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Purpose: The purpose of this study was to evaluate the incidence of the administration of 
potentially inappropriate medications (PIMs) and the potential drug–drug interactions 
(pDDIs) in older patients in emergency departments (EDs) over a 12-month period and to 
identify the factors associated with the administration of PIMs.
Patients and Methods: This retrospective study was conducted using the electronic 
medical records from two university-affiliated teaching hospitals in South Korea. ED visit 
cases of patients aged 65 and older from January 1, 2013, to December 31, 2013, were 
included in the analysis. Among the medications administered in ED, PIMs or pDDIs were 
identified using a drug utilization review program available in Korea.
Results: During the study period, a total of 13,002 ED visit cases were reported from 10,686 
patients. The proportion of ED visit cases with any PIM was 79.2% and the average number of 
PIMs was 2.7 (range, 1–17). The most commonly administered PIMs that were contraindicated 
or should have been used with caution were ketorolac (41.3%) and metoclopramide (10.3%), 
respectively. Multivariate regression analysis indicated that female patients (p = 0.012), patients 
with more than six drugs in the ED (p < 0.001), and visits longer than 300 minutes (p = 0.026) 
were significantly associated with PIM administration in the ED. Potential DDIs between the 
medications administered in EDs were observed in 20.5% of total visit cases, with ketorolac 
being the most frequently reported drug in contraindicated drug combinations.
Conclusion: This study demonstrated a high incidence of the administration of PIMs and 
medications with pDDIs in older patients in EDs and revealed the characteristics that are 
significantly associated with an increased risk of PIM administration. Healthcare providers in 
EDs should consider the risk of administering PIMs or medications with pDDIs, especially 
when treating older patients.
Keywords: emergency department, older adults, potentially inappropriate medications, 
drug–drug interactions, drug utilization review

Introduction
The emergency department (ED), the place to institute the immediate medical care 
of patients with acute illness or injury, is at the intersection between inpatient and 
outpatient care and can have a meaningful impact on patients’ conditions.1–3 

However, EDs are of increasing concern as high-risk environments for potentially 
inappropriate medication (PIM) use and adverse drug events. Certain characteristics 
of EDs such as patients overcrowding, a lack of skilled workers, and the high 
turnover of admitted or discharged patients can hinder the provision of optimal 
emergency care services.4,5
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As the aging of society accelerates, the older adults 
aged 65 and over account for the largest and fastest grow-
ing age group of patients visiting EDs. The proportion of 
visits by older patients to EDs was reported as 24% in 
Italy, 31% in Spain, and 22% in the United States.6–8 In 
Korea, the rate of admission to EDs by older patients has 
risen from 15.2% in 2005 to 23.9% in 2016.9 Because 
older adults are sensitive to medicines, the administration 
of PIMs can lead to adverse drug events, which can have 
serious medical and safety consequences especially for 
older adults.10 Moreover, the side effects of these drugs 
can cause problems long after administration, as many 
drugs have a longer half-life in the older adults than in 
younger age people due to changes in pharmacokinetic 
parameters with aging.11 Some previous studies have 
shown that exposure to PIMs or potential drug–drug inter-
actions (pDDIs) was associated with an increased risk of 
re-hospitalization and unplanned hospitalization in the 
older adults.12–14 Therefore, the need for and importance 
of appropriate medication use for the older adults visiting 
EDs should be particularly emphasized.

Potentially inappropriate prescriptions have been well 
studied in both nursing home and community-dwelling 
older adult settings. However, less is known about it for 
older patients visiting EDs. Therefore, the purposes of this 
study were to determine the incidence and characteristics 
of PIM use and pDDIs and to identify the factors related to 
PIM administration, with a particular focus on the older 
patients visiting EDs.

Patients and Methods
Study Population and Data Collection
This retrospective study was conducted from January to 
December 2013 at two university-affiliated teaching hos-
pitals in South Korea. Of the patients who visited the EDs 
in 2013, those aged 65 years and older were included in 
this study. Patient demographic information and visit char-
acteristics to the EDs were collected from each hospital’s 
electronic medical records (EMRs). These included the 
patient’s age, sex, diagnosis in the ED (ICD-10 code), 
the medications administered in the ED (brand name, 
ingredient, ATC code), their length of ED stay, and con-
dition after discharge from the ED. Information about the 
medications that were administered in the ED was pre-
pared by checking the actual dosing time on the EMR, not 
simply the physician’s order list. To protect the privacy of 
the patients involved, all data were encoded and protected. 

This study was conducted with the approval of the 
Institutional Review Board of Kyung Hee University 
Hospital at Gangdong (IRB No. 2014-08-003) and 
Gangneung Asan Hospital (IRB No. 2014–046) in accor-
dance with the Declaration of Helsinki. The requirement 
for informed consent was waived due to the retrospective 
nature of the study.

Evaluation of PIMs and pDDIs
Potentially inappropriate medications and pDDIs in the 
older adults were identified using a commercially available 
drug utilization review (DUR) database program in Korea 
(DIKPlus, FirstDIS Ltd, Seoul, Korea). This DUR pro-
gram provides information on drug–drug interactions, con-
traindications, and precautions for special population 
groups such as older adults, children, as well as pregnant 
and breastfeeding women. For PIMs and pDDIs in older 
adults, the database was developed by reviewing the Beers 
Criteria of the American Geriatric Society and the list of 
drugs to be used with caution in older patients which is 
provided by the Korea Food and Drug Administration. In 
addition, product package inserts, US Hospital Preparation 
Service (AHFS) medication information, Merck manual, 
US Food and Drug Administration MedWatch and Health 
Canada were reviewed. Based on these databases, this 
DUR program classified PIMs in older patients into two 
groups according to their severity: contraindications 
(severity level II) and precautions (severity level I). 
Potential DDIs were classified into three groups: contra-
indications (severity level III), severe interactions requir-
ing treatment modification (severity level II), and 
moderate interactions requiring careful monitoring (sever-
ity level I).

In this study, medications that are inappropriate only at 
a specific dose, duration of administration, or comorbid 
conditions were not included because this information 
could not be identified. Therefore, the PIMs and pDDIs 
considered in this study were those listed on the references 
regardless of diagnosis or condition.

Statistical Analysis
All the statistical analysis was performed on an ED visit, 
rather than patient case basis. Categorical variables were 
summarized as values and percentages, and continuous 
variables were presented as medians and ranges. To under-
stand the characteristics of the medications administered in 
ED, a descriptive analysis was performed. Multivariate 
logistic regression analysis was used to identify the 
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predictors of PIM administration. For each ED visit case, 
the independent variables in the regression model included 
patient characteristics, such as sex and age, and visit 
characteristics, such as the number of medications admi-
nistered and the length of stay. The dependent variable was 
the PIM occurrence. Two-sided P-values less than 0.05 
were considered as statistically significant. All analyses 
were performed using SAS.

Results
Characteristics of the ED Visit Cases
Table 1 shows the overall characteristics of the ED visit 
cases. During the study period, a total of 13,002 ED visit 
cases by 10,686 patients were reported. Some patients 
had visited the ED more than once (range, 1–18). The 
median age for the ED visit cases was 74 years (range, 
65–104 years). Out of the total cases, 6094 (46.9%) were 
male and 6908 (53.1%) were female. The median number 
of diagnoses and medications administered in EDs was 1 
(range, 1–3) and 5 (range, 1–55), respectively. The five 
most common diseases diagnosed in EDs were “Cerebral 
infarction, unspecified” (545, 4.2%), “Dizziness and gid-
diness” (463, 3.6%), “Gastroenteritis and colitis of 
unspecified origin” (336, 2.6%), “Pneumonia, unspeci-
fied” (318, 2.5%) and “Unspecified abdominal pain” 
(204, 1.6%) (Supplementary Table S1). The average 
length of ED stay was 196 minutes (range, 1–2208 min-
utes). After the ED visit, there were 6698 cases of hos-
pitalizations (51.5%) and 6154 cases of 
discharge (47.4%).

Analysis of PIM Use
Of the total ED visit cases, 10,291 (79.2%) contained at 
least one PIM in their ED administered medication. 
Between the visit cases with PIMs and those without 
them, there were significant differences in sex, age, num-
ber of medications administered, length of ED stay, and 
post-discharge status (Table 1).

Of the visit cases with at least one PIM, the average 
number of PIMs administered in ED was 2.7 (range, 
1–17). A total of 7355 (71.5%) visits received ≥2 PIMs, 
and 4584 (44.5%) visits received ≥3 PIMs. There were 
303 (2.9%) visit cases with only PIMs of severity II (con-
traindications) and 8125 (79.0%) visit cases with only 
PIMs of severity I (precautions). Moreover, 1863 
(18.1%) visit cases had PIMs of both severities I and II 
(Table 2).

In this study, 22 and 219 PIMs corresponding to sever-
ity II and I were administered 2615 and 25,343 times, 
respectively. The five most commonly administered med-
ications are listed in Table 3. The administered PIMs 
corresponding to severity II in order of the most common 
were ketorolac (1081, 41.3%), chlorpheniramine (615, 
23.5%), midazolam (236, 9.0%), diazepam (197, 7.5%), 
and triprolidine/pseudoephedrine (114, 4.4%). These five 
medications accounted for 85.8% of all the severity level 
II PIMs. Other medications, including methocarbamol, 
nifedipine (short-acting), amitriptyline, bisacodyl, and pir-
oxicam accounted for a smaller percentage of the total 
PIMs (Supplementary Table S2). When analyzed in the 
same way, the administered PIMs corresponding to sever-
ity level I in order of the most common were metoclopra-
mide (2606, 10.3%), famotidine (2312, 9.1%), tramadol 
(1822, 7.2%), acetaminophen (1269, 5.0%) and nitrogly-
cerine (981, 3.9%). These five medications accounted for 
35.5% of all the severity level I PIMs. Other medications 
such as aspirin, heparin, ranitidine, furosemide, fluoroqui-
nolones (ciprofloxacin, levofloxacin), and opioids (pethi-
dine, fentanyl, morphine) followed (Supplementary 
Table S3).

The results of the multivariate logistic regression ana-
lysis are noted in Table 4. They indicated that female 
patients were more associated with increased risk of PIM 
administration than male patients, and this difference was 
significant [OR 1.13 (1.03–1.23), p = 0.012]. The visits 
associated with administered medications numbering six to 
seven and eight or more had higher risks of PIM admin-
istration when compared to the control [OR 16.42 (12.-
85–21.00), p < 0.001; OR 36.23 (26.21–50.09), p < 0.001; 
respectively] (Figure 1). It was found that the length of ED 
stay of more than 300 minutes had a significantly higher 
risk of PIM administration than the control [1.15 (1.02–-
1.29), p = 0.026]. However, those aged between 75 and 84 
were significantly associated with a decreasing odds ratio 
of PIM administration [OR 0.88 (0.79–0.97), p = 0.008].

Analysis of pDDIs
During the study period, pDDI between the medications 
administered in ED was observed in 2668 visit cases 
(20.5% of the total visit cases). Potential DDIs correspond-
ing to severity III (contraindications), severity II (severe 
interactions), and severity I (moderate interactions) were 
reported from 161 visits (1.2%), 607 visits (4.7%), and 
1900 visits (14.6%), respectively. The five most commonly 
administered medication combinations with respect to the 
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three severity levels are listed in Table 5. The medication 
combinations corresponding to severity III were in the order 
of the most common ketorolac-aceclofenac (61, 37.9%), 
ketorolac-celecoxib (32, 19.9%), ketorolac-ibuprofen (20, 
12.4%), levofloxacin-amiodarone (12, 7.5%), and esome-
prazole-clopidogrel (10, 6.2%). These five combinations 
accounted for 83.9% of all the severity level III pDDIs 
(Supplementary Table S4). When analyzed in the same 
way, the medication combinations corresponding to severity 
II were in the order of the most common aspirin-heparin 
(424, 69.9%), levofloxacin-human insulin (31, 5.1%), cipro-
floxacin-human insulin (17, 2.8%), amiodarone-diltiazem 
(13, 2.1%), and amitriptyline-acetaminophen/tramadol (13, 
2.1%), and those corresponding to severity I were in the 
order of the most common aspirin-clopidogrel (510, 
26.8%), heparin-clopidogrel (346, 18.2%), atorvastatin- 
clopidogrel (181, 9.5%), furosemide-candesartan (73, 
3.8%), and levofloxacin-budesonide (47, 2.5%) 
(Supplementary Table S5 and S6).

Discussion
To the best of our knowledge, this is the first DUR study to 
focus on the appropriateness of the drugs administered in 

Table 1 Characteristics of the ED Visit Cases

Characteristics, 
No. (%)

Total 
Visit

Visit 
with 
PIMsa

Visit 
without 
PIMa

P-value

No. of visits 13,002 

(100.0)

10,291 

(79.1)

2711 

(20.9)

-

Sex

Male 6094 

(46.9)

4776 

(46.4)

1318 

(48.6)

0.040

Female 6908 

(53.1)

5515 

(53.6)

1393 

(51.4)

Age (year)

65–74 6569 
(50.5)

5274 
(51.2)

1295 
(47.8)

0.005

75–84 4891 

(37.6)

3816 

(37.1)

1075 

(39.7)
≥ 85 1542 

(11.9)

1201 

(11.7)

341 (12.6)

No. of diagnoses in ED

1 12,484 
(96.0)

9888 
(96.1)

2596 
(95.8)

0.440

≥ 2 518 

(4.0)

403 (3.9) 115 (4.2)

No. of medications administered in ED

1–5 7827 

(60.2)

5222 

(50.7)

2605 

(96.1)

< 0.001

6–7 2324 
(17.9)

2256 
(21.9)

68 (2.5)

≥ 8 2851 

(21.9)

2813 

(27.3)

38 (1.4)

Length of ED stay (minutes)

1–196 6533 

(50.2)

5065 

(49.2)

1468 

(54.1)

< 0.001

197–299 3235 
(24.9)

2528 
(24.6)

707 (26.1)

≥ 300 3234 

(24.9)

2698 

(26.2)

536 (19.8)

Condition after ED visit

Hospitalization 6698 

(51.5)

5439 

(52.9)

1259 

(46.4)

< 0.001

Home 6154 
(47.4)

4714 
(45.8)

1440 
(53.1)

Death 121 

(0.9)

116 (1.1) 5 (0.2)

Not assessed 29 (0.2) 22 (0.2) 7 (0.3)

Note: aEach percentage was calculated out of the total number of corresponding 
visits. 
Abbreviations: ED, emergency department; PIM, potentially inappropriate 
medication.

Table 2 Incidence of Visit Cases with PIM

Severity 
Level

No. of Visit with 
PIMs (%)

No. of PIMs Administered, 
Average (Range)

II only 303 (2.9) 1.2 (1–4)

I only 8125 (79.0) 2.5 (1–16)

II and I 1863 (18.1) 4.2 (2–17)

Abbreviation: PIM, potentially inappropriate medication.

Table 3 Top 5 Ranked PIMs

Severity Level Medication n (%)a

Severity II: 
Contraindications

Ketorolac 1081 (41.3)

Chlorpheniramine 615 (23.5)
Midazolam 236 (9.0)

Diazepam 197 (7.5)

Triprolidine/ 
pseudoephedrine

114 (4.4)

Severity I: 
Precautions

Metoclopramide 2606 (10.3)

Famotidine 2312 (9.1)

Tramadol 1822 (7.2)
Acetaminophen 1269 (5.0)

Nitroglycerine 981 (3.9)

Note: aEach percentage was calculated out of the total number of administration at 
each severity level. 
Abbreviation: PIM, potentially inappropriate medication.
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EDs to older Korean patients. There have been a few 
studies that have evaluated PIMs in older patients in 
Korea, but all of them were conducted in outpatient set-
tings or long-term care facilities.15–19 This study observed 
that, of the total ED visit cases by older patients, 79.2% 
and 20.5% involved at least one PIM and pDDI in the 
medications administered in ED, respectively. The inde-
pendent variables of sex, the number of medications admi-
nistered in ED, and the length of ED stay were 
significantly associated with PIM administration.

The overall incidence of PIM administration detected 
in this study (79.2%) was higher than previous large-scale 
studies conducted in Western and Asian countries using 
ED data (15% to 53%).10,20–23 Although Harrison et al 
reported that 76% of study patients received at least one 
prescription with PIM according to Beers criteria, the total 
sample size of their study was small (n = 400).24 The high 
incidence of the administration of PIMs in this study could 
be principally explained by the DUR program used in this 
study, which contains more country-specific medications 
than the Beers Criteria primarily used in the previous 
studies. The Beers Criteria has been used to warn of PIM 

in older patients for a long time, but it is difficult to apply 
equally to all countries since the available medications and 
prescription preferences vary by country. In support of this 
view, Chang et al confirmed that large differences of PIM 
incidence among older patients in EDs in their study using 
the Taiwan National Health Insurance Research Database 
corresponded to differences between country-specific and 
country non-specific PIM criteria, and they emphasized the 
importance of establishing country-specific PIM criteria as 
references for clinical practice in EDs.22

In this study, the frequently administered PIMs corre-
sponding to severity II (contraindication) were usually 
symptom relief drugs including ketorolac, chlorphenira-
mine, benzodiazepines such as midazolam and diazepam, 
and triprolidine/pseudoephedrine. These results are similar 
to previous studies.10,21–23 Ketorolac is known to cause 
gastrointestinal toxicity, and chlorpheniramine may cause 
sedation and urinary retention due to its anticholinergic 
activity in the older adults. Benzodiazepines have 
a sedative effect, and there is a risk of hypotension or 
paradoxical reactions in the older adults. The current 
study found that each of the five most frequently 

Table 4 Crude and Adjusted Odds Ratios for Factors Influencing PIM Administration

Characteristics Crude Model Adjusted Model

OR (95% CI) P-value OR (95% CI) P-value

Sex

Male 1.00 (Reference) 1.00 (Reference)

Female 1.09 (1.004–1.19) 0.041 1.13 (1.03–1.23) 0.012

Age (years)

65–74 1.00 (Reference) 1.00 (Reference)
75–84 0.87 (0.80–0.96) 0.003 0.88 (0.79–0.97) 0.008

≥ 85 0.87 (0.76–0.99) 0.035 0.87 (0.75–1.002) 0.053

p-for trend 0.004 0.007

No. of medications administered in ED

1–5 1.00 (Reference) 1.00 (Reference)

6–7 16.55 (12.94–21.16) < 0.001 16.42 (12.85–21.00) < 0.001

≥ 8 36.9 (26.71–50.99) < 0.001 36.23 (26.21–50.09) < 0.001
p-for trend < 0.001 < 0.001

Length of ED stay (minutes)

1–196 1.00 (Reference) 1.00 (Reference)
197–299 1.04 (0.94–1.15) 0.491 1.01 (0.90–1.12) 0.903

≥ 300 1.46 (1.31–1.63) < 0.001 1.15 (1.02–1.29) 0.026

p-for trend < 0.001 0.029

Abbreviations: ED, emergency department; PIM, potentially inappropriate medication.
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administered medications of severity II and I accounted for 
85.8% and 35.5% of their total PIMs, respectively. 
Therefore, it would be very beneficial to encourage ED 
doctors to consider the risk–benefit ratio before prescrib-
ing particularly these drugs, to older patients in ED.

The multivariate logistic regression analysis in this 
study identified female patients, the number of medica-
tions administered in ED, and the length of ED stay as 
factors significantly increasing the risk of PIM administra-
tion to older patients visiting EDs, and this is consistent 
with previous studies.10,21 In this regard, previous studies 
have explained that females are generally more susceptible 
to inappropriate prescriptions because they are generally at 
a higher risk of developing several chronic conditions than 
males.25,26 In addition, female patients are known to use 
more sleep-inducing drugs, antidepressants, and analgesics 
than males, because of their higher prevalence of anxiety 
disorders, depression, and sleep disorders.27 Interestingly, 
the incidence of PIM administration was reported to be 
lower in older patients aged between 75 and 84 years than 
in the control group (aged between 65 and 74). This result 
could be explained by ED doctors tending to assess the 
appropriateness of medications more carefully prior to 
prescribing to older patients. Further research is needed 
to clarify the reasons for this observation.

Potential DDIs between the medications administered in 
ED were also evaluated in this study. The pDDI incidence 
was 20.5% of total visit cases, and the most frequently 
reported contraindicated drug combinations were ketorolac 
and other nonsteroidal anti-inflammatory drugs (NSAIDs). 
Ketorolac, also the most frequently administered PIM in the 
current study, can cause serious gastrointestinal problems 
such as bleeding or peptic ulcers. Its gastrointestinal toxicity 
is known to be five times stronger than any other NSAID.28 

Moreover, ketorolac combinations with other NSAIDs may 
enhance the risk of gastrointestinal adverse effects.

The prescriptions given in ED are short-term and one- 
time doses, and the ED situation is generally more criti-
cally urgent than that of any other station. Nevertheless, 
PIMs or pDDIs should be considered carefully since in 
older patients they can cause severe adverse effects, even 
in a single dose. Strategies to promote such caution have 
been applied over the past decade, such as the develop-
ment of guidelines for the management of medication of 
the older patients in EDs or software that automatically 
generates electronic alerts for PIMs or pDDIs in the pre-
scription process.3 However, their effectiveness at ensur-
ing safe medication prescription and administration has 
had limitations. For example, it was reported that a high 
percentage (35–96%) of automatically generated 

Figure 1 Relationship between PIM incidence and the number of medications administered in ED. 
Abbreviations: PIM, potentially inappropriate medication; ED, emergency department.
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electronic alerts were often ignored by doctors because of 
inadequate alerts for a specific clinical situation or the 
intended prescription.29 To improve the situation, a more 
comprehensive review of prescription drugs based on clin-
ical relevance and a better understanding of the unique 
medical environment of each country is needed. For this, 
doctor-pharmacist collaboration in ED may be the answer. 
Recent studies found that pharmacist-assisted medication 
reconciliation and integration system or academic detailing 
of physician residents provided by physician–pharmacist 
pairs contributed to reduce PIM prescription to older 
patients in ED practices.30,31

The strength of the current study was that it was able to 
accurately and completely collect patient-specific drug 
administration records and other details during ED visits 

using the EMR data collected from two large university- 
affiliated teaching hospitals. In addition, the PIM criteria 
used in this study contained more country-specific and 
substantial data than Beers Criteria which is commonly 
used criteria in Western countries. This allowed other 
medications that were not identified as potentially harmful 
by Beers Criteria (for example, opioid analgesics) to be 
reviewed in this study. Despite these strengths, this study 
has some limitations which should be interpreted carefully. 
First, since this study was conducted with ED data from 
two hospitals, it is difficult to generalize the study results 
in different environments. Second, although this study 
evaluated the incidence of PIM administration or pDDI 
in EDs, it did not evaluate the actual incidence of asso-
ciated adverse drug reactions. Finally, this study was con-
ducted in 2013. Nevertheless, we believe that the results of 
this study may help in promoting safe drug use in older 
patients in EDs, since PIMs and pDDIs are still recognized 
as important issues, especially in older patients.

Conclusion
This study demonstrated that older Korean patients were 
highly exposed to PIMs and medications with pDDIs in the 
ED. Therefore, healthcare providers in the EDs should care-
fully consider the risk of administering PMIs or medications 
with pDDIs, especially when treating female patients, 
patients who have been prescribed many medications in the 
ED, and patients who have stayed in the ED for a long time.
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