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Background and aims: Pain management is often inadequate in emergency departments (ED) despite
the availability of effective analgesics. Interventions to change professional behavior may therefore help
to improve the management of pain within the ED. We hypothesized that a 2-h educational intervention
combining e-learning and simulation would result in improved pain treatment of ED patients with pain.
Methods: Data were collected at the ED of Horsens Regional Hospital during a 3-week study period in
March 2015. Pain intensity (NRS, 0-10) and analgesic administration were recorded 24 h a day for all
patients who were admitted to the ED during the first and third study weeks. Fifty-three ED nurses and
14 ED residents participated in the educational intervention, which took place in the second study week.
Results: In total, 247 of 796 patients had pain >3 on the NRS at the admission to the ED and were
included in the data analysis. The theoretical knowledge of pain management among nurses and residents
increased as assessed by a multiple choice test performed before and after the educational intervention
(P=0.001), but no change in clinical practice could be observed: The administration for analgesics [OR:
1.79 (0.97-3.33)] and for opioids [2.02 (0.79-5.18)] were similar before and after the educational inter-
vention, as was the rate of clinically meaningful pain reduction (NRS >2) during the ED stay [OR: 0.81 (CI
0.45-1.44)].
Conclusions: Conduction of a 2-h educational intervention combining interactive case-based e-learning
with simulation-based training in an ED setting was feasible with a high participation rate of nurses and
residents. Their knowledge of pain management increased after completion of the program, but transfer
of the new knowledge into clinical practice could not be found. Future research should explore the effects
of repeated education of healthcare providers on pain management.
Implications: It is essential for nurses and residents in emergency departments to have the basic the-
oretical and practical skills to treat acute pain properly. A modern approach including e-learning and
simulation lead to increased knowledge of acute pain management. Further studies are needed to show
how this increased knowledge is transferred into clinical practice.
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1. Introduction

Involving up to 60% of all patients, acute pain represents a
considerable problem in the emergency department (ED) [1-3].
Undertreatment of acute pain has been extensively documented
over the past decades and may have negative psychological and
physiological consequences for the patients [4]. The reasons for
undertreatment in the ED are numerous and involve some of the
following: inadequate recognition and assessment of pain, narrow
focus on the diagnosis and less attention of the painful condition,
inadequate knowledge of and training in acute pain management of
healthcare providers [5-8], and, in particular, the prejudice against
prescription of opioid analgesics [9]. Consequently, one obvious
strategy to reduce undertreatment is to educate ED nurses and
residents in pain management.

Most educational research has focused on the implementation
of new pain management guidelines and protocols, and only few
studies have evaluated the effects of modern teaching methods
such as e-learning and simulation [10-16]. Given the paucity of
research in this field, we therefore decided to create an educational
program (EP) combining interactive case-based electronic learn-
ing (e-learning) with simulation-based training. We hypothesized
that (1) the EP would increase the knowledge of nurses and resi-
dents about acute pain management, and that (2) this increased
knowledge would result in improved acute pain management in
the ED.

2. Methods
2.1. The setting

The study was carried out in the ED of Horsens Regional Hospi-
tal (Denmark), which is one of five hospitals in the Central Region
of Denmark receiving acute patients. The population of the Hors-
ens area is approximately 208,000 out of a total population of
1,282,000 in the Central Denmark Region. The ED receives only
patients referred from general practitioners and patients who have
called 1-1-2 (a total of 34,000 patients annually). Patients are either
treated and discharged immediately (e.g. in case of minor injuries)
or hospitalized in the ED. Hospitalized ED patients are treated and
discharged from the ED within 48 h or referred to other depart-
ments, if necessary (e.g. surgical or medical patients requiring
specialized treatment). Acute patients with a clear tentative cardi-
ologic diagnosis are not treated in the ED but are referred directly
to the department of cardiology. At the time of the intervention, 58
nurses, 6 attending physicians, and 15 residents were employed in
the ED. The attending physicians did not participate in the study.
The educational intervention was conducted at the hospital in a
separate department organized especially for simulation, educa-
tion, and practical teaching.

The study was approved by the Danish Data Protection Agency
(2007-58-0010). We consulted the local ethics committee and they
replied that ethical approval was not required for this study accord-
ing to the Scientific Ethical Committees Act (section 14, subsection
1). Written informed consent was obtained from all participating
patients.

Aspresented in Fig. 1, the study period consisted of three consec-
utive weeks: Patient data were collected during the first and third
weeks and the intervention was carried out in the second week.

2.2. Patient data

Eight research assistants screened all consecutive patients for
the presence of acute pain at the admission to the ED. This was
done 24 h a day during the first and third study weeks, i.e., before

Intervention:
e-learning + simulation

MCQ | MCQ MCQ
l | \ | \
Week: 1 2 3 At 4 month

Patient registrations

Fig. 1. Timeline of study period. MCQ: multiple choice questionnaire.

and after the intervention. The pain was evaluated on an 11-point
numeric rating scale (NRS, 0-10), where 0 indicated no pain and
10 indicated the worst imaginable pain. Patients with moderate
to severe pain (NRS >3) at admission were included in the study.
Exclusion criteria were as follows: severe trauma or medical ill-
ness causing activation of Trauma Team or Medical Emergency
Team, age less than 15years, or inability to rate pain intensity
on the NRS. The research assistants also recorded pain intensity
at discharge from the ED, i.e., hospital discharge, referral to other
departments, or transfer to the operating room. If the patients
had received analgesic treatment, the research assistants verified
the drug’s name, dose, and administration form in the electronic
patient journal. Pharmacological treatment options were paracet-
amol (Pinex® ), nonsteroidal anti-inflammatory drugs (Burana® )
tramadol (D0101®) and morphine. The research assistants were
trained thoroughly by the investigators prior to the study. Tentative
diagnosis, occupancy rates, and time measures were subsequently
extracted from the electronic patient journal. The research assis-
tants were instructed not to interfere with the patient care or the
nurses’ work, and they did not pass information on to any employee
in the ED.

2.3. Educational program

During the second study week, the attending nurses and
residents in the ED completed an EP consisting of interactive case-
based e-learning and subsequent simulation training. One or two
residents and 2-4 nurses typically participated in each EP session,
which lasted approximately 2 h. The EP session was repeated 4
times daily for 5 continuous days in order to educate all nurses
and residents in the ED.

Prior to the design of the EP, we identified barriers to suf-
ficient pain management among nurses and residents during
open discussions at staff meetings. The main barriers identified
included inadequate knowledge about pain assessment and proper
opioid dosing, a fear of inducing opioid-related adverse effects,
and a general lack of attention to pain management. The nurses
emphasized that the latter challenge occurred primarily during
ED crowding. The authors formulated the content of the EP, and
three pain management experts and two experts in simulation-
based training from the Central Denmark Region carried out a
critical revision. Graphic designers and experts in information
technology managed the layout and technical composition of the
e-learning module [17]. The e-learning module used an interactive
case-based format and focused on pain assessment, administra-
tion and titration of commonly used analgesics, including opioids,
and dose calculations based on patient age, weight, and comor-
bidities. (See Appendix or https://rm.plan2learn.dk/kursusvalg.
aspx?id=32949&lang=en for details).

The simulation training session began with an initial briefing of
the participants, continued with a simulation scenario, and ended
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with a debriefing [18]. The simulation was carried out by an actor
instructed to play a trauma patient with an open fracture of the
tibia brought to the ED by ambulance. The actor was instructed
to complain strongly but realistic upon arrival and to decrease the
pain level in parallel with intravenous morphine titration. Dynamic
vital parameters (non-invasive blood pressure, pulse, and periph-
eral oxygen saturation) were visualized and made audible on a
screen with loudspeakers. Vital parameters were changed accord-
ing to participants’ actions and controlled with a wireless Simpad®
by one of the two instructors. The first part of the simulation focused
on practical pain management and sufficient dosing of intravenous
morphine. The second part of the simulation trained participants
in the handling of opioid-induced respiratory depression with
manual ventilation, supplemental oxygen therapy, and antidote
administration. The other instructor facilitated the scenario and
focused on non-technical skills, such as communication, situational
awareness, decision making, and task management. Finally, both
instructors took part in the participant debriefing in order to clarify
and strengthen insights and lessons from the simulation [19]. Both
instructors were experienced and trained simulation instructors
with at least 1 year of education in anesthesiology.

2.4. Effect of educational program on knowledge

A one-group pretest—posttest design was applied. We evaluated
the effect of the EP with an electronic multiple choice questionnaire
(MCQ) test carried out immediately before and after completing
the EP. The evaluation was conducted in a controlled setting in a
room adjacent to the simulation area. The MCQ test contained 20
questions reflecting the contents of the EP program. Each correctly
answered question was given a score of 5 points, yielding a total
maximum score of 100 points. To evaluate the level of long-term
knowledge retention, we urged the participants to repeat the MCQ
test 4 months after the EP via an electronic access.

2.5. Statistical analysis

The primary outcomes of this study were: (1) the change in
theoretical knowledge in EP participants, as evaluated by MCQ
scores before and after completing the EP, and (2) the effect of
the intervention on patient care, evaluated as the proportion of
patients receiving analgesics (yes/no). The sample size was cal-
culated based on the results from another study which showed
that the proportion of patients receiving analgesics would increase
from 40% before the intervention to 60% after the educational inter-
vention, with an alpha level of 0.05 and power of 0.90 [11]. To
account for potential dropouts and the daily variation in ED visits,
14 days of observation were required to obtain a sufficient sample
size of approximately 100 patients before and after the educational
intervention. Secondary outcomes included opioid administration
(yes/no) to patients with NRS >5 at hospital arrival, the cumula-
tive morphine dose (oral equivalents), calculated as the sum of
equivalent doses of perioral morphine, intravenous morphine, and
tramadol [20], and the proportion of patients with clinically mean-
ingful pain relief (NRS decrease >2) during ED stay.

All statistical analyses were conducted using STATA version 13.1
(StataCorp, TX, USA). Categorical data are reported as numbers
(%) with 95% confidence intervals (CI), medians with interquar-
tile ranges (IQR) are reported for continuous skewed data, means
with CI are given for normally distributed data, and odds ratios
(OR) with CI when appropriate. A mixed model analysis of variance
(ANOVA) was applied to investigate MCQ scores among EP partic-
ipants as a response variable and time as an explanatory variable.
The assumptions of the model were tested by investigating scatter
plots of the residuals versus fitted values and quantile plots of the
residuals. A multivariat logistic regression model was used in order

100~
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Fig. 2. Results from the multiple choice test at different time points. Score: The
multiple choice questionnaire (MCQ) score: Each MCQ question correctly answered
is given a score of 5, yielding a total maximal score of 100. Time: Before intervention
(1), after intervention (2) and at follow-up (3). *For the null hypothesis of no overall
difference between MCQ scores over time.

to explore any potential difference in the rate of analgesics admin-
istered before and after the EP program. As this study was not a
randomized controlled trial, analyses were adjusted for potential
confounders, including pain severity at hospital arrival, age, sex,
chief complaint (abdominal, medical, orthopedic), hospitalization
(yes/no), weekend (yes/no), time of day (day, evening, night), and
crowding defined as occupancy rate above 100% for patients hospi-
talized in the ED or waiting time more than 1 h for patients treated
and discharged immediately. For all statistical analyses, missing
data were not treated as expected values and a 5% limit of signifi-
cance was applied.

3. Results

The results of the MCQ test are presented in Fig. 2. In total, 53
nurses and 14 residents participated in the EP (91% of all employees
in the ED who were invited to participate), and they all answered
the MCQ test before and after the educational intervention. At
follow-up 4 months after the educational intervention, 34 nurses
and 6 residents answered the MCQ test (55%). The median MCQ
scores for EP completers were 45 (IQR 35-50) before the interven-
tion, 80 (IQR 70-85) after the intervention, and 60 (IQR 55-75) at
the 4-month follow-up. There was an overall statistically signifi-
cant difference between the MCQ scores at the different time points
(P=0.0001). For pairwise comparisons, MCQ scores after the inter-
vention were higher compared with baseline scores [difference:
32.7 (C129.6-35.7), P=0.001], as were follow-up scores compared
with baseline scores [difference: 19.1 (CI 14.9-23.3), P=0.001].

The patient flow is presented in Fig. 3. Based on our exclusion
criteria, 222 patients were excluded from the analysis (107 patients
before and 115 after the EP intervention). Excluded and included
patients were similar in terms of age and sex. The prevalence of
moderate to severe pain (NRS >3) at hospital arrival was 43.0% (CI
39.2-47.5). Patients discharged directly from the ED (n=116) were
treated for contusions (27%), distortions (21%), and fractures (20%).
In ED hospitalized patients (n=131), frequent tentative diagnoses
were acute abdomen (27%), pyelonephritis or kidney stone (7%),
and miscellaneous fractures (7%).

After adjusting for potential confounders, there was no differ-
ence in the odds of receiving analgesics before and after the EP
program (Table 1). Also, there were no differences before and after
the EP program as regards opioid administration among patients
with NRS >5 [OR 2.02 (0.79-5.18)], cumulative oral morphine
[15mg (IQR 10-30) vs. 15 mg (IQR 12.5-30), P=0.5, and clinically
meaningful pain relief [0.81 (CI 0.45-1.44)].
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| 796 patients referred to the emergency department |

50 patients with incomplete data
17 patients without informed consent

| 574 patients screened for pain

| 155 patients unable to participate:

Trauma/acute medical or surgical (n=40)

. Neuropsychiatric disorder (n=14)
Confusion/unconcious (n=19)
Intoxication (n=23)

No Danish/English or no language
(n=10)
Other reasons (n=49)

303 patients had pain at arrival

| ’ 271 patients had no pain at arrival |

]

56 patients had NRS <3 |

| 247 patients NRS > 3 at arrival ‘

|

136 patients in the week before the EP intervention:
66 treated and discharged immediately
70 hospitalized in the

111 patients in the week after the EP intervention:

50 treated and discharged immediately
61 italized in the

Fig. 3. Flow chart for patients included in the study. NRS: numeric rating scale (0-10). EP: educational program.

Table 1
The odds of receiving analgesics before and after an educational intervention.

n=247 Analgesics administered, % (95% CI) Odds ratio (95% CI)
Crude Adjusted?

Period

Before EP 136 35.3(27.3-43.9) 1(reference) 1 (reference)

After EP 111 42.3(33.0-52.1) 1.35(0.80-2.25) 1.79(0.97-3.33)
Age, years

<40 97 37.1(27.5-47.5) 0.73(0.39-1.34) 0.87(0.43-1.80)

41-59 76 44.7 (33.3-56.6) 1 (reference) 1 (reference)

>60 74 33.8(23.2-45.7) 0.63(0.33-1.22) 0.53(0.24-1.19)
Sex

Female 138 38.4(30.3-47.1) 1(reference) 1 (reference)

Male 109 38.5(29.4-48.3) 1.01 (0.60-1.68) 1.08 (0.59-1.96)
NRS at hospital arrival® 247 - 1.41(1.20-1.64) 1.45(1.22-1.73)
Chief complaint

Abdominal 77 57.1(45.4-68.4) 1 (reference) 1 (reference)

Orthopedic 135 25.9(18.8-34.2) 0.26 (0.15-0.48) 0.31 (0.09-1.03)

Medical 35 45.7 (28.8-63.4) 0.63(0.28-1.41) 0.63(0.25-1.57)
Hospitalized

No 116 23.3(15.9-32.0) 1 (reference) 1 (reference)

Yes 131 51.9 (43.0-60.7) 3.56 (2.05-6.17) 1.71 (0.53-5.45)
Crowding®

No 140 36.4(28.5-45.0) 1 (reference) 1 (reference)

Yes 107 41.1(31.7-51.0) 1.22(0.73-2.04) 0.85(0.44-1.63)
Time of day (n=238)

08:00-15:59 125 36.8 (28.4-45.9) 1 (reference) 1 (reference)

16:00-23:59 86 38.4(28.1-49.5) 1.07 (0.61-1.88) 0.86 (0.43-1.73)

00:00-07:59 27 40.7 (22.4-61.2) 1.18 (0.50-2.77) 0.49 (0.17-1.41)
Weekend (n=246)

No 169 36.1(28.9-43.8) 1 (reference) 1 (reference)

Yes 77 44.2 (32.8-55.9) 1.40 (0.81-2.42) 2.79 (1.37-5.65)

EP, educational program. ®Mutually adjusted for the other variables in the table. PFor every unit increase in NRS score. ‘Crowding defined as occupancy rate above 100% for
patients hospitalized in the ED or waiting time more than 1 h for patients treated and discharged immediately.

4. Discussion

In this prospective study, we confirmed our first hypothesis that
nurses and residents increased their knowledge of pain manage-
ment in the ED after completion of a 2-h EP combining interactive
case-based e-learning with simulation-based training. However,
the study did not allow us to confirm our second hypothesis that
this knowledge was transferred into clinical practice.

Only a few other studies have investigated the impact of edu-
cation on pain management in the ED, and none of them have

used e-learning or simulation. Jackson found that educating 85
nurses in assessing, documenting, and treating pain in 302 elderly
patients with hip fracture did not increase the rate of analgesia
within 60 min [14]. Jones reported that 4h of conventional edu-
cation of resident physicians in pain management improved pain
score reductions and global satisfaction in a mixed population of
126 patients with acute pain [12]. Sucov et al. examined the effect
of conventional education at regular staff meetings and individ-
ual feedback on pain management of 1454 patients with isolated
extremity fractures in three different EDs. An adjusting multiple
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logistic regression found that patients admitted to hospital after
the intervention had 5 times the odds of receiving pain therapy
compared with patients admitted before the intervention [16].

A systematic review from 2014 found that 42 studies on
improvements of pain management in EDs varied widely in terms
of intervention, study population, inclusion period, and outcomes
reported. No firm conclusions could therefore be made as to which
type of intervention had the highest impact on clinical practice.
Most studies were multifaceted approaches involving implemen-
tation of pain scoring tools, pain management protocols, audits,
nurse-administered analgesia and/or reminders of administering
analgesia, with the majority of studies reporting some effect of
intervention [13]. For instance, a study by Decosterd and col-
leagues found that analgesic treatment, patient satisfaction, and
pain relief were higher in patients admitted to the ED after a
full-scale multifaceted implementation of new pain management
guidelines and thorough education of around 100 nurses and physi-
cians in Switzerland [11]. However, the study was biased due to its
single-center pre-/postinterventional design, convenient sampling
of patient data by one non-blinded investigator, and no attempt to
statistically adjust for potential confounders.

The strengths of our study were the immediate consecutive
sampling of patient data carried out by different research assistants
in order to reduce the risk of recall bias and missing data. The con-
secutive sampling of patient data also ensured a precise description
of the prevalence and causes of pain in our ED.

Our study also had shortcomings. First, the fact that we did
not use a multifaceted approach to improve acute pain manage-
ment may partially explain that we were unable to detect any
advances in clinical practice. The aim of this study was to evalu-
ate the effect of an educational intervention and not how several
adjustments and increased attention would impact clinical care.
However, it cannot be ruled out that many nurses and residents
considered their pain management as sufficient and therefore they
did not change behavior. Second, the physical presence of research
assistants during pain score collection might have increased the
patients’ awareness of pain, resulting in increased reporting to
healthcare providers. The reporting itself rather than the interven-
tion could thus have changed the behavior of healthcare providers.
Blinding of the research assistants and participating healthcare
providers is difficult in educational studies, so the risk of poten-
tial changes in patient care as a result of study awareness could
hardly have been avoided. We would have preferred to collect pain
scores from an electronic source without the physical presence
of research investigators in the ED. However, like in most other
departments, documentation of pain assessment and reassessment
after pain management are deficient and inconsistent in our depart-
ment, making it less useful for clinical or scientific matters [21].
Third, as for most other studies trying to improve ED pain manage-
ment, our study was not randomized [13]. Although we addressed
this problem by controlling for several potential confounders, it can
be argued that residual confounding remains an issue of concern.
Cluster-randomization of different EDs to different interventions
would be preferable, but results would remain difficult to inter-
pret as EDs differ in terms of treatment strategies, organizational
manners, and healthcare providers’ clinical competencies. Ran-
domization of employees to different interventions withinone ED is
also difficult due to the risk of dilution bias. These difficulties seem
to emphasize the challenges of educational science [13]. Fourth,
it can be argued that our short period of inclusion decreased the
chance of detecting any change of healthcare provider behavior. On
the other hand, a longer period of inclusion would have increased
the risk of bias due to secular variation and trends. Fifth, the evalu-
ation of our EP was not a validated international test, and therefore
these results should be cautiously interpreted. However, the test
simply tried to see if there were any changes in knowledge and

did not aim to investigate the magnitude of change or absolute
levels of knowledge. Last, using an actor in the simulation training
session could have affected our results if her way of expressing pain
was unrealistic or somehow varied between sessions. However, as
acute pain is a subjective sensation, a standardized scenario with a
computerized simulation doll would have been less realistic.

5. Conclusions and implications

In conclusion, we conducted a 2-h educational intervention
combining interactive case-based e-learning with simulation-
based training in an ED setting. The participation rate of the invited
nurses and residents was high, and their knowledge of pain man-
agement increased after completion of the program. However, we
were unable to detect any transfer of their new knowledge into
clinical practice. The negative findings reported in our study are
multifactorial and imply that behavioral change among healthcare
providers is complex, requiring repeated education, changes of atti-
tudes towards pain management, and modification of daily practice
adapted to the local environment as well as continuous support and
follow-up by department management. Future studies should com-
pare modern teaching such as our EP with conventional teaching
methods in order to justify one approach over another. In addition,
nurses and residents attitude towards pain management should
be explored and addressed. Lastly, future research should explore
how repeated education of healthcare providers would impact pain
management and in this context, the patient perspective such as
satisfaction and expectations should not be overlooked [22].
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