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Abstract

Background Drug-drug interactions (DDIs) are common but less concerning in clinical practice of time-sensitive
situations. We aimed to identify factors associated with a basic common DDI knowledge among an emergency
physician (EP), an emergency medicine resident (EMR), and an emergency care nurse (ECN).

Methods This was a prospective cross-sectional study. EP, EMR, and ECN did the examination (multiple-choice
questions, 40 points) about common DDI. Prespecified factors associated with examination scores were profession,
longer emergency medicine experience, pharmacological training, last advanced cardiovascular life support (ACLS)
training, DDI checker book, and application user experience. The outcome was an examination score to evaluate the
ability of DDI knowledge. Univariable and multivariable means regressions were used.

Results A total of 244 participants were enrolled. Factors associated with high examination score were EP
(unadjusted mean difference 3.3 points, 95% confidence interval [Cl] 2.1 to 4.5, p<0.001), EMR (2.1,95% Cl 0.7 to 3.5,
p 0.005) compared to ECN. Last ACLS training within 2 years (3.7,95% Cl 0.7 to 6.6, p 0.015), 2-4 years (3.4, 95% Cl 0.4
to 6.5, p 0.027), and >4 years (4.4,95% Cl 1.2 to 7.6, p 0.007) were higher score than no ACLS training. Moreover, the
DDI checker application experience user (1.7, 95% Cl 0.6 to 2.8, p 0.003) also had a high score compared to the non-
experienced user. After adjustment for all factors, EP (adjusted mean difference 3.3 points, 95% Cl 1.8 to 4.7, p<0.001),
EMR (2.5,95% Cl 0.6 to 4.3, p 0.010) were higher scores compared to ECN. Meanwhile, the last ACLS training >4 years
(3.3,95% Cl 0.1 to 6.6, p 0.042) was a higher score than no ACLS training.

Conclusion EP, EMR, and the last ACLS training >4 years were associated with higher DDI knowledge than ECN and
no ACLS training, respectively.
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Introduction

Drug-drug interactions (DDI) are common clinical prob-
lem and can occur in several different ways, including
pharmacokinetic and pharmacodynamics interactions.
[1-4] In 2020, the American Association of Poison Con-
trol Centers reported 18,988 DDI information requests
and 3,541 scenarios for therapeutic errors of medical
personnel caused by DDI.[5] The incidence of DDIs is
even more common in emergencies where the window
period is narrow and rapid access to therapy is essential.
[6] A recent observational study found up to 38% of pre-
scriptions written upon discharge from the Emergency
Department (ED) have at least one DDL[7] Several pre-
vious studies also reported high DDI in patients with
polypharmacy.[1, 8-13] Polypharmacy is common in
elderly patients due to treating previously multiple medi-
cal conditions. More than half of the hospitalized elderly
patients are exposed to at least one potential DDI, while
one-fifth suffers from at least one potentially severe DDIL.
[14] Also, the elderly patient is more at risk of having a
potential DDI than another age group in the ED due to
polypharmacy.[6] Pediatric patients who visited the ED
also suffer from DDIs, around 15% of which are severe.
[15].

In the ED, medical personnel often face time-sensitive
situations, and they may prescribe drugs to the patient
before a formal prescription is executed on the computer.
This practice bypasses the automatic DDI checker soft-
ware in the computer-based prescribing system, which
intends to help reduce basic common DDIs. Moreover,
some resource-limited EDs were no pharmacists avail-
able; they stored the emergency medication on their local
shelves for emergency patients. In this setting, pharma-
cists in the central pharmacy department in the hospital
could not recheck before the physicians used those medi-
cations for their patients. For this reason, basic com-
mon DDI knowledge among ED personnel is, thus, of
particular importance. However, few studies investigate
the knowledge of emergency personnel. Identification of
factors associated with that knowledge could be used to
tackle this problem and plan for future ED training in this
regard.

Our research question was which of the factors associ-
ated with a basic common drug-drug interaction (DDI)
knowledge among an emergency physician (EP), an
emergency medicine resident (EMR), and an emergency
care nurse (ECN). Therefore, the objective of this study
was to identify the factors associated with basic common
DDI knowledge among ED medical personnel, including
EP, EMR, and ECN.
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Methods

Study design and setting

This prospective cross-sectional study was conducted in
Thailand between June 11 and September 30, 2020. The
Research Ethical Committee of the Faculty of Medicine,
Chiang Mai University (No. 197/2020 on June 8, 2020)
approved this research protocol. We obtained informed
consent from all participants in the study. We followed
the strengthening the reporting of observational studies
in epidemiology (STROBE) statement recommendations.
[16] The study was carried out in accordance with ethical
guidelines of the Faculty of Medicine, Chiang Mai Uni-
versity. We prospectively registered this study on the Thai
Clinical Trials Registry (TCTR20200610005) on June 10,
2020. We have complied with the latest version of the
Declaration of Helsinki (2013).

Study population

EPs, EMRs, or ECNs who worked in a hospital in Thai-
land were invited to participate in this study voluntarily.
ECNs were registered nurses (RN), emergency nurses
(EN), and emergency nurse practitioners (ENP). RN,
ENs, and ENPs were nurses who cared for the patients in
the ED. Moreover, RNs passed a basic emergency medi-
cine short course. ENs passed an intermediate emergency
medicine course. ENPs were a specialist emergency
nurses who passed a full emergency medicine course for
the nurse.

Nurses have generally studied clinical pharmacology
emphasizing drug preparation and administration to a
patient. Meanwhile, physicians have studied emphasiz-
ing the indication and contraindication of each drug for
specific diseases. Because ECNs are inevitably involved
in drug preparation and administration, ECNs were
enrolled in this study to determine the ability of DDI
knowledge. In some emergencies, physicians may focus
on indications of drugs given to their patients leading to
less awareness of the risk of DDI. Although nurses can-
not authorize which drugs should be prescribed to their
patients, the ECN could be a key person to alert physi-
cians of potential DDIs in prescribing drugs, especially in
time-sensitive emergency circumstances.

Study conduct and data collection

An invitation message was sent through social media,
such as a specific social media group of emergency per-
sonnel. Recruitment via social media and an online
survey platform was used because this method could
effectively enroll personnel anywhere in Thailand. More-
over, the participant’s convenience in responding to this
survey could encourage them to complete it more than
the paper-based method. The study was introduced as
follows: “Importance: This research participant is only
for an emergency physician, an emergency medicine
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resident, or an emergency care nurse. If you are out
of the scope of this profession, please send this survey
to those you know! in an invitation message to ensure
the participant was the target profession. Participants
gave informed consent and answered the questionnaire
through a secure internet-based examination survey
using the Research Electronic Data Capture (REDCap)
platform.[17].

The survey consisted of baseline characteristics
(including potential factors) and multiple-choice ques-
tions (MCQs; 40 points) of DDI. If the survey was per-
formed multiple times by one individual, only the score
from the first time would be used for analysis. The score
was sent to each participant via email after the data col-
lection period.

Baseline characteristics included age, sex, academic
degree, academic position, academic year of EMR, ECN
level, emergency medicine experience, clinically phar-
macological or toxicological training (including the
time since the last completion or recertification of the
clinically pharmacological or toxicological training), the
advanced cardiovascular life support (ACLS) training
(including the time since the last ACLS training), prior
experience of DDI checker book and application use.

Prespecified factors in primary and secondary out-
comes were profession (EP, EMR, or ECN), emergency
medicine experience, clinically pharmacological or toxi-
cological training, last completed or recertified ACLS
training, prior experience of DDI checker book, and
application use. These factors were planned to use in
adjusting in multivariable analysis.

In ACLS course, some emergency drugs and their
DDIs were taught in this course. For example, adenosine
is prescribed to terminate supraventricular tachycardia,
which was taught in the ACLS course. Patients concur-
rently using theophylline may diminish adenosine’s ther-
apeutic effect as DDI, and a higher adenosine dose may
be required to achieve its therapeutic effect. Therefore,
medical personnel who recently passed the ACLS course
might remember this DDI.

A DDI checker book may be available in a medical
textbook, such as internal medicine, clinically pharma-
cological or toxicological textbook. Nowadays, a DDI
application or web-based checker is widely available.
However, the emergency personnel had a variety of gen-
erations of education. Some of them had utilized the
early version of the DDI checker available in the platform
as a book before it became an application or web-based
tool. This study’s objective was to include various gen-
erations of emergency personnel; therefore, DDI checker
book use experience was included as a factor even
though currently DDI is used as an application or web-
based checker.

(2022) 23:84

Page 3 of 11

The DDI questions were designed based on the clas-
sification of DDIs from the Lexicomp® Drug Interac-
tions database from Lexi-Interact®.[18] DDI risk rating
was classified into five levels: risk rating X (avoid com-
bination), risk rating D (consider therapy modification),
risk rating C (monitor therapy), risk rating B (no action
needed), and risk rating A (no known interaction). Forty
pairs of drugs were selected based on the chance to be
used concomitantly (eight pairs with risk rating X, seven
pairs with risk rating D, five pairs with risk rating C, and
twenty pairs with risk ratings B or A). The correct answer
is worth 1 point each, making the total score 40 points.
The proportion of questions regarding risk ratings B or
A to risk ratings X, D, or C was designed to be 1:1 (20:
[847+5]=20:20). The reason for grouping all risk rat-
ings into three choices in MCQ was easy to answer and
persuasion to complete all 40 MCQs. Internet-based
examination survey in this study was available in the sup-
plementary material.

Outcome measures

The primary outcome was the examination score of all-
risk ratings of common DDI from MCQs of the DDI
questions. Secondary outcomes focused on examination
scores of risk ratings X, D, and C. Moreover, we planned
to identify an academic year of EMR (the first, second,
and third residency years) associated with knowledge of
all-risk rating DDI as a subgroup analysis.

Sample size estimation

In biostatistics literature, a sample size of approximately
30 participants per variable has better power to detect a
small effect size in regression analysis.[19] In our study,
the sample size was also estimated by the formula as 30
participants per factor. With six prespecified factors, a
sample size of 180 participants was estimated. To achieve
20% missing or incomplete data, a sample size of 225 par-
ticipants was planned for enrollment.

Data analysis

Descriptive data were presented as a number, percent-
age, mean, median, standard deviation, and interquartile
range as appropriate. Categorical data were compared by
the chi-squared test or Fisher’s exact test, as appropri-
ate. Continuous data were compared by one-way analy-
sis of variance (ANOVA) or the Kruskal-Wallis test, as
appropriate. The Shapiro-Wilk test and data visualiza-
tion was used to determine normal distribution. Missing
data were planned to handle by the multiple imputation
method. Univariable (unadjusted) and multivariable
(adjusted) regression analyses of the means were used
to determine the association between characteristics,
prespecified factors and the knowledge score. The Stata
version 16 (Stata Corp LLC, College Station, Texas, USA)
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Fig. 1 Study flowchart

was used for statistical analysis. Statistical significance
was determined at p<0.05.

Results

A total of 244 participants were enrolled as 108 EPs
(44.3%), 56 EMRs (23%), and 80 ECNs (32.7%) (Fig. 1).
Most of them were females (62%), with a bachelor’s
degree (84%), and no academic position (86.9%). All
baseline characteristics differed among EP, EMR, and
ECN except for the number of years of last completed
or recertified ACLS training and the DDI checker book
use experience (Table 1). There were no missing data or
incomplete surveys.

For the primary outcome of all risk ratings, it was
found that EP and EMR had an examination score higher
than ECN (Table 2). No evidence of years of emergency
medicine experience and passing clinically pharmacolog-
ical or toxicological training affected the score. Partici-
pants who had previously completed or recertified ACLS
training for >4 years had the highest score compared to
participants who had never passed ACLS training before.
There was no evidence that previous DDI checker book
use experience affected the score (19.613.9 points in the
user group compared to 18.6+4.6 points in the never use
group, an unadjusted mean difference of 1 point, 95% CI
-0.2 to 2.2 points, p 0.108). Participants who used DDI
checker application had a higher score than those who

never used it (19.9 + 3.8 points in the user group com-
pared to 18.2 £ 4.6 points in the never use group, an
unadjusted mean difference of 1.7 points, 95% CI 0.6 to
2.8 points, p 0.003).

After using the multivariable regression, EP and EMR
still were higher scores than ECN. Participants who had
previously completed or recertified ACLS training for >4
years still had higher scores than participants who never
had. No evidence of years of emergency medicine experi-
ence, previous clinically pharmacological or toxicological
training, previous DDI checker book, or application use
affected the score.

For the secondary outcome of risk ratings X, D, and C,
it was found that no evidence of profession, emergency
medicine experience, previously clinically pharmacologi-
cal or toxicological training, last ACLS training, previ-
ously used DDI checker book, and application affected
the score (Table 3). After adjusting the influence of other
independent variables by using the multivariable regres-
sion, the results were unchanged.

Subgroup analysis showed the academic year of EMR
was not associated with scores (Table 4). The first, the
second, and the third academic year of EMR had the
examination score of all-risk rating DDI as follows 18.8
+3.5,20.9 + 3.9, and 18.2 + 4.8 points, respectively. The
mean difference between the second and first years of
EMR was 2.1 points (95% CI -1 to 5.2 points, p 0.177).
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Characteristics Overall Emergency Emergency Emergency p-val-
(n=244) physician medicine care nurse ue*
(n=108) resident (n=80)
(n=56)
Age - year? 32(28,36) 34 (32,37) 28 (27,30) 31(26,37) <0.001
Female — n (%) ° 152 (62) 62 (57) 30 (54) 60 (75) 0.014
Academic degree - n (%)
Bachelor's Degree 204 (84) 79 (73) 55 (98) 70 (88) <0.001
Master's Degree 32(13) 21 (19) 1(2) 10(12)
Doctoral Degree 8(3) 8(8) 0 0
Academic position — n (%)®
None 212 (86.9) 77 (71.3) 56 (100) 79 (99) <0.001
Lecturer 29(11.9) 29 (26.9) 0
Assistant professor 2(0.8) 2(1.9) 0
Associate professor 1(0.4) 0 1(1)
Academic year of an emergency medicine resident — n (%) b
First-year - - 17 (30.4) - <0.001
Second-year - - 14 (25) -
Third-year - - 25 (44.6) -
Emergency care nurse level — n (%) b
Registered nurse (RN) - - - 39 (49) <0.001
Emergency nurse practitioner (ENP) - - - 32 (40)
Emergency nurse (EN) - - - 9(11)
Emergency medicine experience - year 4(2,8) 55(3.5,10) 2(1,3) 7(3,11) <0.001
Clinically pharmacological or toxicological training — n (%) b 58 (23.8) 34 (31.5) 19 (33.9) 5(6.3) <0.001
Last completed or recertified clinically pharmacological or toxicological 2 (1, 3) 2(1,4) 101,1) 3(2,6) <0.001
training — year *¢
ACLS training - n (%) b 235(96.3) 108 (100) 55(98.2) 72 (90) 0.001
Last completed or recertified ACLS training — year ad 1(1,3) 15(1,3) 1(1,2) 1(1,3.5) 0.051
Drug-drug interaction checker book use experience - n (%) b 74 (30.3) 37 (34.3) 12(21.4) 25(31) 0232
Drug-drug interaction checker application use experience - n (%) b 97 (39.8) 60 (55.6) 30 (53.6) 7 (8.8) <0.001

Abbreviation: ACLS, advanced cardiovascular life support
* p-value<0.05 is statistically significant

@ Median (interquartile range) and the difference between groups were analyzed by Kruskal-Wallis test

b Differences between groups were analyzed by Fisher’s exact test

€Only participants who pass the clinically pharmacological or toxicological training were included in the analysis

4 Only participants who pass the ACLS training were included for analysis

The mean difference between the third and first years of
EMR was —0.6 points (95% CI -3.2 to 2.1 points, p 0.674).

As we need to demonstrate which profession tended to
answer with a higher risk rating than the correct answer,
a post hoc analysis was conducted and found that ECN
answered higher risk ratings than EP (unadjusted mean
difference 4.4 items, 95% CI 2.7 to 6 items, p<0.001).
There was no difference between EMR and EP (unad-
justed mean difference 0.9 items, 95% CI -0.9 to 2.8
items, p 0.314).

A post hoc analysis was performed in the subgroup of
EP and EMR to demonstrate the score between them of
all risk ratings. In univariable analysis, there was no dif-
ference in the score between EP (20.3 + 3.9 points) and
EMR (19 * 4.3 points) (unadjusted mean difference 1.3
points, 95% CI -0.1 to 2.6 points, p 0.062). Also, there
was no difference in the score in multivariable analysis

(adjusted mean difference 0.4 points, 95% CI -1.5 to 2.2
points, p 0.685).

Discussion

Our study found that influencing factors associated with
basic common DDI knowledge among ED medical per-
sonnel were EP, EMR, and the last ACLS training >4
years.

Ko et al. also reported that 42.7% of all drug combina-
tions were classified as DDI correctly by the prescriber.
[20] Similarly, our study found that EP had an average
score for all risk ratings of 20.3 points out of a total of 40
points (51%). Although EP, and EMR had a higher exami-
nation score than ECN, they had an examination score of
about half of the total score. It might be a major health
service problem concerning emergency medical person-
nel competency and might lead to an adverse event from
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Table 2 Primary outcomes: examination score of all-risk ratings of common drug-drug interactions
Variables Examination score of Unadjusted Adjusted
all-risk ratings (total of  Mean difference p-value* Mean difference  p-value*
40 points) ® (95% CI) (95% Cl)
Profession
Emergency physician (EP) 203+39 33 <0.001 33 <0.001
(21t045) (1.8t04.7)
Emergency medicine resident (EMR) 19+43 2.1 0.005 25 0.010
(0.7t0 3.5) (0.6t04.3)
Emergency care nurse (ECN) 17+44 Ref Ref
Emergency medicine experience
<2 years 189+43 Ref Ref
2-4 years 186 £45 -0.3 0.743 0.1 0.933
(-21t01.5) (1710 1.8)
>4 years 191 +44 0.2 0.808 0.2 0.864
(-14t0 1.8) (-1.7t02)
Clinically pharmacological or toxicologi-
cal training
Never training 19+42 Ref Ref
Ever training 187 £49 -0.2 0.713 -1.3 0.056
(-16to 1.1) (-26t00.1)
Last completed or recertified ACLS
training
Never training 153+4 Ref Ref
<2 years 19+ 4.1 37 0.015 2.2 0.153
(0.7t0 6.6) (-0.8t05.2)
2-4 years 188 £4.6 34 0.027 2 0.203
(04 t0 6.5) (-1.1t05.2)
> 4 years 19.7 £48 44 0.007 33 0.042
(1210 7.6) (0.1t06.6)
Drug-drug interaction checker book use
experience
Never use 186+4.6 Ref Ref
Ever use +39 1 0.108 1 0.116
(-02t022) (-02t022)
Drug-drug interaction checker applica-
tion use experience
Never use 182+4.6 Ref Ref
Ever use 19.9+38 1.7 0.003 0.5 0470
(0610 2.8) (-08t0 1.7)

Abbreviations: ACLS, advanced cardiovascular life support; Ref, reference; 95% Cl, 95% confidence interval

* p-value<0.05 is statistically significant

@ Mean + standard deviation and mean difference between groups were analyzed by regression analysis of means

potential DDIs. Therefore, we encourage setting up a
course to train about common DDI for the emergency
medical personnel similar to other essential life support
courses.

In the case of overall knowledge of all risk ratings of
common DDIs, we found that EP, and EMR had a higher
score than ECN. Our result differs from Ko et al., which
found that physician and nurse practice did not affect
DDI knowledge.[20] Warholak et al. found that medical
students and nurse students had no difference in the abil-
ity of DDIs.[21] However, the Ko et al. study participant
was a physician and nurse that was not subclassed as EP
and ECN.[20] Warholak et al. studied medical and nurse

students; therefore, those participants might differ from
our participants.[21].

On the other hand, no evidence of difference among
EP, EMR, and ECN in risk ratings X, D, and C. Physicians
may focus on indications in emergency conditions of
patients without awareness of drug pairs at risk of mod-
erate to severe DDIs. While for ECNs, those involved in
drug preparation and administration may be aware of
drugs with moderate to severe DDIs, as well as high-alert
drugs. However, no study demonstrated that physicians
or nurses were more aware of DDI. Therefore, for the
training of DDIs to physicians and nurses, there should
be an emphasis on DDI at risk ratings X, D, and C.
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Table 3 Secondary outcomes: examination score of risk ratings X, D, and C of common drug-drug interactions
Variables Examination score of risk Unadjusted Adjusted
ratings X, D and C (total of  Mean differ- p-value* Mean differ- p-val-
20 points) ® ence (95% Cl) ence (95% Cl) ue*
Profession
Emergency physician (EP) 6.7+23 -0.2 0.571 -0.3 0.516
(-09t00.5) (-1.1t0 0.6)
Emergency medicine resident (EMR) 6.3 £ 2.1 -06 0.133 -09 0.117
(-1.5t002) (-20t00.2)
Emergency care nurse (ECN) 69+27 Ref Ref
Emergency medicine experience
<2 years 70+18 Ref Ref
2-4 years 65+24 -0.5 0332 -0.7 0.155
(-1.51t00.5) (-1.8t00.3)
> 4 years 6.7+£25 -0.3 0.558 -08 0.147
(-1.2t0 0.6) (-19t00.3)
Clinically pharmacological or toxicologi-
cal training
Never training 6.8+24 Ref Ref
Ever training 64£23 -04 0.221 -0.3 0.367
(-1.2t00.3) (-1.1t0 04)
Last completed or recertified ACLS
training
Never training 6.8+3.7 Ref Ref
<2years 66+22 -0.2 0.796 04 0.662
(-1.8to14) (-14t02.1)
2-4 years 68+23 0.1 0.950 09 0.349
(-16t01.7) (-1.0t0 2.7)
> 4 years 68+2.7 0 0.987 0.5 0.584
(-1.8t01.7) (-13t024)
Drug-drug interaction checker book
use experience
Never use 6.5+24 Ref Ref
Ever use 70+£23 0.5 0.168 0.5 0.161
(-02to 1.1) (-02t0 1.2)
Drug-drug interaction checker applica-
tion use experience
Never use 6.7+25 Ref Ref
Ever use 6.7£23 0.1 0.827 0.1 0.706
(-06t00.7) (-0.6t0 0.9)

Abbreviations: ACLS, advanced cardiovascular life support; Ref, reference; 95% Cl, 95% confidence interval

* p-value<0.05 is statistically significant

@ Mean + standard deviation and mean difference between groups were analyzed by regression analysis of means

Another hypothesis was that the ECN tended to answer
drug pairs as higher risk ratings leading to a higher score.
From our post-hoc analysis, ECN tended to answer with
a higher risk rating than EP. However, this could be a
practical advantage. When a nurse was unsure or men-
tioned as having a higher risk rating, a DDI checker may
be used or alert the physician to recheck for DDIs.

The DDI knowledge between EP and EMR was not dif-
ferent in our post hoc analysis. Similarly, Yuan et al. con-
ducted an online DDI survey focused on physicians and
reported that physicians had an unsatisfactory knowl-
edge level about clinically significant DDI (correctly clas-
sified 33.4% of DDIs).[22] Also, Nabovati et al. found that

medical residents of 22 specialties correctly classified the
DDI as only 41%.[23] Thus, medical education about DDI
since undergraduate degree and residency training could
be essential, including introducing an accessible elec-
tronic DDI database that might help physicians recognize
DDI before prescribing medication to their patients.

A pharmacist, one of the specialists integrated into
multidisciplinary teams, might be crucial in decreas-
ing DDI incidents and can contribute to the DDI train-
ing of emergency professionals. If possible, we suggest
caring for all patients in the ED with a multidisciplinary
team, including a pharmacist combined with DDI screen-
ing software.[24] If the pharmacist recognizes any risk
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Table 4 Secondary outcomes: subgroup analysis of an
academic year of emergency medicine residency associated with
examination scores

Variables Examination Unadjusted
score of all-risk Mean p-val-

ratings (total of 40 difference ue*

points) ® (95% CI)
Academic year of an emer-
gency medicine resident
(N=56)
First year (n=17) 188+ 3.5 Ref
Second year (n=14) b 209+39 2.1 0177
(-1t05.2)
Third year (n=25) © 182+48 -0.6 0.674
(-(32t02.1)

Abbreviations: Ref, reference; 95% Cl, 95% confidence interval
* p-value<0.05 is statistically significant

? Mean * standard deviation and mean difference between groups were
analyzed by regression analysis of means

b Power-back calculations between the first year and the second year emergency
medicine resident were analyzed and showed power as 0.33

€ Power-back calculations between the first year and the third year emergency
medicine resident were analyzed and showed power as 0.07

ratings of DDIs, the emergency physician and the nurse
in the ED should be informed to reconsider the concur-
rent medications prescribed to the patient. However, the
pharmacist might not always be available in the ED, such
as in small hospitals or some hospitals in a developing
country. This circumstance is a limitation of the ED in
our hospital.

The number of years of emergency medicine experi-
ence did not affect knowledge. Even though working in
the ED for a long time still unawareness of the DDI did
not impact the score. Ko et al. also found that experi-
ence in prescribing medicines did not affect DDI knowl-
edge.[20] Therefore, all ED personnel should attend this
training regardless of their years of emergency medicine
experience.

Most of clinically pharmacological or toxicological
training in which emergency personnel participated were
short-course style, teaching regarding drug overdose or
substance abuse rather than DDIs.[25] Therefore, previ-
ous clinically pharmacological or toxicological training
did not influenced DDI knowledge in our study. Owing to
the importance of DDI knowledge, we encourage adding
the DDI class into the clinically pharmacological or toxi-
cological short course training.

In cases of the univariable analysis of all risk ratings,
we found that the tendency of the longer last ACLS train-
ing, the higher score. However, in the analysis with the
multivariable analysis to adjust for other factors, includ-
ing emergency medicine experience, the only partici-
pant with the last ACLS training>4 years was related
to a higher score. We believe that this could be from
more experience in other medical fields regardless of
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emergency medicine experience. Further study might be
conducted to explore the effect of subspecialty or other
medical areas on ED personnel. There are two types of
certificates for ACLS courses: ACLS provider (student
certificate) and ACLS instructor certificate. The ACLS
provider certificate should be renewed every two years.
In general, ACLS instructors were certified as ACLS pro-
viders several times for several years. In addition, they
would not require completing formal ACLS provider
courses again because teaching ACLS provider courses
within specific requirement numbers could be enough for
automatic renewal. As a result of the overlapping of par-
ticipants who have prior last ACLS provider training>4
years and participants who have ACLS instructor cer-
tificate, ACLS instructor might be answered (in our sur-
vey) the last ACLS training as their last ACLS provider
instead of the last teaching in ACLS provider course.
Therefore, experience in ACLS (ACLS instructor) might
affect the DDIs knowledge. As our limitation, we could
not differentiate their last status whether ACLS provider
(need to participate in formal ACLS provider renewal
course every two years) or ACLS instructor (unnecessary
to participate in formal ACLS provider renewal course
every two years). Further study should address this issue.

In the case of risk ratings X, D, and C, the last ACLS
training did not affect the score. All of this may result
from the ACLS training course not providing in-depth
content on DDI topics, especially those with high-risk
DDlIs.

DDI checker book and application user experience did
not affect the score whether all risk ratings or risk rat-
ings X, D, and C by multivariable analysis. We believe
that there are many DDIs in the ED making it difficult to
remember to use them in a later decision in clinical prac-
tice. Although they can remember the results of having
DDIs, they may not remember which risk rating it is.

Subgroup analysis of the academic year of EMR was
not associated with examination scores, which may result
from EMR training does not emphasize DDI training.
However, when performing a post-hoc power-back cal-
culation, it was found that the low power of statistics to
detect differences was caused by a small number of par-
ticipants in each group. DDI training should be a concern
and added to the curriculum for improvement of the
EMR training curriculum.

Emergency personnel should recognize the potential
DDI in elderly patients who use multiple medications.
Lin et al. reported that the prevalence of DDIs increased
with age and the number of prescribed medications.[10]
DDI might result from age-related physiological changes
that alter pharmacokinetics and drug metabolism that
could interact with other drugs. For example, renal blood
flow and glomerular filtration rate were decreased in
elderly patients leading to the impaired renal elimination
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of drugs such as lithium, insulin, atenolol, and hydrochlo-
rothiazide.[26].

Limitations

Our study has some limitations. First, the risk rating of
DDI used in the DDI question was one of the many types
of DDI risk rating classification. In our study, we used
DDI risk rating classification of five levels: risk rating
X (avoid combination), risk rating D (consider therapy
modification), risk rating C (monitor therapy), risk rating
B (no action needed), and risk rating A (no known inter-
action).[18] The Drug Interaction Foundation developed
the “OpeRational ClassificAtion of drug interactions
(ORCA) system” for classifying drug interactions into five
classes: contraindicated, provisionally contraindicated,
conditional, minimal risk, and no interaction.[27] In the
“Drugs.com” database, there are four levels of DDI classi-
fication: major (high clinical significance, and avoid com-
binations), moderate (usually avoid combinations or use
only under special circumstances), minor (consider an
alternative drug), and unknown (no interaction informa-
tion available).[28] The Drug Interaction Facts classifies
three categories of severity of DDI (major, moderate, and
minor), five categories of the degree of documentation
(established, probable, suspected, possible, and unlikely),
and a significance of 1-5 to each interaction.[29] The
Micromedex Drug-Reax System classifies three catego-
ries of severity of DDI (major, moderate, and minor) and
five categories of the degree of documentation (excellent,
good, fair, poor, and unlikely).[29] Using railway traffic
signals, Ferner et al. proposed three categories of poten-
tial harm as red (danger: do not prescribe), double amber
(danger ahead: act to avoid the danger), and amber (pos-
sible harm: be aware and make patient aware of potential
danger).[29, 30] The participant may be aware of DDIs
but may not be familiar with the risk rating classification,
influencing the score. Further study should use risk rating
comparisons of multiple risk rating classifications.

Second, the participant might use a DDI checker
book or application to help them answer the examina-
tion through the internet-based examination survey.
Although we asked them to avoid using a DDI checker
book or application during the trial, the cheating might
not be eliminated. A further study may be designed by
providing in-class testing to control the examination
environment.

Third, we could not estimate the exact response rate of
this internet-based examination survey because we dis-
seminated an invitation message through social media as
a limitation of this method. The target participant found
the link to this survey and answered it themselves. We
could not provide how many surveys were sent out, thus
unable to calculate the exact response rate. In addition, it
could not be completely assured that the respondent was
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the target population. However, recruitment via social
media with an online survey platform was a convenient
method to enroll emergency personnel widely anywhere
in real-world situations. Moreover, we sent an invita-
tion message through the specific emergency personnel
social media group to ensure the respondent was the tar-
get population. In a disseminated invitation message, we
emphasized that this survey was only for an emergency
physician, an emergency medicine resident, or an emer-
gency care nurse. Thus, we believed that all respondents
were a target population. In further research, it may use
another method, such as spreading the survey through
institutional links or email accounts.

Fourth, as a subgroup analysis of an academic year of
EMR, which may be due to the small number of EMR in
each group. Therefore, further study might use in the for-
mal EMR training formative examination nationwide.

Fifth, our participant was personnel in only one coun-
try. However, we recruited participants from many
regions of our country who graduated from various med-
ical and nursing schools. Medical education might vary
country by country; perhaps those in other countries may
have higher or lower knowledge. Thus, an international
survey should be performed.

Sixth, details of the course type of clinically pharmaco-
logical or toxicological training were not recorded. This
data might help determine how depth of the pharmaco-
logical knowledge in that course. Further research should
concern with this issue.

Conclusion

Factors associated with a high examination score of basic
common DDI knowledge among ED personnel were EP,
EMR, and the last ACLS training >4 years compared to
ECN and no ACLS training, respectively. Factors associ-
ated with advanced DDI knowledge among ED personnel
might be further investigated.
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