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Abstract

BACKGROUND: International guidelines recommend systematic assessment of pain, agitation/sedation
and delirium with validated scales for all ICU patients. However, these evaluations are often not done. We
have created an e-learning training platform for the continuous medical education, and assessed its efficacy
in increasing the use of validated tools by all medical and nursing staff of the participating ICUs during their
daily practice.

METHODS: Multicenter, randomized, before and after study. The eight participating centers were
randomized in two groups, and received training at different times. The use of validated tools (Verbal
Numeric Rating or Behavioral Pain Scale for pain; Richmond Agitation-Sedation Scale for agitation;
Confusion Assessment Method for the ICU for delirium) was evaluated from clinical data recorded in
medical charts during a week, with follow-up up to six months after the training. All the operators were
invited to complete a questionnaire, at baseline and after the training.

RESULTS: Among the 374 nurses and physicians involved, 140 (37.4%) completed at least one of the three
courses. The assessment of pain (38.1 vs. 92.9%, p<0.01) and delirium (0 vs. 78.6%, p<0.01) using
validated tools significantly increased after training. Observation in the follow-up showed further
improvement in delirium monitoring, with no signs of extinction for pain and sedation/agitation
measurements.

CONCLUSIONS: This e-learning program shows encouraging effectiveness, and the increase in the use of
validated tools for neurological monitoring in critically ill patients lasts over time.
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Introduction

International guidelines recommend systematic assessment of pain, agitation/sedation and delirium in all
ICU patients, through the use of validated tools.! > These tools provide repeatable and comparable
measurements, to titrate the therapy and to keep patients awake, cooperative, and well adapted to the harsh
ICU environment.® In fact, excessive use of analgesics and sedatives* correlates with longer ICU stay and a
greater risk of short- and long-term neurological sequelae.> ¢

There is increasing scientific evidence that the side effects of sedative drugs compromise clinical stability.
Deep sedation may prolong the need for mechanical ventilation,” increase sepsis severity,® and result in new
neurological failures both in hospital (delirium) and after discharge.® For these reasons, any unnecessary
sedative should be avoided:’ therapy should be titrated with the use of validated scales. Since proper
identification of pain symptoms in critically ill patients poses a challenge, specific behavioral scales have
been designed and validated for unconscious/sedated'’ and conscious/awake patients.'!

The literature offers encouraging results regarding pain and agitation assessments ,'> but recognition of
delirium is more challenging, with regard to effective and lasting staff training.'* Delirium has a very high
prevalence in critically ill patients'> and there is a direct relationship between increased morbidity and
mortality and its duration.'® 7 It correlates with a significant deterioration in quality of life after ICU
discharge.'® As a result, a significant body of literature recommends the use of validated tools for delirium. '

Among these, the scales with the highest psychometric properties?® are the Verbal Numeric Rating (VNR)
and the Behavioral Pain Scale (BPS)?! for pain; the Richmond Agitation-Sedation Scale (RASS)?*?* and the
Sedation Agitation Scale (SAS)?* for agitation/sedation; the Confusion Assessment Method for the Intensive
Care Unit (CAM-ICU)? and the Intensive Care Delirium Screening Checklist (ICDSC)?® for delirium.

Although international guidelines prescribe monitoring pain/agitation/delirium with three tools, it is often
difficult to implement their use in ICU.?” Even if they do not usually take much time, the need for a
specifically planned learning process remains a significant barrier.'? In addition, the learning process has to
be sustained with refresher courses to avoid extinction.?

The literature supports the need for training on the use of these tools, because proper detection of
neurological status may enable the medical staff to titrate drug administration, possibly reducing mortality
and morbidity.?’ A specific challenge right now is how to calibrate the use of teaching resources in relation
to their effectiveness, maintaining neurological monitoring performance over time. E-learning methods may
offer the best generalizability without disproportionate human resources use.*
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Outcomes

The aim of the present study was to evaluate the effectiveness of an e-learning program for medical and
nursing ICU staff 3" 32, The main hypothesis tested was that e-learning could significantly increase the
number of pain/agitation/delirium assessments done using validated instruments in ICUs where staff were
trained early (intervention arm) in comparison to the ICUs where staff were trained later (control arm), i.e.
still not trained at the time when data was collected.

Educational objectives were pursued only through a website (www.sedaicu.it) where users could follow
educational courses or consult the scales. Flowchart/pocket cards/posters for the management of pain,
sedation and delirium in ICU, in Italian and English, were always available . Three Continuous Medical
Education (CME) courses were offered: 1) Monitoring analgesia and sedation in ICU; 2) Evaluating
delirium in critically ill patients; 3) Management of the “awake critically ill patient”. Each course comprised
several lessons, each made up of a two-page text summarizing a specific topic, together with full text
references from the international literature. The website provided 14 lessons, 105 papers, 22 ready-to-use
instruments, and 11 videos, for a total of 158 webpages.

Secondary outcomes were: 1) use of validated tools after training compared to pre-training; 2) maintenance
of neurological monitoring performances over time, in this case up to six months; 3) investigation of the
perceived difficulties and workload, as reported by the staff members; 4) the length of ICU stay (ICU-LOS).

Materials and methods
Participating centers

This study involved staff nurses and physicians from eight ICUs in the area of Milan, Italy: San Paolo
(HSP); Ospedale Civile di Desio (DES); Fatebenefratelli e Oftalmico (FBF); two different ICUs at San
Matteo, Pavia (PVU and PVD); San Gerardo, Monza (MON); Ospedale Maggiore Policlinico (POL);
Ospedale Civile di Legnano (LEG).

The centers were selected on the basis of their availability, regardless of whether they had hospital
guidelines for neurological assessment, experience with the use of validated tools, or university/non-
university hospital status, or the case-mix of patients treated. The heterogeneity of the study group was
explicitly planned to achieve the best generalizability of the results.

Each ICU organized the training in a specific period. Two groups were randomly created : in the
intervention arm “ICU-A” (HSP, LEG, DES, and FBF), nurses and physicians were invited to do the
training at an early stage, while in the control arm “ICU-B” (PVU, MON, PVD and POL) nurses and
physicians had access to the program later.

Data collection in participating centers

A specially designed sheet (Fig.1S) was used to detect the frequency of use of each validated tool (VNR and
BPS for pain, RASS for agitation/sedation, and CAM-ICU for delirium), or other neurological observations
in the clinical chart . Data was collected by the same four psychologists on five separate occasions for each
of the eight participating centers, gathering data from one-week retrospective chart examination.

Surveys were scheduled as shown in Fig.1. After the Baseline survey, a pre-training survey (Pre-period) was
done in the four intervention arm centers (ICU-A). Then training was opened and all the ICU-A staff were
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invited to participate, with three subsequent personal e-mails that suggested the opportunity to earn CME
credits. After that, a new survey was carried out simultaneously in ICU-A (Post-period) and ICU-B (Pre-
period). The four centers in the control arm (ICU-B) started the training a month later, with their subsequent
Post-period observation. Both groups were again observed at three (3mFollowUp) and six months
(6mFollowUp).

Questionnaire for operators

To detect the technical abilities, the knowledge, habits, and any trouble regarding the use of the validated
tools, and the perceived workload for their use, a specifically-designed questionnaire was proposed to all
staff members of the participating ICUs during the Baseline and Post-period surveys. The questionnaire also
investigated their motivation to improve their professional knowledge on these topics.

Statistical analysis

Data from clinical observations were analyzed in three steps. First, we calculated the prevalence of
neurological assessments carried out with validated tools (adequately gathered detections as a percentage of
the total number of patients in the ICU); then, the average prevalence of each center for each studied period
was calculated using the median of the surveys relating to each patients’ bed. Last, these findings were
compared using an appropriate non-parametric test: Wilcoxon rank-sum test or Friedman's multiple
comparison test. Predefined sub-analyses were planned to compare university and non-university hospitals;
patient/nurse ratio >0.5 or <0.5; hospital with or without existing guidelines on neurologic monitoring.
Questionnaire replies were analyzed using non-parametric tests for paired data (Wilcoxon rank sum test). In
both cases, normally-distributed continuous variables were investigated with Student's t test. All analyses
were done with the statistical package STATA 12 (Stata Corporation, College Station, Texas, USA).

Results
Surveys

The use of validated tools was surveyed according to schedule in all cases but one: for organizational
reasons, it was not possible to accomplish the “Post-period”, “3ImFollowUp” and “6mFollowUp” surveys in
the LEG center. This center had therefore to be excluded from the statistical analysis on the use of validated
tools. Baseline characteristics of the two ICU groups are described in Table 18S.

E-learning courses

During the nine-month study (12 Dec.11-15 Sept. 12), out of the 374 staff doctors and nurses involved, 140
(37.4%) completed the first CME course; 135 (36.1%) completed the second; 119 (31.8%) completed the
third. Staff were not obliged to follow the courses in any preset order, but 117 (98.0%) who completed the
third course had also taken the first two.

Main Outcome
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The main outcome is presented in Fig.2 and Tab.2S. The percentage of pain assessments using validated
tools was significantly higher in ICU-A during the Post-period than in ICU-B during the Pre-period (92.9%
vs. 38.1%, P<0.01). The same held for delirium assessments (78.6% vs. 0%, P<0.01), while
agitation/sedation assessments were not different. At the same time, there was a significant decrease in the
“missing assessments” for delirium (6.3 vs. 69.2%, P<0.01). A significant increase in the use of validated
tools was also observed considering the differences within each center between the Pre and Post periods
(Tab.3S).

We compared the use of validated tools use by two ICU groups on the Pre-period (ICU-A: 34.6 [29.5-
66.71% vs. ICU-B: 34.9 [27.4-66.7]%, p=0.72) to exclude differences before the study intervention. We also
compared the Baseline and Pre periods within each ICU group to exclude differences due to staff awareness
that a study on these topics was ongoing (ICU-A: 33.3 [22.2-44.4]% vs. 34.6 [29.5-66.7]1%, p=0.22; ICU-B:
58.2 [35.2-66.71% vs. 34.9 [27.4-66.7]1%, p=0.18).

Secondary outcomes

The results for the five periods are shown in Fig.2S. The proportion of surveys with validated tools for pain
and delirium rose steadily up to the 6mFollowUp, whereas for sedation, even though it remained higher than
90%, it tended to drop slightly and non-significantly in the two follow-up periods (Fig.3).

Statistical sub-analysis showed that the percentage of assessments with validated tools was higher in centers
with more nurses available, and missing or non-validated assessments were lower. Unlike pain and sedation,
not all eight ICU had hospital guidelines for delirium management before the study; ICU staff from centers
with such guidelines were more used to monitoring delirium correctly. Lastly, there were more overall
correct assessments in university hospitals.

The mean ICU-LOS was 6.3 + 1.2 days in the Pre-period and 6.2 + 1.0 days in the Post-period, without
statistical significance (p=0.94). No differences were found even when correcting for the number of staff
members involved in each center.

Questionnaire for operators

Among the 374 doctors and nurses of the 8 ICUs, 222 (59.4%) questionnaires were collected at Baseline,
and 210 (56.1%) in the Post-period. The main details of the staff members who answered are listed in
Tab.4S.

The questionnaire analysis illustrates, albeit indirectly, the use of validated tools. There was an increase in
the use of BPS after the training program (8.7% vs. 56.7%, p<0.01) with a consequent decrease in the use of
non-validated methods (28.8% vs. 17.8%, p<0.01). BPS became better known (39.8 vs. 81.1%, p<0.01) and
considered more effective (35.2% vs. 74.8%, p<0.01). Delirium monitoring changed significantly, too, with
a halving of the number of ICU staff members who said they had done no validated delirium surveys after
the intervention (50.5% vs. 25.7%, p<0.01), together with a substantial increase in the use of CAM-ICU
(40.2% vs. 70.8%, p<0.01).

The number of ICU staff members declaring they did not routinely assess consciousness with validated
scales, already very low at Baseline, dropped further (19.5% vs. 11.1%, p=0.02). The questionnaire also
indicated an increase in the time spent on neurological assessment after training, together with a better
understanding of its importance during ICU rounds (Table 5S). Interestingly, training led to a reduction in
the number of patients considered to need a sedative (75% vs. 70%, p<0.01, Tab.7S).
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Training increased the knowledge of the correct definition of delirium (Tab.8S) (64.9% vs. 82.7%, p<0.01).
The estimates of the prevalence of delirium increased (10% vs 20%, p<0.01), together with the perceived
number of patients adequately treated, according to their needs. CAM-ICU was more widely known (52.5
vs. 85.0%, p<0.01), and was more frequently judged effective (43.1% vs. 70.4%, p<0.01) after the training.

Finally, more than half the operators considered it useful to pursue their education on pain, sedation, and
delirium management through methods including meetings, websites for e-learning and brochures or pocket
cards. This indicates the importance of different pedagogical strategies (Tab.9S). Fig.4 highlights some of
the findings from the questionnaires.

Discussion

This randomized, multicenter, before and after study was designed to detect the pragmatic effectiveness of
an e-learning training program (www.sedaicu.it). ICU staff (nurses and physicians) from eight different
centers were involved and we observed their daily clinical use of validated tools for neurological monitoring
in critically ill patients. Overall, though only a third of the staff members involved completed all three online
CME courses, there was still a significant effect on properly performed neurological assessments,
particularly as regards pain and delirium monitoring. Considering the small amount of human resources used
for this educational program, the cost/effectiveness ratio seems promising.

Questionnaires

During the baseline period, the questionnaires generally showed a lack of knowledge about validated tools
for pain and delirium.?’ At the same time, however, the respondents showed lively interest in learning about
them. For example, pain was mainly assessed through the VNR, but operators were willing to learn and use
behavioral scales like BPS, a tool judged very useful to directly investigate ventilated or sedated critically ill
patients. Monitoring sedation/agitation instead was shown not to require specific educational interventions
because it was already done properly in very high percentages in the pre-training period. For delirium, not
only was a very high proportion of operators not using any validated tool, but they did not even know their
existence, as reported elsewhere.®® Overall, the perceived workload did not change with the introduction of
validated tools.

Clinical observations

The number of missing pain assessments was low in the pre-training period and it decreased thereafter with
further improvement in the follow-up periods, probably thanks to a better knowledge of the BPS, which was
well accepted by staff members. Sedation was assessed with validated tools in high proportions even before
the training so this might explain the lack of significant results after it.

The validated scale for delirium monitoring had later diffusion. In the pre-training period, there were more
missing detections than at baseline, together with a decrease in assessments made with non-validated tools.
Then, after the training period there was a stable increase in the use of CAM-ICU, reaching up to 60% at six
months follow-up. As the literature also shows,'*?® delirium monitoring was harder to introduce in clinical
practice.
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Considering all the observation periods, the use of validated tools was lower in non-university hospitals, in
ICUs with lower nurse/patient ratios, and in centers without guidelines for the management of delirium. In
these situations, a medical education training program could very likely be even more effective.

During follow-up, properly performed neurological assessments remained high. The use of validated tools
for the assessment of pain and delirium showed steady increases. There was also a significant drop in
missing assessments between Baseline and 6mFollowUp. This means we can consider extinction virtually
negligible.

This intervention did not change the ICU-LOS, which was similar in the Pre- and Post-periods, probably
because it depends on too many other factors. The results were not significant even comparing the ICU-LOS
for centers with high (>65%) or low (<30%) participation of staff members in the online CME. These
observations may suggest a scatter of competences even with non-official instruments.

Study limitations

First, only a very small number of ICUs was involved. Their differences in ‘cultural background’ on
neurological monitoring permits some kind of generalizability, but it could explain at least part of the
results. However, the main outcome is supported by intra-ICU comparisons. Second, a significant share of
the ICUs introduced at least one of the validated tools during the study; a "surprise effect" might be
assumed. Third, only 30% of staff members followed the online education; even if at least some of the
others could have been reached by word of mouth, the investigated effect could be higher with stronger
motivation. Fourth, data acquisition was based on a single visit to each center for each period, without
gathering information on individual pre-post performances. The data were obtained retrospectively by
reviewing medical records. This caused some unexpected and unjustifiable intra-ICU differences in the
prevalence of observed data. Fifth, no inferences can be drawn on the correctness of the neurological
assessments, since no clinical evaluations by certified evaluators were done. Last, clinical decisions were not
measured, so we cannot know whether e-learning changed drug prescriptions.

Conclusions

This e-learning program showed encouraging effectiveness, leading to an increase in the use of validated
tools for neurological monitoring in critically ill patients.

Key messages

- Neurological monitoring with validated tools for systematic assessment of pain, agitation, and
delirium is mandatory for good clinical practice in general ICUs, but these evaluations are still not
done in a large proportion of cases.

- Many training programs produced not-fully-encouraging results, especially for delirium monitoring,
which appears to need repeated lessons.

- An online platform was created in Italian and English languages, together with CME courses about
pain and sedation, delirium monitoring, and awake critical patient management.

- The present multicenter, before and after, randomized trial found an increase in the use of validated
tools for neurological monitoring in critically ill patients after the e-learning intervention, which was
sustained over time.
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Tab. 1 - Comparison of ICUs

ICU with nurses/pt ICU with nurses/pt

ratio > 0.5 ratio <0.5 P
Surveys of pain/sedation/
delirium with validated 77.8[65;92.1] 62.5[33.3; 68.6] <0.01
instruments
Surveys of pain/sedation/
delirium not done 10.3 [4.8;26.7] 19[7.4; 39.7] <0.01
Surveys of pain/sedation/
delirium with not validated 3.210; 19] 14.8 [0; 31.7] <0.01
instruments

ICU with ICU without p

guidelines guidelines
Surveys of delirium with
validated instruments 73.3[30.8; 92.9] 01[0; 42.9] <0.01
Surveys of delirium not done

7.710; 19] 33.3[9.5;61.5] <0.01
Surveys of delirium with not
validated instruments 6.7 [0; 53.3] 42.9[0; 71.4] <0.01

University Non-University D

ICUs ICUs

Surveys of pain/sedation/
delirium with validated 71.4[61.4; 89.6] 44.4[27.8; 66.7] <0.01
instruments
Surveys of pain/sedation/
delirium not done 11.1[3.3;25.9] 31.7[16.7; 66.7] <0.01
Surveys of pain/sedation/
delirium with not validated 7.9 [0; 23.8] 12.5[0; 27.4] 0.35
instruments

Table 1 — Comparison of ICUs. This table was built considering together all the surveys done in
the five study periods, and comparing ICUs according to specific characteristics (nurses/pt ratio,
delirium management guidelines, university or non- university). Values are median [interquartile
range]. Variables were compared using the Wilcoxon rank sum test.
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ELECTRONIC SUPPLEMENTARY MATERIAL

Tab.1S - General characteristics of the two ICU groups.

ICUA ICUB
Variables P
' 3) @
Nurses per shift - n
Morning 31[3;4] 51[3; 8] 0.25
Afternoon 3[3;3] 513; 6] 0.12
Night 31[2;3] 413; 5] 0.10
Doctors per shift - n
Morning 2[2; 3] 3[2;4] 0.34
Afternoon 2[1;2] 2[2;2] 0.32
Night 1[1;1] 1[1; 1] >0.99
Hours per shift 8[8; 8] 8[8; 8] >0.99
ICU using guidelines for the assessment of... - n (%)
Pain 3 (100) 3(75) >0.99
Sedation/agitation 2 (67) 3(75) 0.27
Delirium 1(33) 1 (25) >0.99
Mixed ICUs - n (%) 3 (100) 3(75) >0.99
ICUs with neurological patients - n (%) 1(33) 0(0) 0.27
Hospitalization per year - n 300 [236; 1000] 500 [300; 518] 0.66
Type of admission - (%)
Medical 60.5 [60; 61] 41.8[35;70] 0.35
Surgical scheduled 15.5[14; 17] 34.7 [20; 44] 0.06
Surgical unscheduled 24[23;25] 21[10; 25.5] 0.81
University hospitals - n (%) 1(33) 3(75) 0.08
Hospital beds - n 320 [280; 1400] 900 [800; 1000] 0.56
ICU beds - n 6[5;10] 8 [6;10] 0.50
ICUs without electronic charts —n (%) 3 (100) 1(25) 0.08

Table 1S - General characteristics of the two ICU groups. The seven ICUs where the surveys were conducted are presented in

the two ICU | i )
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Tab. 2S — Main outcome

ICU A ICUB P
Post period Pre period
Surveys with validated tools - (%)
Pain 92.9 [83.3; 97.6] 38.1[0; 95.2] <0.01
Sedation/agitation 91.7 [83.8; 97.6] 89.5[75; 100] 0.94
Delirium 78.6 [16;97.1] 01[0; 0] <0.01
Missing surveys - (%)
Pain 6.5[0; 16.7] 18.7 [0; 50] 0.19
Sedation/agitation 7.710; 15.8] 0[0; 11.8] 0.40
Delirium 6.3[0;21.4] 69.2 [19; 100] <0.01
Surveys without validated tools - (%)
Pain 0 [0; 0] 0[0; 54.5] 0.03
Sedation/agitation 01[0;0] 010;9.5] 0.04
Delirium 3.3[0; 57.6] 25 [0; 66.7] 0.43

Table 2S — Main outcome. The percentages of pain, sedation/agitation and delirium evaluations with validated tools. The
comparison was between ICU A in the post period and ICU B in the pre period. Values are median [interquartile range]. The
variables were compared using the Wilcoxon rank sum test. ICU A, intervention arm centers ; I[CU B, control arm centers.

his document is protected by infemational copyright laws. No additional reproduction is authorized. If is permitted for personal use fo download and save only one file and print only or
opy of this Article. It s not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribut
he elec‘rromc copy of ‘rhe article ‘rhrough onhne m‘reme‘r ond/or infranet f|Ie shonng sys‘rems elec‘rromc momng or ony oTher meons which moy dllow access to the Arficle. The use of all or ar

At~ Arse fra A~lA e A AraaiH hA AraAl i~bHAn AF rAanrnte FAar mArAn Al A ~AAnA A ArAIAL L IEA e A

st AF Ham ArkialA far ~oa ArAnAAr~il hA ~ra~han



Tab 3S — Comparison of Pre period and Post period in all ICUs.

Pre period Post period P
Surveys with validated tools
Pain 66.6 [0; 100] 83.8 [54.8; 100] 0.03
Sedation/agitation 85.7[45.4; 100] 93.7 [78.2; 100] 0.05
Delirium 01[0; 0] 29.3[7.9; 83.8] 0.01
Missing surveys
Pain 16.7 [0; 45.4] 14.3 [0; 40.5] 0.98
Sedation/agitation 9.5 [0; 25] 2.410;21.8] 0.28
Delirium 62.5[14.3; 100] 19.5[4.8;42.9] <0.01
Surveys without validated tools . ~0.99
Pain 01[0;42.9] 0[0;0]
Sedation/agitation 01[0; 6.7] 0[0; 0] >0.99
Delirium 5.3 [0; 62.5] 33.3[0; 53.3] >0.99

Table 3S — Comparison of Pre period and Post periods in all ICUs. Percentages of surveys with validated tools, missing, or
without validated tools: comparison of the pre-training and post-training periods in all the ICUs considered together. Values are

median [interquartile range] or absolute number (percentage). The variables were compared using the Wilcoxon rank sum test.
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Tab 4S — Main socio-demographic characteristics of nurses and physicians answering the

questionnaire.
Pre Post
(222) (210) p
Age - years 37 [32; 43] 38 [32; 44] 0.86
Females - n (%) 116 (52.2) 118 (56.2) 0.41
Italian nationality - n (%) 217 (97.8) 206 (98.6) 0.53
Employment - n (%)
Physicians 85 (38.3) 68 (32.7) 023
Nurses 137 (61.7) 140 (67.3) '
Years of experience 9[4; 16] 10 [4; 16] 0.78
Working position - n (%)
Coordinators 10 (4.5) 52.4) 023
Staff members 212 (95.5) 205 (97.6) ’

Table 4S — Main socio-demographic characteristics of nurses and physicians answering the
questionnaire. Values are median [interquartile range] or absolute number (percentage). The variables were
compared using the Wilcoxon rank sum test or Fisher's exact test (exact), as appropriate.
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Tab SS — Questionnaire: general habits.

. Pre Post
Variables 222) 210) )
Enteral sedation - (%) 30 [15; 70] 40 [20; 70] 0.15
Conscious sedation during mechanical ventilation - (%) 60 [30; 80] 60 [40; 80] 0.69
Reasons for the current approach - n (%)
Habit 59 (28.9) 67 (33.3) 0.34
International guidelines 96 (47.1) 83 (41.3) 0.24
Convenience 20 (9.8) 13 (6.5) 0.22
Cost-benefit ratio 59 (28.9) 65 (32.3) 0.46
Methods used to assess pain - n (%)
None 11(5) 6(2.9) 0.26
VNR 154 (70.3) 145 (69.7) 0.89
BPS 19 (8.7) 118 (56.7) <0.01
Other 63 (28.8) 37 (17.8) <0.01
Methods used to assess sedation - n (%)
None 43 (19.5) 23 (11.1) 0.02
RASS 171 (77.4) 175 (84.1) 0.08
RAMSAY 5(2.3) 3(14) 0.53
Other 8 (3.6) 734 0.89
Methods used to assess delirium - n (%)
None 108 (50.5) 53 (25.7) <0.01
CAM-ICU 86 (40.2) 148 (71.8) <0.01
Other 11(5.1) 524 0.15
Daily neurological assessment - n 3[3;4] 3[3; 3] <0.01
Time (in minutes) for the measurements of pain,
sedation/agitation and delirium in a single work shift - n (%)
<5 57 (27) 30 (14.8)
5-15 127 (60.2) 139 (68.5) 0.02
15-30 21 (10) 28 (13.8) ’
> 30 6(2.8) 6(2.9)
Neurological monitoring judged adequately clear during
shift handover - n (%)
Never 0 0
Rarely 14 (6.6) 23 (11.3) 0.02
Often 103 (48.8) 115 (56.7) '
Always 94 (44.6) 65 (32)
Definition of "validated instrument" - n (%)
Considered valid in a conference of experts 54 (25) 34 (17.6)
Used at least in ten reference centers 8(3.7) 4(2.1) 0.05
Gives the same results when used by different operators 101 (46.8) 116 (60.1) ’
Based on values measured instrumentally 53 (24.5) 39 (20.2)

Table 5S — Questionnaire: general habits. First part of the questionnaire regarding the management of
pain, sedation/agitation and delirium. Values are as median [interquartile range] or absolute number
(percentage). The variables were compared using the Wilcoxon rank sum test or Fisher's exact test, as
appropriate. VNR: Verbal Numerical Rating; BPS: Behavioral Pain Scale; RASS: Richmond Agitation
Sedation Scale; CAM-ICU: Confusion Assessment Method for Intensive Care Unit.
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Tab 6S —

Questionnaire: pain.

. Pre Post
Variables (222) (210) p
When do you think it is necessary to investigate pain? - n (%)
When the analgesic therapy changes 148 (67.9) 150 (72.5) 0.30
At least every 6 hours 148 (67.9) 135 (65.2) 0.56
When sedation is reduced 120 (55) 120 (58) 0.54
After returning from the operating room 115 (52.8) 108 (52.2) 0.90
Patients with pain detection using a validated tool - (%) 90 [60; 100] 100 [70; 100] <0.01
Patients with pain - (%) 30 [20; 50] 40 [20; 50] 0.14
Patients with pain who received analgesia - (%)
Insufficient 10 [0; 20] 10 [0; 20] 0.73
Adequate 80 [70; 90] 80 [70; 90] 0.43
Eccessive 0[0; 10] 0[0; 10] 0.30
What you believe to be the correlation between pain and clinical
outcome? - n (%)
Close 161 (74.9) 175 (84.5)
Partial 53 (24.6) 31 (15) 0.04
None 1(0.5) 1(0.5)
Limitations of the application of VNR - n (%)
Excessive workload 14 (6.4) 11 (5.4) 0.66
Cooperation of the patient 109 (49.6) 94 (45.8) 0.45
Neurological status of the patient 171 (77.7) 176 (85.8) 0.03
I don't know the VNR 26 (11.8) 7(3.4) <0.01
Do you think the BPS is... - n (%)
Effective 76 (35.2) 154 (74.8)
Effective but steals time from more important tasks 8(3.7) 7(3.4) <0.01
Ineffective 2(0.9) 6(2.9) ’
I don't know the BPS 130 (60.2) 39 (18.9)
Limitations of the application of BPS - n (%)
Excessive workload 18 (22.8) 18 (11.9) 0.03
Cooperation of the patient 29 (36.7) 38 (25.2) 0.07
Neurological status of the patient 44 (55.7) 99 (65.6) 0.14
Previous participation in training events on pain assessment - n (%) 79 (36.4) 105 (52.2) <0.01

Table 6S —

Questionnaire: pain. Values are median [interquartile range] or absolute number (percentage).

The variables were compared using the Wilcoxon rank sum test or Fisher's exact test (exact), as appropriate.

VNR,

Verbal Numerical Rating; BPS, Behavioral Pain Scale.
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Tab 7S — Questionnaire: sedation/ agitation.

. Pre Post
Variables (222) (210) p
Have you ever had an excessive workload due to a light sedative target
in ICU patients? - n (%)
Never 10 (4.8) 14 (6.8)
Rarely 105 (50.5) 89 (43.4) 0.45
Often 89 (42.8) 99 (48.3)
Always 4(1.9) 3(1.5)
Were alternative treatments in your opinion? - n (%)
Never 15 (6.9) 14 (6.9)
Rarely 120 (55.3) 107 (53) 0.45
Often 80 (36.9) 75 (37.1) ’
Always 2(0.9) 6(3)
Patients undergoing sedation detection with a validated tool - (%) 90 [50; 100] 100 [60; 100] 0.25
Patients needing sedation - (%) 5[50; 80] 70 [50; 80] 0.92
Patients who received sedation... - (%)
Insufficient 10 [5; 30] 10 [5; 30] 0.36
Adequate 80 [60; 80] 80 [60; 90] 0.91
Eccessive 10 [0; 15] 5[0; 10] 0.68
Do you think the RASS is... - n (%)
Effective 171 (79.2) 181 (88.3)
Effective but steals time from more important tasks 12 (5.5) 4(1.9 0.07
Ineffective 3(14) 2(1) ’
I don't know the RASS 30 (13.9) 18 (8.8)
Limitations of the application of RASS - n (%)
Excessive workload 24 (14.5) 15(9.5) 0.17
Cooperation of the patient 41 (24.7) 34 (21.5) 0.50
Neurological status of the patient 113 (68.1) 113 (71.5) 0.50
Previous participation in training events on assessment of
sedation/agitation - n (%) 72(32.9) 102(49.8) <0.01

Table 7S — Questionnaire: sedation/agitation. Values are median [interquartile range] or absolute number
(percentage). The variables were compared using the Wilcoxon rank sum test or Fisher's exact test (exact),
as appropriate. RASS: Richmond Agitation Sedation Scale.
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Tab 8S — Questionnaire: delirium.

Table 8S — Questionnaire: delirium. Values are median [interquartile range] or absolute number

Variables

How do you define delirium? - no.(%)
Abstinence from neuroactive substances
Hallucinatory symptoms
State of agitation
Fluctuating state of consciousness with inattention and disorganized thinking

When do you think one should investigate the presence of delirium? - n (%)
When analgesic therapy is changed
At least every 6 hours
When sedation is reduced
After returning from the operating room

Patients undergoing delirium detection with a validated tool - (%)

Patients with delirium - (%)

Patients with delirium who received therapy - (%)
Insufficient
Adequate
Eccessive

Do you think the CAM-ICU is... - n (%)
Effective
Effective but steal time to more important tasks
Ineffective
I don't know the CAM-ICU

Limitations of the application of CAM-ICU - n (%)
Excessive workload
Cooperation of the patient
Neurological status of the patient

Previous participation in training events on assessment of delirium - n (%)

Pre
(222)

1(0.5)

48 (23.1)
24 (11.5)
135 (64.9)

66 (32.0)
131 (63.6)
111 (53.9)
45 (21.8)

0 [0; 50]
10 [2.5; 20]

20 [0; 50]
70 [40; 90]
0 [0; 10]

87 (43.1)
16 (7.9)
3(1.5)

96 (47.5)

39 (35.1)
53 (47.8)
50 (44.6)

38 (18.2)

Post
(210)

3(1.5)
13 (6.4)
19 (9.4)

167 (82.7)

80 (39.8)
135 (67.2)
118 (58.7)
35(17.4)

60 [10; 100]
20 [10; 30]

10 [0; 30]
80 [60; 100]
0 [0; 10]

145 (70.4)
23 (11.2)
7 (3.4)
31 (15.0)

64 (38.3)
73 (43.7)
79 (47.3)

87 (42.0)

<0.01

0.10
0.45
0.33
0.26

<0.01
<0.01

0.03
<0.01
0.79

<0.01

0.59
0.51
0.66

<0.01

(percentage). The variables were compared using the Wilcoxon rank sum test or Fisher's exact test (exact),

as appropriate. CAM-ICU, Confusion Assessment Method for Intensive Care Unit.
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Tab 9S — Questionnaire: daily practice.

. Pre Post
Variables 222) (210) P
Do you think there is room to improve pain management? - n (%)
None at all 8 (3.8) 8(3.9
Little 93 (43.9) 97 (46.8) 0.87
Enough 87 (41) 83 (40.1) ’
Plenty 24 (11.3) 19 (9.2)
Do you think there is room to improve sedation management? - n (%)
None at all 6(2.8) 7(3.4)
Little 66 (31.3) 85 (40.9) 091
Enough 109 (51.7) 91 (43.7) ’
Plenty 30 (14.2) 25(12)
Do you think there is room to improve delirium management? - n (%)
None at all 4(1.9) 10 (4.9)
Little 33 (15.7) 45 (21.9) <0.01

Enough 79 (374) 93 (45.4)
Plenty  95(45.0) 57 (27.8)

To improve the monitoring of pain, sedation/agitation and delirium, would you
consider useful to plan... - n (%)
Regular team meetings 182 (92.4) 186 (92.5) 0.95
Residential courses 156 (84.3) 149 (80.1) 0.29
Brochures or pocket cards 123 (68.7) 122 (64.9) 0.44
Individual meetings with staff 109 (59.2) 113 (63.5) 0.41
Online training 100 (55.6) 100 (58.6) 0.89

Do you think the use of analgesics, sedatives and antipsychotics in the ward
where you work corresponds to good clinical practice? - n (%)
Not at all 0(0) 2(1)
Little 23 (11) 19 (9.1)
Enough 146 (69.9) 149 (71.6)
Closely 40 (19.1) 38 (18.3)

0.48

From 0 to 100 how much are you motivated for training on these topics? - (%) 85 [72; 94] 77 [55; 90] <0.01

Table 9S - Questionnaire on daily practice and future training programs. Values are absolute number
(percentage) or median [interquartile range]. The variables were compared using the Wilcoxon rank sum test
or Fisher's exact test (exact), as appropriate.
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Fig. 28 - Surveys with validated tools.
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Figure 28 - Surveys with validated tools. The box plot presents the median and interquartile range of neurological
observations with validated tools in the five study periods. The lines outside rectangles indicate the 95% confidence
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Figure 3 — Summary of all survey findings. Median and standard errors of neurological observations during the five
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Fig. 4 — Answers to the questionnaire.
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Figure 4 - Answers to the questionnaire. Presentation of some of the answers given by staff nurses and
physicians on the questionnaires pre and post-training. BPS, Behavioral Pain Scale; RASS, Richmond
Agitation Sedation Scale; CAM-ICU, Confusion Assessment Method for Intensive Care Unit.
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