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INTRODUCTION
Drug-drug interactions (DDIs) may be defined as alterations of 

the pharmacological or clinical responses to the administration 

of a drug combination.(1-3) In primary healthcare, 9%–70% of 

patients are reported to be receiving concomitant drugs with the 

risk of a potential DDI.(4-7) In general, DDIs account for 6%–30% 

of all adverse drug reactions (ADRs);(5,6) in hospitalised patients, 

DDIs can make up 5%–9% of ADRs.(3,4) Among inpatients, it has 

been estimated that 5%–20% of serious DDI-related ADRs have  

resulted in hospitalisation or death.(7,8) Between 2.2%–65.0% of 

inpatients receive medications, including those at discharge, that 

have one or more potential DDIs.(9-12)

	 Drug-drug combinations may be useful in some situations, 

e.g. chemotherapy regimens utilise two or more drugs to improve  

cancer killing rates.(12) However, other drug-drug combinations 

are best avoided where possible, e.g. the use of fluoxetine and  

furosemide in patients with hypertension and depression.(13) 

Unfortunately, available information regarding DDIs may often 

be incomplete and difficult to interpret with regard to the type of 

appropriate actions to take. Therefore, the risks of DDIs should  

be considered by all members of the healthcare team at each 

step of the drug-delivery process when a new medication is  

prescribed, dispensed or administered to a patient.(12)

	 Although combination therapy may lead to DDIs, the concur-

rent use of multiple drugs has become a trend, as combination 

therapy is believed to increase therapeutic effectiveness.(14)  

A retrospective review has reported that patients taking three 

or more drugs, or patients aged ≥ 50 years taking two or more 

medications who were admitted to the emergency department  

had a considerable risk for DDIs.(14) A few studies have also  

shown an exponential(15,16) or linear relationship between the  

number of drugs and the probability for DDIs. Factors such as  

increasing age, multiple illnesses and female gender have been 

found to be risk factors for potential DDIs.(18-22) The number of 

literature on DDIs and ADRs has grown steadily over the years, 

yet there are few studies focusing on physicians’ and pharmacists’ 

ability to effectively identify or recall potential DDIs.(23-25)

	 Currently, there is limited available information about the 

impact of DDIs in intensive care settings. Indeed, most data is 

derived from case reports, volunteer studies or investigations of 

potential DDIs in non-intensive-care patients.(26,27) The primary  

and secondary objectives in this study were to identify and assess 
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the risks associated with the occurrence of DDIs, and to determine 

the value of pharmacists’ interventions in the management of  

clinically significant DDIs, respectively. 

METHODS
This was a prospective case-control study involving patients who 

were admitted to a 13-bed (ten beds plus three isolation beds) 

combined (medical, surgical, renal and paediatric) intensive 

care unit (ICU) of Hospital Serdang, Selangor, Malaysia. All 

patients were admitted to the unit due to critical illness and/or 

a need for close monitoring. The study was approved by the  

Research and Ethics Committee of International Medical  

University, and registered with the National Medical Research 

Registry (NMRR), Ministry of Health Malaysia.

	 Prospective reviews of the patients’ medication charts were 

performed daily for a period of 12 weeks. Patients’ demographic 

characteristics, diagnosis and comorbidities were retrieved 

from the hospital computerised medical records. All prescribed 

medications were screened to identify DDIs based on several 

tertiary references.(28-30) During their stay in the ICU, a patient 

was categorised under ‘Case’ if he was identified as having one 

or more DDIs and ‘Control’ if no DDIs were identified. The 

results of laboratory tests, physical and mental examinations, 

and electrocardiograms (ECGs) of all Case patients were also  

monitored daily to assess for DDI-related adverse events.

	 All DDIs identified were analysed for the level of severity 

(Type-A to Type-D, Table I).(28-30) DDIs that were classified as 

Type-A or Type-B were considered to be clinically significant. 

Recommendations made by the pharmacists regarding the  

management of clinically significant DDIs were compiled on a 

daily basis. The types of recommendations made are presented 

in Table II. The numbers of clinically significant DDIs classified  

under Type-A and Type-B were forwarded to the authorities 

concerned, i.e. the relevant prescriber(s) through the pharmacist  

in-charge of the ICU. The patients were followed up and the 

outcome of the recommendations recorded.

	 Study risk factors for the DDIs were identified with the help 

of previous studies,(1,3,7,9-10,14,18-22) and categorised into three main 

domains: (1) Patient-related risk factors, including age, gender,  

race, acute illness, renal/hepatic impairment, metabolic disorders 

and comorbidities; (2) Drug-related risk factors, including the  

number of drugs, number of therapeutic class, nature of  

medications being prescribed, drugs with narrow therapeutic 

windows, hepatic enzyme inducers, hepatic enzyme inhibitors, 

where the pharmacokinetic and pharmacodynamic properties 

of each therapeutic agent were considered to be risk factors;  

(3) Prescriber-related risk factors, including the number of  

prescribers and the medical specialty of each prescriber. Here, 

the external factor, i.e. number of prescribers, was considered to 

be possibly related with the risk of causing DDIs in ICU patients.

	 Both descriptive and inferential statistics were carried out 

using the Statistical Analysis for the Social Sciences version 13 

(SPSS Inc, Chicago, IL, USA). A p-value ≤ 0.05 was considered  

to be statistically significant. The demographic data of the patients 

were presented as frequency, mean, standard deviation and 

percentage. For association and correlation between patients’ 

demographics and DDIs, Chi-square or likelihood ratio and 

Spearman’s tests were used. In order to establish the difference, 

Mann-Whitney and Kruskal-Wallis tests were performed. Lastly, 

odds ratio with 95% confidence interval (95% CI) was used for 

risk factor assessment.

RESULTS
Overall, 82 patients who were prescribed more than one drug  

were included in the data analysis. Of these, the majority were  

male (n = 53, 64.6%), aged > 60 years (n = 22, 26.8%) and Malay 

(n = 46, 56.1%). The age of the patients ranged from four months 

to 82 years (median 43 years). Of the 82 patients, 41 (50.0%) were 

documented to have no comorbid conditions, while the other 

half had one or more comorbidities. There were 31 (43.1%) with 

impaired renal function and ten (12.2%) with hepatic impairment. 

29 (35.4%) patients had medical histories that were significant for 

metabolic disorders such as diabetes mellitus, hypothyroidism,  

hyperthyroidism and adrenal insufficiencies. The patients’  

demographics and occurrence of DDIs are presented in Table III.

	 Of the 82 patients reviewed, 62 (75.6%) were designated as 

‘Case’ subjects, while the remainder were ‘Control’ subjects. The 

Case group had a total of 402 DDIs (an average of 6.5 DDIs per 

patient or 0.08 DDI per patient per day). Out of these 402 DDIs, 

353 (87.8%) were identified using Lexi-Comp OnlineTM database 

Table I. Classification of DDIs.(28-30)

Severity level Description

Type-A The interaction was found to be life-threatening, 
and concomitant use of the interacting agents was 
contraindicated

Type-B  
(major DDI)

The interaction was found to be life-threatening 
and/or required medical intervention to minimise 
or prevent serious adverse effects

Type-C 
(moderate DDI)

The interaction resulted in an exacerbation of the 
patient’s condition and/or required an alteration 
in therapy

Type-D  
(minor DDI)

The interaction had limited clinical effects and did 
not require a major alteration in therapy

DDIs: drug-drug interactions

Table II. Types of recommendations. 

Recommendation Description

Substitution Precipitant drugs were substituted with another 
drug for the same indication

Stop/avoid/dosage 
adjustment

Precipitant drugs were stopped/avoided, followed 
by substitution of precipitant drugs for the same 
indication, or adjustments in dose, frequency, 
timing, duration, etc was required

Monitoring Monitoring of DDIs was sufficient, and continuation 
of precipitant and object drugs concomitantly was 
not harmful

No change No change or modification in drug therapy was 
recommended due to limited clinical significance 
of DDIs

DDIs: drug-drug interactions
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(Pediatric Lexi-Drugs OnlineTM, Hudson, OH, USA), 131 (32.6%) 

were identified by Micromedex®Healthcare Series (Thomson 

Micromedex, Greenwood Village, CO, USA), and 72 (17.9%)  

were identified using Hansten and Horn DDI monographs  

(Hansten and Horn’s Drug Interactions Analysis and Management, 

St Louis, MO, USA). Two-thirds of the DDIs were identified using 

more than one compendium.

	 Pharmacodynamics- and pharmacokinetics-related DDIs 

were identified in 96.8% and 59.7% of the Case subjects, respec-

tively. Overall, pharmacodynamics-related DDIs were more 

common (66.9%) than pharmacokinetics-related DDIs (24.2%).  

A total of 14 (17.1%) patients were prescribed drugs with a narrow 

therapeutic index. In addition, 43 (52.4%) and 78 (95.1%) patients 

were prescribed drugs that were found to be hepatic enzyme 

inducers and hepatic enzyme inhibitors, respectively. However, 

42 (10.4%) and 75 (18.7%) incidences of DDIs involved drugs  

with hepatic enzyme-inducing and -inhibiting activities, 

respectively.

	 Within individual demographic groups, the occurrence of  

DDIs was highest among patients aged > 60 years (n = 17, 27.4%), 

Malay patients (n = 33, 53.2%), patients with no comorbid  

condition (n = 29, 46.8%) and male patients (n = 40, 64.5%) 

(Table I). However, age, ethnicity and gender were not found to be  

significantly associated with the occurrence of DDIs. Most 

of the patients with DDIs did not have any evidence of renal 

impairment (n = 29, 46.8%), hepatic impairment (n = 41, 

66.1%) and metabolic disorders (n = 38, 61.3%), with insig-

nificant association. Interestingly, all the patients with DDIs were  

diagnosed with some form of acute illnesses; of these, more than 

90% had different types of infection.

	 Study factors such as gender, age group and duration of 

ICU stay were used to identify the differences among groups 

in terms of the occurrence of DDIs. Although the incidence of 

DDIs was found to be more frequent in male (n = 40, 64.5%) 

as compared to female (n = 22, 35.5%) patients, no significant 

differences were found between male and female patients  

(p = 0.969), among the Malay, Chinese and Indian patients  

(p = 0.836), and the different age groups, i.e. 0–30, 31–60,  

> 60 years (p = 0.148) in terms of the occurrence of DDIs.  

However, duration of ICU stay < 3 days, 3–7 days and > 7 days 

showed a significant difference (p = 0.001) in the occurrence of  

DDIs. Female gender (OR 0.979, 95% CI 0.341–2.814, p = 0.969), 

age > 50 years (OR 0.488, 95% CI 0.166–1.434, p = 0.340) and  

ICU stay > 7 days (OR 0.381, 95% CI 0.079–1.845, p = 0.001) were 

not significantly associated with DDIs.

	 The median number of drug classes prescribed to the patients 

was nine (range 1–19), while the number of prescribers and the 

number of medical specialties involved in each patient was 

1–3, with a median of two prescribers and medical specialties, 

respectively. In total, 37 drug classes were found to be involved 

in the 402 DDIs. Of these, opioid analgesics (n = 108, 26.9%) 

were the most common drug class associated with the occurrence  

of DDIs. Among opioid analgesics, morphine was the most 

frequent drug involved. However, no significant association was 

detected between the drug classes and occurrence of DDIs.  

Their respective clinical significance notwithstanding, the 

five most common drug combinations involved in DDIs were  

ranitidine and morphine (n = 21, 5.2%), morphine and magnesium  

sulphate (n = 13, 3.2%), midazolam and magnesium sulfate  

(n = 11, 2.7%), erythromycin and ranitidine (n = 9, 2.2%),  

dobutamine and noradrenaline (n = 8, 2.0%), and dopamine 

and noradrenaline (n = 8, 2.0%). In terms of the level of clinical  

significance, the majority of DDIs were categorised as Type-C, 

resulting in pharmacists most commonly recommending only 

monitoring for these patients.

	 The majority (57.3%) of patients in the ICU stayed for 3–7 

days, similar to the duration of ICU stay among most patients with  

DDIs (64.5%). In addition, the duration of ICU stay for patients 

with DDIs was significantly associated (p = 0.001) and correlated  

(p = 0.001) with the occurrence of DDIs. Out of the 82 patients, 

the majority (57.3%) were taking ten drugs. Among patients with  

DDIs, 71% of them received > 10 different drugs, with 29%  

receiving 6–10 drugs each and none receiving ≤ 5 drugs. The 

number of drugs was also found to be significantly associated  

Table III. Demographic characteristics of the study participants (n = 82).

Variable No. (%) Association Correlation

Total Occurrence of DDIs

Gender
Male
Female

53
29

 (64.6)
 (35.4)

40
22

 (64.5)
 (35.5)

p = 0.969 rs = 0.004
p = 0.969

Ethnic group
Malay
Chinese
Indian
Others

46
17
10
 9

 (56.1)
 (20.7)
 (12.2)
 (11.0)

33
13
 8
 8

 (53.2)
 (21.0)
 (12.9)
 (12.9)

p = 0.684 rs = 0.119
p = 0.286

Age group (yrs) 
0–15
16–30
31–45
46–60
> 60

14
17
13
16
22

 (17.1)
 (20.7)
 (15.9)
 (19.5)
 (26.8)

10
10
11
14
17

 (16.1)
 (16.1)
 (17.7)
 (22.6)
 (27.4)

p = 0.340 rs = 0.123
p = 0.270

rs: Spearman’s correlation value; DDIs: drug-drug interactions
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(p = 0.001) and correlated (p = 0.001) with the occurrence of 

DDIs. Number of drugs > 10 (OR 0.072, 95% CI 0.019–0.277,  

p = 0.001) was significantly associated with the occurrence of 

DDIs. The list of study risk factors associated with the occurrence  

of DDIs is presented in Table IV. The number of DDIs identified  

in the patients was 1–26 (mean 6.5 ± 5.5), while the number 

of drugs prescribed was 2–24 (median 11). The relationships  

between duration of stay and number of drugs with the  

occurrence of DDIs are shown in Table V, while the drug- and 

prescriber-related factors are presented in Table VI.

	 Based on their respective levels of severity, the DDIs were 

categorised as Type-A (0.2%), Type-B (15.7%), Type-C (75.9%) or 

Type-D (8.2%). As Type-A and -B DDIs were considered clinically 

significant in this study, they occur in more than one out of every 

seven DDIs. Regarding the management of clinically significant 

DDIs, ‘substitution of involved drugs’ was recommended in 

34 (8.5%) cases of DDI, ‘dosage adjustment’ in 17 (4.2%) and  

‘stopping or avoiding the drug combinations’ in 13 (3.2%) cases. 

For DDIs that were classified as Type-C, monitoring of the patients 

(hepatic function, renal function, ECG, blood counts, etc) was 

recommended by the pharmacists. Some examples of DDIs that 

occurred among the study population are presented in Table VII.

	 The mean length of ICU stay was 5.3 ± 3.7 (range 2–19) days. 

The length of ICU stay was significantly different for patients in 

the Case (9.5 days) and Control (2.4 days) groups (p = 0.001). The  

mean duration of drug therapy involved in Type-A DDIs was  

found to be two days; however, only one drug combination was 

categorised under Type-A. The mean duration of drug therapy 

involved in Type-B DDIs was 3.4 ± 2.7 days, and those for Type-C 

and Type-D were 2.69 ± 2.3 days and 2.5 ± 1.6 days, respectively.

Table IV. Study factors associated with occurrence of DDIs.

Variable Occurrence 
of DDI* 

OR 95% CI p-value

Duration of stay (days)
≤ 7 
> 7 

48
14 

 (77.4)
 (22.6)

0.381 0.079–1.845 0.001

No. of drugs
≤ 10 
> 10 

18
44

 (29.0)
 (71.0)

0.072 0.019–0.277 0.001

Gender
Male
Female

40
22

 (64.5)
 (35.5)

0.979 0.341–2.814 0.969

Age group (yrs)
≤ 50
> 50

33
29

 (53.2)
 (46.8)

0.488 0.166–1.434 0.340

*Data is presented as no. (%)
DDI: drug-drug interaction; OR: odds ratio; CI: confidence interval

Table V. Relationships between duration of stay and number of drugs with occurrence of DDIs.

Variables No. (%) Association Correlation

Total (n = 82) Patients with 
DDIs (n = 62)

Duration of stay (days)
< 3 
3–7 
> 7 

19
47
16

 (23.2)
 (57.3)
 (19.5)

8
40
14

 (12.9)
 (64.5)
 (22.6)

p = 0.001 rs = 0.364
p = 0.001

No. of drugs
≤ 5 
6–10 
> 10 

5
30
47

 (6.1)
 (36.6)
 (57.3)

0
18
44 

 (0)
 (29)
 (71)

p = 0.001 rs = 0.539
p = 0.001

rs: Spearman’s correlation value; DDI: drug-drug interaction

Table VI. Mean number of drug- and prescriber-related factors.

Variable Median (range)

Duration of stay 5.3 ± 3 .7* (2–19)

No. of drugs prescribed 11 (2–24)

No. of therapeutic classes prescribed 9 (1–19)

No. of prescribers involved 2 (1–3)

No. of medical specialties involved 2 (1–3)

No. of occurrence of drug interactions 4 (1–26)

*Data is expressed as mean ± standard deviation 

Table VII. Examples of DDIs that occurred among the study 
population during the study period.

Severity level Description

Type-A IV ceftriaxone 500 mg twice daily and IV calcium 
gluconate 5 ml four times daily

Type-B  
(major DDI)

IV potassium hydrophosphate 10 mmol and IV 
magnesium sulfate 20 mmol

Type-C 
(moderate DDI)

IV morphine 1 mg/1 mL and IV tramadol 50 mg three 
times daily

Type-D  
(minor DDI)

IV midazolam/morphine 1 mg and IV ranitidine 50 mg 
three times daily

DDI: drug-drug interactions; IV: intravenous
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DISCUSSION
This study reports a high frequency of occurrence of DDIs, but 

only a small number of them appeared to be clinically significant. 

A median of four (range 1–26) DDIs occurred and 11 (range 2–24) 

drugs were prescribed to patients who stayed in the ICU for an 

average 5.3 ± 3.7 days, with no significant gender difference. 

This finding was in contrast to several other studies that identified  

female gender as a risk factor associated with the occurrence 

of DDIs.(19,22,25) While there is no credible elucidation for gender 

differences, it is possible that they are due to physiological and 

pharmacological reasons. For example, Hutson at el suggested 

that as gastrointestinal (GI) motility is affected by sex hormones, 

the GI transit time is thus slower in females than in males. The 

pharmacokinetic profiles of some lipophilic drugs could also 

be attributed to differences in body fat between the genders, 

resulting in a larger volume of distribution in females compared  

to males.(31)

	 Many studies have documented that the use of medication 

tends to increase with age due to the prevalence of multiple  

chronic diseases corresponding with advancement in age and 

eventually more diagnoses,(32-35) which increases the possibilities 

of DDIs. In this study, a positive relationship was found between 

age and the occurrence of DDIs, with patients aged > 50 years  

more likely to develop DDIs. This finding is in agreement with 

a large Swedish population-based study, which established a  

positive correlation between age groups and the occurrence of 

DDIs.(17) It has also been found that the risk of adverse reactions 

caused by DDIs is higher in the elderly population due to changes 

in pharmacokinetic and pharmacodynamic interactions.(34) In our 

study, more than three-quarters of the patients with renal and 

hepatic impairments were identified with DDIs.

	 It is widely accepted that the more comorbid conditions a 

patient has, the greater the number of drugs that is likely to be 

taken, and therefore, the higher the risk that a DDI may occur. 

About 80% of the patients with 1–2 or > 3 comorbidities were 

identified with DDIs compared to 70% of the patients without 

comorbidities. Likewise, several studies have reported multiple 

illnesses as one of the risk factors associated with DDIs.(19-27,31-35) 

Prescribed drugs with a narrow therapeutic index were not found 

to be significantly associated with the occurrence of DDIs. In  

contrast, previous studies have reported that drugs with narrow 

therapeutic indices, such as oral anticoagulants, hypoglycaemic 

agents and digoxin, were most often involved in DDIs.(15)

	 Our study found that the duration of ICU stay was significantly 

associated with the occurrence of DDIs. This is in accordance 

with the results from previous studies, which reported that a 

two-fold increase in the duration of ICU stay resulted in significant  

DDIs.(36,37) In particular, duration of ICU stay > 7 days was identi-

fied as a risk factor associated with the occurrence of DDIs. It 

has been accepted that an increase in duration of ICU stay would 

result in an increased number of prescribed drugs, which may in 

turn prolong the duration of drug therapy, thus exposing patients 

to a higher probability of DDIs. Moreover, patients who are 

admitted to the ICU have a considerably higher risk of DDIs than  

the average patient, as most of them are critically ill and have  

more medical problems. In addition, the number of drugs pre-

scribed to patients was also significantly associated and correlated 

with the occurrence of DDIs. This is in agreement with previous 

findings that multiple drugs would predispose patients to the  

adverse effects of drug therapy such as DDIs.(6,14-15,17,20,32) Seymour 

and Routledge document that the number of drugs tends to increase 

with the number of prescribers involved with the patients.(32)  

On the average, two prescribers and > 1 medical specialty were 

involved in the prescription of drugs to patients in this study.

	 When evaluating DDIs, one primary concern was the clinical 

significance or level of severity of the interaction. Significance 

relates to the type and magnitude of the effect and subsequently, 

the necessity of monitoring the patient or altering the therapy 

to avoid potentially adverse consequences. Although a large  

number of DDIs were detected in this study, only 64 of them 

were considered to be clinically significant. More than half of the 

DDIs were of moderate significance, where monitoring of the  

DDI was sufficient and concomitant use of precipitant and object 

drugs was not harmful. Egger et al likewise reported that the 

majority of DDIs found in their study were of moderate severity 

(n = 281, 69.9%).(38) Although a few studies have documented  

that potentially significant DDIs were highly prevalent, the  

number of DDIs associated with potentially relevant clinical  

consequences was relatively low and rare.(2,33,38) Interestingly, a 

study by Rivkin reported that more than half of all ADRs in the  

medical ICU resulted from DDIs, and thus concluded that 100% 

of DDIs could be prevented.(39)

	 An appropriate approach to the management of DDIs should 

be based on identifying the potential DDIs and then taking the 

necessary measures, such as therapeutic drug monitoring or 

dose adjustment, to reduce the likelihood of clinically relevant  

consequences. 64 (15.9%) clinically significant DDIs were 

forwarded with the consultation of the ICU pharmacist in this 

study. However, more than half of the study patients were still 

administered the same drugs found to be involved in clinically 

significant DDIs (Type-A and Type-B). This may be due to 

the fact that some DDIs are clinically important for the proper  

treatment of certain diseases, although their combination may 

bring unfavourable outcomes. Indeed, monitoring and follow-up 

are crucial in order to minimise negative health outcomes in such 

situations, especially for drugs whose therapeutic effects may 

be augmented or diminished if given together.(20,40) While some 

drug interactions do result in laboratory changes (i.e. drug-lab 

interactions), they may be acceptable if no clinically significant 

outcomes are produced.(40) It has been previously documented  

that the clinical significance of a potential DDI is not easily  

established and may require individual assessment.(12) Pharmacists, 

along with physicians and nurses, are an integral part of the  

healthcare system, and they can play an important role in  

establishing the clinical significance of DDIs and its  

management. It has also been reported that the participation of a 
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pharmacist on medical rounds can reduce the risk of adverse drug 

events such as DDIs.(41)

	 In conclusion, a relatively high frequency of occurrence of 

DDIs among patients on daily follow-up was identified in this 

study. However, most of them were of minor-to-moderate clinical 

significance, where monitoring of the patient was adequate to 

prevent harmful consequences. Female gender, age > 50 years, 

use of > 10 drugs and duration of ICU stay > 7 days were identified 

as risk factors (either patient- or drug-related) associated with the 

occurrence of DDIs. It has been proven that the participation of a 

well-trained pharmacist on medical rounds can aid in recognising 

the risk of adverse drug events such as DDIs. Thus, physicians, 

pharmacists and nurses should be more vigilant toward potential 

DDIs among patients, especially those admitted to critical care. 

The point-of-care pharmacist has fewer limitations compared to 

drug interaction software programmes in terms of dosage, time 

of administration, duration of treatment and underlying diseases, 

which cannot be controlled by a DDI programme.

ACKNOWLEDGEMENTS
We are grateful to International Medical University, Kuala Lumpur, 

Malaysia for approving and supporting this project. We would  

also like to thank the National Medical Research Registry, the  

doctors, nurses and staff at the ICU for their immense support 

during the study period.

REFERENCES
1.	 Mitchell GW, Stanaszek WF, Nichols NB. Documenting drug-drug  

interactions in ambulatory patients. Am J Hosp Pharm 1979; 36:653-7.
2.	 Jankel CA, Speedie SM. Detecting drug interactions: a review of the  

literature. DICP 1990; 24:982-9. 
3.	 Doucet J, Chassagne P, Trivalle C, et al. Drug-drug interactions related to 

hospital admissions in older adults: a prospective study of 1000 patients.  
J Am Geriatr Soc 1996; 44:944-8.

4.	 Fijn R, Van den Bemt PM, Chow M, et al. Hospital prescribing errors:  
epidemiological assessment of predictors. Br J Clin Pharmacol 2002; 
53:326-31.

5.	 Johnson JA, Bootman JL. Drug-related morbidity and mortality. A cost-of-
illness model. Arch Intern Med 1995; 155:1949-56.

6.	 Thomas A, Routledge PA. Drug interactions in clinical practice. Focus 
Pharmacovigilance Bull. 2003:1-7.

7.	 Classen DC, Pestotnik SL, Evans RS, Lloyd JF, Burke JP. Adverse drug events 
in hospitalized patients. Excess length of stay, extra costs, and attributable 
mortality. JAMA 1997; 277:301-6.

8.	 Levy M, Kewitz H, Altwein W, Hillebrand J, Eliakim M. Hospital admissions 
due to adverse drug reactions: a comparative study from Jerusalem and 
Berlin. Eur J Clin Pharmacol 1980; 17:25-31.

9.	 Cruciol-Souza JM, Thomson JC. Prevalence of potential drug-drug interac-
tions and its associated factors in a Brazilian teaching hospital. J Pharm 
Pharm Sci 2006; 9:427-33.

10.	Heininger-Rothbucher D, Bischinger S, Ulmer H, et al. Incidence and risk of 
potential adverse drug interactions in the emergency room. Resuscitation 
2001; 49:283-8.

11.	Grönroos PE, Irjala KM, Huupponen RK, et al. A medication database-tool 
for detecting drug interactions in hospital. Eur J Clin Pharmacol 1997; 53:13-7.

12.	Wiltink EH. Medication control in hospitals: a practical approach to the 
problem of drug-drug interactions. Pharm World Sci 1998; 20:173-7.

13.	Coelho PV, Brum CA. Interactions between antidepressants and antihy-
pertensive and glucose lowering drugs among patients in the HIPERDIA 
Program, Coronel Fabriciano, Minas Gerais State, Brazil. Cad Saude  

Publica 2009; 25:2229-36.
14.	Goldberg RM, Mabee J, Chan L, Wong S. Drug-drug and drug-disease 

interactions in the ED: analysis of a high-risk population. Am J Emerg Med 
1996; 14:447-50.

15.	Cadieux RJ. Drug interactions in the elderly. How multiple drug use  
increases risk exponentially. Postgrad Med 1989; 86:179-86.

16.	Sloan RW. Drug interactions. Am Fam Physician 1983; 27:229-38.
17.	Astrand B, Astrand E, Antonov K, Petersson G. Detection of potential drug 

interactions-a model for a national pharmacy register. Eur J Clin Pharmacol 
2006; 62:749-56.

18.	Tulner LR, Frankfort SV, Gijsen GJ, et al. Drug-drug interactions in a geriatric 
outpatient cohort: prevalence and relevance. Drugs Aging 2008; 25:343-55.

19.	Costa AJ. Potential drug interactions in an ambulatory geriatric population. 
Fam Pract 1991; 8:234-6. 

20.	May JR, DiPiro JT, Sisley JF. Drug interactions in surgical patients. Am J Surg 
1987; 153:327-35.

21.	Morera T, Gervasini G, Carrillo JA, Benitez J. Using a computerized drug 
prescription screening system to trace drug interactions in an outpatient 
setting. Ann Pharmacother 2004; 38:1301-6.

22.	Buurma H, De Smet PA, Egberts AC. Clinical risk management in Dutch 
community pharmacies. Drug Saf 2006; 29:723-32.

23.	Glassman PA, Simon B, Belperio P, Lanto A. Improving recognition of drug 
interactions: benefits and barriers to using automated drug alerts. Med Care 
2002; 40:1161-71.

24.	Weideman RA, Bernstein IH, McKinney WP. Pharmacist recognition of 
potential drug interactions. Am J Health Syst Pharm 1999; 56:1524-9.

25.	Malone DC, Hutchins DS, Haupert H, et al. Assessment of potential 
drug–drug interactions with a prescription claims database. Am J Health 
Syst Pharm 2005; 62:1983-91.

26.	Shapiro LE, Shear NH. Drug-drug interactions: how scared should we be? 
CMAJ 1999; 161:1266-7.

27.	Bates DW, Cullen DJ, Laird N, et al. Incidence of adverse drug events and 
potential adverse drug events. Implications for prevention. ADE Prevention 
Study Group. JAMA 1995; 274:29-34.

28.	Thomson Reuters (Healthcare) Inc. MICROMEDEX Gateway. [online]. 
Available at: www.thomsonhc.com/home/dispatch. Accessed May 28, 
2012. 

29.	Hansten PD, Horn JR, eds. Drug Interactions Analysis and Management. St. 
Louis: Facts and Comparisons, 2009. 

30.	Lexi-Comp OnlineTM, Pediatric Lexi-Drugs OnlineTM, Hudson, Ohio: 
Lexi-Comp, Inc.; 2009.[online]. Avaliable at: www.lexi.com/institutions/
products/online/. Accessed July 27, 2009. 

31.	Hutson WR, Roehrkasse RL, Wald A. Influence of gender and menopause 
on gastric emptying and motility. Gastroenterology 1989; 96:11-7.

32.	Seymour RM, Routledge PA. Important drug-drug interactions in the  
elderly. Drugs Aging 1998; 12:485-94..

33.	Glintborg B, Andersen SE, Dalhoff K. Drug-drug interactions among  
recently hospitalised patients–frequent but mostly clinically insignificant. 
Eur J Clin Pharmacol 2005; 61:675-81.

34.	Cusack BJ. Pharmacokinetics in older persons. Am J Geriatr Pharmacother 
2004; 2:274-302.

35.	Becker ML, Visser LE, van Gelder T, Hofman A, Stricker BH. Increasing 
exposure to drug-drug interactions between 1992 and 2005 in people aged 
> or = 55 years. Drugs Aging 2008; 25:145-52.

36.	Ford DR Jr, Rivers NP, Wood GC. A computerized detection system for 
potentially significant adverse drug-drug interactions. J Am Pharm Assoc 
1977; 17:354-7.

37.	Schneitman-McIntire O, Farnen TA, Gordon N, Chan J, Toy WA.  
Medication misadventures resulting in emergency department visits at  
and HMO medical center. Am J Health Syst Pharm 1996; 53:1416-22.

38.	Egger SS, Drewe J, Schlienger RG. Potential drug-drug interactions in the 
medication of medical patients at hospital discharge. Eur J Clin Pharmacol 
2003; 58:773-8.

39.	Rivkin A. Admissions to a medical intensive care unit related to adverse  
drug reactions. Am J Health Syst Pharm 2007; 64:1840-3. 

40.	Quinn DI, Day RO. Drug interactions of clinical importance. An updated 
guide. Drug Saf 1995; 12:393-452.

41.	Leape LL, Cullen DJ, Clapp MD, et al. Pharmacist participation on  
physician rounds and adverse drug events in the intensive care unit. JAMA 
1999; 282:267-70.


