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Abstract:

Aims: This study aimed to investigate the prevalence of clinically apparent drug-drug interactions
(DDIs) among hospitalized patients.

Methods: A comprehensive search of PubMed, Scopus, Embase, Web of Science, and Lilacs
databases was conducted to identify articles meeting predefined inclusion criteria . The search
strategy utilized controlled and uncontrolled vocabulary related to "drug interactions," "clinically
relevant," and "hospital." Included were original observational studies reporting DDIs in
hospitalized patients, providing data for calculating prevalence, and describing drug prescriptions
or DDI adverse reaction reports in English, Portuguese, or Spanish.

Results: Among 5,999 initial articles, 10 met the inclusion criteria. The pooled prevalence of
clinically apparent DDIs was 9.2% (95% CI 4.0-19.7). Studies reported a mean of 4.0 to 9.0
medications per patient, averaging 5.47 + 1.77 drugs. Moderate-quality studies predominantly
identified DDIs through medical records and ward visits (n = 7). Micromedex® (27.7%) and Lexi-
Comp® (27.7%) were commonly used databases for DDI detection, with no studies utilizing
multiple databases.

Conclusions: This systematic review highlights that despite reported potential DDI prevalence,
fewer than one in ten patients experienced clinically apparent drug interactions. Utilizing causality
tools and implementing real DDI notification systems based on actual adverse outcomes are
recommended strategies to mitigate alert fatigue, enhance decision-making for DDI prevention or
resolution, and ultimately improve patient safety.

Introduction:

Medications play a pivotal role in disease prevention and the enhancement of patients' health and
quality of life. However, pharmacotherapy-related issues are increasingly prevalent, affecting a
significant proportion of hospitalized individuals. These issues encompass events or circumstances
related to pharmacotherapy that impede the desired health outcome, including inadequate
medication or dosage, adverse reactions, and drug-drug interactions (DDIs). (Lima et al., 2017)
A DDI occurs when the effect of a drug is altered due to interaction with one or more other drugs,
potentially diminishing or enhancing therapeutic efficacy. Undesirable DDIs pose significant
health risks, particularly in hospital settings where patients often receive multiple medications and
complex pharmacotherapy, coupled with clinical instability, leading to adverse outcomes such as
clinical deterioration, prolonged hospital stays, and even mortality. For instance, in a study
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involving hospitalized patients, DDIs between certain drugs were linked to serious adverse events.
(Costa et al., 2017)

Various databases have been developed to aid prescribers in identifying DDIs. However, these
databases often generate excessive and nonspecific alerts, lacking focus on the clinical relevance
and appropriate management of DDIs, leading to "alert fatigue" among prescribers, where relevant
alerts are disregarded amidst a flood of notifications. (Peterson & Gustafsson, 2017)

Many studies in this field do not specifically address the prevalence of clinically evident DDIs.
Prior systematic reviews on the harmful effects of DDIs in hospitalized patients predominantly
focused on potential or clinically relevant DDIs, with limited exploration of clinically manifested
DDIs and insufficient data to calculate their prevalence independently. Therefore, this systematic
review aim to fill this gap by determining the prevalence of clinically evident DDIs among
hospitalized patients. (Smedberg et al., 2016)

Methods:

This systematic review adhered to the MOOSE (Meta-analysis of Observational Studies in
Epidemiology) statement .

Search Question:

The research question, formulated using the PICO elements (P: hospitalized patients; I: Drug-Drug
Interactions; C: not applied; O: clinically manifested DDIs), aimed to determine the prevalence of
clinically manifested DDIs in hospitalized patients.

Data Source and Search Strategy:

A comprehensive literature search encompassing PubMed, Scopus, Embase, Web of Science, and
Lilacs databases was conducted for articles published . Indexed terms from Medical Subject
Headings (MeSH) and other search terms related to "drug interactions," "clinically relevant," and
"hospital" were utilized. The term "clinically manifested" was initially considered but later
dropped due to lack of relevance to the terminologies used in retrieved studies. Search strategies
were formulated using Boolean operators (AND; OR) and adapted to each database. Full search
strategies are provided in supplementary materials. Clinically manifested DDIs were defined as
those with evident clinical implications, excluding theoretical interactions, even if tagged as
"clinically relevant" DDIs.

Study Selection:

Original observational studies meeting the following criteria were included: (a) identification of
DDIs using an electronic DDI database; (b) confirmation of clinically manifested DDIs through
laboratory tests and/or documented signs and symptoms analyzed by specialists; (¢) availability of
data for calculating prevalence of clinically manifested DDIs among patients, prescriptions, or
DDI adverse reaction reports; and (d) publication in English, Portuguese, or Spanish. Exclusions
comprised duplicate records, studies lacking abstracts or full texts, and those focusing solely on
specific diseases/pharmacotherapies or drugs. Two independent reviewers conducted study
selection, resolving discrepancies through discussion or consultation with a third reviewer.

Data Extraction:

Information extracted included author names, publication year, country, practice setting, sample
characteristics, study design, duration, methods of detecting manifested drug interactions,
databases used, severity of interactions, prevalence rates of clinically manifested DDIs,
terminology employed, main limitations, and methodological biases. Data extraction was
independently performed by two reviewers, with discrepancies resolved through discussion.
Quality Assessment:
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Quality assessment utilized the Newcastle-Ottawa Scale (NOS) for case-control studies and the
"Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies" for cross-
sectional and prospective studies. Two reviewers independently conducted validity assessments,
with discrepancies resolved through discussion.

Statistical Analysis:

Two-sided confidence intervals for single proportions were calculated using Newcombe's method
, prevalence of manifested DDIs according to practice setting was conducted using logit
transformation and a random-effects model. Heterogeneity was assessed using the 12 value,

Results:

Selection of Studies:

A total of 5,999 studies were identified in the initial database search, with 10 studies meeting the
inclusion criteria, involving 6,541 patients. The selection process and the number of articles
excluded at each stage are illustrated in Fig 1. Agreement between the primary evaluators was
excellent for title screening (k1 = 0.94), moderate for abstracts (k2 = 0.55), and excellent for full
texts (k3 = 0.92).

Characteristics of Studies:

The included studies were conducted across Europe (n = 8), Asia (n = 1), and North America (n =
1), employing cross-sectional (n = 4), prospective longitudinal (n = 5), and single case-control (n
= 1) designs. Sample sizes varied widely (82-3,473 patients), and studies were conducted in
diverse hospital settings, including internal medicine units, emergency units, intensive care units
(ICUs), and geriatric units (Table 1).

Prevalence of Clinically Manifested DDIs:

Individual study results indicated a wide range of prevalence for clinically manifested DDIs, from
1.2% to 64.0%. The highest prevalence was observed in an ICU study by Ray et al. (2010), while
the lowest was reported in a cross-sectional study by Fokter et al. (2010) focusing on an internal
medicine ward (Table 1). The encompassing 6,540 patients, revealed a pooled prevalence of
clinically manifested DDIs at 9.2% (CI 95% 4.0-19.7). Clinically manifested interactions were
less common among patients in emergency settings compared to those in internal medicine, while
higher prevalence was noted among patients in geriatric and ICU settings (Fig 2).

Detection of Drug Interactions:

Detection methods for clinically manifested DDIs varied, with medical records and ward visits
being the most common approach (n = 7), followed by medical records alone (n = 3). Electronic
databases such as Lexi-Comp®, Micromedex®, Stocley®, and Epocrates® were utilized, with
none of the studies employing more than one database. Pharmacist involvement in DDI detection
varied across studies, with only three studies incorporating pharmacists into the evaluation team
(Table 1).

Assessment of Methodological Quality:

Quality assessment revealed a good methodological quality for the case-control study and a mix
of low, reasonable, and good quality among cross-sectional and prospective studies (S2 and S3
Tables).
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Fig 1. Flow diagram describing the selection process of the study.
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Table 1. Characteristics of studies assessing drug interactions in hospitalized patients.

Author, Study Duration Detection Database Sample Number of Main
year Design Method of Size Clinically Limitations
DI Manifested
DDIs
Herr et Cross- 1 month Medical Hansten Drug 340 5 NR
al., 1992 | sectional record and Interaction patients
Ward visit = Knowledge
Egger et Prospective = 4 months = Medical NR 163 26 NR
al., 2003  longitudinal record and patients
Ward visit
Blix et Multicenter = 10 months Medical Stocleyl 827 99 NR
al., 2008  prospective record and patients
Ward visit
Fokter et = Cross- 12 months = Medical Micromedex1 323 NR Retrospective
al., 2009 | sectional record patients study; Sample
size
Ray et Prospective = 10 months Medical Epocratesl 400 208 NR
al., 2010 | longitudinal record and patients
Interview
Mufioz- = Case control 2.5 Medical Lexi-Compl1 405 NR Evaluation of
Torrero months record and patients only
et al, Ward visit pharmacokinetic
2010 DDIs; Study
duration
Marusic = Prospective | 3 months = Medical Lexi-Compl 222 NR Patient follow-up
et al, Ilongitudinal record and patients time was short;
2013 Ward visit Only one database
used
De Cross- 0.75 Medical Lexi-Compl 82 18 Study  duration;
Paepe et = sectional month record patients Underreporting of
al., 2013 patient history
Bucsa et  Prospective = 3 months = Medical Micromedex1 305 14 Faulty
al., 2013 | longitudinal record and patients documentation
Ward visit and/or
information;
Monocentric
study
Marino | Cross- 11 months = Medical Micromedex1 3,473 464 Faulty
et al, sectional record patients documentation
2016 and/or
information;
Monocentric
study
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Table 2. Prevalence of drug interactions in hospitalized patients.
Author, year  Sample Sample Average of Number Prevalence of Clinically

Size of Drugs per Patient Manifested DDIs [%] (95%
CI)

Herr et al., Patients 340 NR 1.5(0.6-3.4)
1992
Egger et al, Patients 163 NR 14.7 (10.1-21.0)
2003
Blix et al, Patients 827 4.8 8.8 (7.1-11.0)
2008
Fokter et al., Patients 323 5.0 1.2 (0.5-3.1)
2009
Rayetal.,2010 Patients 400 9.0 64.0 (59.2-68.6)
Muioz- Patients 405 5.0 26.4 (22.4-30.9)
Torrero et al.,
2010
Marusic et al., Patients 222 NR 9.5 (6.3-14.0)
2013
De Paepe et al., Patients 82 5.0 18.3 (11.4-28.0)
2013
Bucsa et al., Patients 305 4.0 3.6 (2.0-6.4)
2013
Marino et al., Patients 3,473 NR 5.6 (4.9-6.4)
2016

Table 3. The overall proportion of clinically manifested DDIs according to practice setting.

Setting Number of Pooled proportion of clinically manifested 172

studies DDIs (95% CI) (%)
Emergency 3 5.5(1.7-16.6) 94.5
Internal 5 6.8 (2.7-16.2) 97.1
Medicine
Geriatric Unit 1 14.7 (10.1-21.0) -
ICU 1 64.0 (59.2-68.6) -
Overall 10 9.2 (4.0-19.7) 99

Table 4. Terminologies used in the studies included in this review.
Reference Terminology used Definition of clinically manifested DDI
Herr et al., 1992  Positive drug interaction At least one sign indicated a drug
interaction
Eggeretal., 2003 Clinically  relevant  drug NR
interaction

Blix et al., 2008  NR NR
Fokter et al., NR NR
2009
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Ray etal., 2010  Adverse reaction caused by If drug interactions caused an adverse

drug interaction reaction
Muiioz-Torrero NR NR
etal., 2010
Marusic et al.,, Actual drug—drug interactions = When a drug interaction causes an adverse
2013 drug reaction
De Paepe et al.,, Clinically  relevant  drug When drug interactions caused drug
2013 interactions withdrawal and/or dose modification
Bucsaetal., 2013 Drug-drug interactions cause A drug interaction that resulted in one or
adverse drug reactions more adverse reactions
Marino et al., Actual drug-drug interactions  NR
2016
Discussion

The findings reveal that despite a substantial proportion of inpatients being exposed to potential
DDIs, only approximately 1/10 of hospitalized patients actually experience clinically manifested
DDiIs, as confirmed through laboratory testing, chart review, and/or physical examination. This
suggests that strategies aimed at preventing and managing DDIs should not solely rely on potential
DDI information from electronic databases. Utilizing these databases to generate alerts for the
prevention of clinically manifested DDIs may overstate the problem and lead to unnecessary
interventions, complicating clinical workflows and potentially causing conflicts among healthcare
professionals. (Pharmaceutical Care Network Europe, 2018)

Our analysis indicates that the prevalence of clinically manifested DDIs is notably higher among
ICU patients (64.0%) compared to non-ICU inpatients. This discrepancy may be attributed to
factors such as the higher number of prescribed drugs and increased use of medications with
narrow therapeutic indices in ICU patients, as well as a higher prevalence of patients with organ
failure. Effective models for DDI prevention and management should integrate DDI warning
systems with pharmacist assessments to mitigate alert fatigue associated with DDIs that may not
always manifest clinically. (Basger et al., 2014)

The review also underscores the importance of thorough medical record reviews and patient
interviews in detecting clinically manifested DDIs, as these methods were found to be most
effective in identifying such interactions. Although databases for DDIs are commonly used by
healthcare professionals, their limitations lie in their lack of clinical context and potential
overestimation of the problem. Combining multiple DDI-related research programs may enhance
sensitivity in identifying clinically manifested DDIs. (Mousavi & Ghanbari, 2017)

Furthermore, the assessment of DDI severity is crucial for clinical decision support, yet it was not
consistently reported across studies. Future research should aim to address the severity of DDIs
and their association with patient signs and symptoms. Standardization of terminologies, concepts,
and methods for detecting clinically manifested DDIs is imperative for comparing prevalence rates
across studies and optimizing DDI prevention, identification, and management strategies.
(Lenssen et al., 2016)

While the majority of the included studies demonstrated moderate to good quality, our analysis is
not without limitations. Sample size issues in some studies may affect prevalence rates, and
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statistical heterogeneity was observed across studies. Additionally, potential biases in assessing the
causality of clinical manifestations should be considered. (de Oliveira-Filho et al., 2017)

In conclusion, our systematic review shed light on the prevalence and characteristics of clinically
manifested DDIs in hospitalized patients, emphasizing the need for comprehensive strategies to
prevent, detect, and manage these interactions effectively. Further research should focus on
standardizing terminology and methodology in this area to facilitate better comparison and
understanding of DDI prevalence and outcomes. (Zenziper Straichman et al., 2017)

Conclusion

In conclusion, this systematic review underscores the importance of recognizing clinically
manifested drug-drug interactions (DDIs) in hospitalized patients. Despite the widespread
prevalence of potential DDIs in the literature, our findings reveal that less than one in ten patients
experience clinically manifested drug interactions. Notably, patients in intensive care units (ICUs)
are significantly more susceptible to these adverse events compared to non-ICU patients,
highlighting the critical need for early detection and resolution, especially during periods of high
ICU bed occupancy rates.

Understanding the prevalence of clinically manifested DDIs can streamline the workflow of
healthcare professionals in the hospital setting, reducing alert fatigue, facilitating decision-making
for DDI prevention or resolution, and ultimately enhancing patient safety.

Moving forward, prospective studies are warranted to better understand and address the clinical
manifestations caused by drug interactions in hospitalized patients. Furthermore, future research
should focus on identifying risk factors associated with clinically manifested DDIs, aiding
clinicians and pharmacists in identifying high-risk patients and implementing preventive measures
effectively.

References

1. Lima MG, A’lvares J, Guerra Junior AA, et al. Indicators related to rational medicine use
and associated factors. Rev Saude Pu’bl. 2017; 51:1s-8s.

2. Costa EA, Arau’jo PS, Penaforte TR, et al. Conceptions of pharmaceutical services in
Brazilian primary health care. Rev Sau’de Publ. 2017; 51:1s—11s.

3. World Health Organization (WHO). The World Medicines Situation Report. WHO.
Available at:
http://www.who.int/medicines/areas/policy/world_medicines_situation/wms_intro/en/ind
ex.htm Accessed: 24 July 2014

4. Peterson C, Gustafsson M. Characterization of Drug-Related Problems and Associated
Factors at a Clinical Pharmacist Service-Naive Hospital in Northern Sweden. Drugs Real
World Outcomes. 2017; 4(2):97—-107. https://doi.org/10.1007/s40801-017-0108-7 PMID:
28527149

5. Blix HS, Viktil KK, Reikvam A, et al. The majority of hospitalized patients have drug-
related problems: Results from a prospective study in general hospitals. Eur J Clin
Pharmacol. 2004; 60(9):651-658. https://doi.org/10.1007/s00228-004-0830-4 PMID:
15568140

6. Lisby M, Nielsen LP, Mainz J. Errors in the medication process: Frequency, type, and
potential clinical consequences. Int J Qual Heal Care. 2005; 17(1):15-22.

7. Smedberg J, Brathen M, Waka MS, Jacobsen AF, Gjerdalen G, Nordeng H. Medication use
and drug-related problems among women at maternity wards—a cross-sectional study

Vol 30 No.01(2023):JPTCP(607-618) Page | 614


http://www.who.int/medicines/areas/policy/world_medicines_situation/wms_intro/en/index.htm
http://www.who.int/medicines/areas/policy/world_medicines_situation/wms_intro/en/index.htm
https://doi.org/10.1007/s40801-017-0108-7
https://doi.org/10.1007/s00228-004-0830-4

Assessment of Clinically Evident Drug Interactions among Inpatients: A Comprehensive Systematic Review

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

from two Norwegian hospitals. Eur J Clin Pharmacol. 2016; 72(7):849-857.
https://doi.org/10.1007/s00228-016-2042-0 PMID: 27023461

Pharmaceutical Care Network Europe (PCNE). 16 PCNE classification V5.01. Available
at: https://www.pcne.org/upload/files/16_PCNE_classification_V5.01.pdf Accessed: 17
November 2018.

Basger BJ, Moles RJ, Chen TF. Application of drug-related problem (DRP) classification
systems: A review of the literature. Eur J Clin Pharmacol. 2014.

Mousavi S, Ghanbari G. Potential drug-drug interactions among hospitalized patients in a
developing country. Casp J Intern Med. 2017; 8(4):282—288.

Coondoo A, Chattopadhyay C. Drug interactions in dermatology: What the dermatologist
should know. Indian J Dermatol. 2013; 58(4):249. https://doi.org/10.4103/0019-
5154.113928 PMID: 23918993

Lenssen R, Heidenreich A, Schulz JB, et al. Analysis of drug-related problems in three
departments of a German University hospital. Int J Clin Pharm. 2016; 38(1):119-126.
https://doi.org/10.1007/s11096-015-0213-1 PMID: 26511945

Hart RG, Tonarelli SB, Pearce LA. Avoiding central nervous system bleeding during
antithrombotic therapy: Recent data and ideas. Stroke. 2005; 36(7):1588—1593.
https://doi.org/10.1161/01.STR.0000170642.39876.f2 PMID: 15947271

de Oliveira-Filho AD, Vieira AES, da Silva RC, et al. Adverse drug reactions in high-risk
pregnant women: A prospective study. Saudi Pharm J. 2017; 25(7):1073-1077.
https://doi.org/10.1016/j.jsps.2017.01.005 PMID: 29158717

Zenziper Straichman Y, Kurnik D, Matok I, et al. Prescriber response to computerized drug
alerts for electronic prescriptions among hospitalized patients. Int J Med Inform. 2017;
107:70-75. https://doi.org/10.1016/j.ijmedinf.2017.08.008 PMID: 29029694

Le Freche H, Brouillette J, Fernandez-Gomez FJ, et al. Tau phosphorylation and
sevoflurane anesthesia: An association to postoperative cognitive impairment.
Anesthesiology. 2012; 116(4):779-787. https://doi.org/10.1097/ALN.0b013e31824be8c7
PMID: 22343471

Phansalkar S, Desai A, Choksi A, et al. Criteria for assessing high-priority drug-drug
interactions for clinical decision support in electronic health records. BMC Med Inform
Decis Mak. 2013; 13(1).

Mille F, Schwartz C, Brion F, et al. Analysis of overridden alerts in a drug-drug interaction
detection system. Int J Qual Heal Care. 2008; 20(6):400—405.

Jia P, Zhang L, Chen J, Zhao P, Zhang M. The effects of clinical decision support systems
on medication safety: An overview. PLoS One. 2016; 11(12).

Ojeleye O, Avery A, Gupta V, Boyd M. The evidence for the effectiveness of safety alerts
in electronic patient medication record systems at the point of pharmacy order entry: A
systematic review. BMC Med Inform Decis Mak. 2013; 13(1).

Zheng WY, Richardson LC, Li L, Day RO, Westbrook JI, Baysari MT. Drug-drug
interactions and their harmful effects in hospitalized patients: a systematic review and
meta-analysis. Eur J Clin Pharmacol. 2018; 74(1):15-27. https://doi.org/10.1007/s00228-
017-2357-5 PMID: 29058038

Dechanont S, Maphanta S, Butthum B, Kongkaew C. Hospital admissions/visits associated
with drug-drug interactions: A systematic review and meta-analysis. Pharmacoepidemiol
Drug Saf. 2014; 23(5):489—-497. https://doi.org/10.1002/pds.3592 PMID: 24616171

Vol 30 No.01(2023):JPTCP(607-618) Page | 615


https://doi.org/10.1007/s00228-016-2042-0
https://www.pcne.org/upload/files/16_PCNE_classification_V5.01.pdf
https://doi.org/10.4103/0019-5154.113928
https://doi.org/10.4103/0019-5154.113928
https://doi.org/10.1097/ALN.0b013e31824be8c7
https://doi.org/10.1007/s00228-017-2357-5
https://doi.org/10.1007/s00228-017-2357-5

Assessment of Clinically Evident Drug Interactions among Inpatients: A Comprehensive Systematic Review

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observational studies in
epidemiology: a proposal for reporting. Meta-analysis Of Observational Studies in
Epidemiology = (MOOSE)  group. JAMA. 2000;  283(15): 2008-2012.
https://doi.org/10.1001/jama.283.15.2008 PMID: 10789670

Schardt C, Adams MB, Owens T, Keitz S, Fontelo P. Utilization of the PICO framework to
improve searching PubMed for clinical questions. BMC Med Inform Decis Mak. 2007;
7(16). https://doi.org/10.1186/1472-6947-7-16 PMID: 17573961

Miros”evi¢ Skvrce N, Macoli¢ S™ arini¢ V, Mucalo I, Krni¢ D, Boz"ina N, Tomi¢ S. Adverse
drug reactions caused by drug-drug interactions reported to Croatian Agency for Medicinal
Products and Medical Devices: a retrospective observational study. Croat Med J. 2011;
52(5):604—614. https://doi.org/10.3325/cm;j.2011.52.604 PMID: 21990078

Landis JR, Koch GG. The measurement of observer agreement for categorical data.
Biometrics. 1977; 33(1):159-174. PMID: 843571

Wells GA, Shea B, O’connel D, Peterson J, Welch V, Losos M, et al. The Newcastle-Ottawa
Scale (NOS) for assessing the quality of nonrandomized studies in meta-analyses.
Available at: http://www.ohri.ca/programs/clinical _epidemiology/oxford.asp Accessed: 17
november 2018.

National Institutes of Health. National Health L, and Blood Institute. Quality assessment
tool for observation cohort and cross-sectional studies. Available at:
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools ~ Accessed: 17
March 2018.

Newcombe RG. Two-sided confidence intervals for the single proportion: comparison of
seven methods. Statistics in medicine. 1998; 17(8):857-872.
https://do1.org/10.1002/(sic1)1097-0258(19980430)17:8<857::aid-sim777>3.0.co;2-¢
PMID: 9595616

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Statistics in
medicine. 2002; 21(11), 1539-1558. https://doi.org/10.1002/sim.1186 PMID: 12111919
Marusic S, Bacic-Vrca V, Obreli Neto PR, Franic M, Erdeljic V, Gojo-Tomic N. Actual
drug-drug interactions in elderly patients discharged from internal medicine clinic: A
prospective observational study. Eur J Clin Pharmacol. 2013; 69(9):1717-1724.
https://doi.org/10.1007/s00228-013-1531-7 PMID: 23739998

Sa'nchez Mufioz-Torrero JF, Barquilla P, Velasco R, et al. Adverse drug reactions in
internal medicine units and associated risk factors. Eur J Clin Pharmacol. 2010;
66(12):1257-1264. https://doi.org/10.1007/s00228-010-0866-6 PMID: 20689943

Blix HS, Viktil KK, Moger TA, Reikvam A. Identification of drug interactions in
hospitals—Computerized screening vs. bedside recording. J Clin Pharm Ther. 2008;
33(2):131-1309. https://doi.org/10.1111/1.1365-2710.2007.00893.x PMID: 18315778
Fokter N, Moz ina M, Brvar M. Potential drug-drug interactions and admissions due to
drug-drug interactions in patients treated in medical departments. Wien Klin Wochenschr.
2010; 122(3-4):81-88. https://doi.org/10.1007/s00508-009-1251-2 PMID: 20213374

De Paepe P, Petrovic M, Outtier L, Van Maele G, Buylaert W. Drug interactions and adverse
drug reactions in the older patients admitted to the emergency department. Acta Clin Belg.
2013; 68(1):15-21. [https://doi.org/10.2143/ACB.68.1.2062714 PMID:23627189

Marino A, Capogrosso-Sansone A, Tuccori M, et al. Expected and actual adverse drug-
drug interactions in elderly patients accessing the emergency department: data from the
ANCESTRAL-ED study. Expert Opin Drug Saf. 2016; 15:45-50.

Vol 30 No.01(2023):JPTCP(607-618) Page | 616



Assessment of Clinically Evident Drug Interactions among Inpatients: A Comprehensive Systematic Review

37.

38

39.

40.

41

42.

43.

44,

45

46.

47.

48.

49.

50.

51.

52.

53.

54.

Bucsa C, Farcas A, Cazacu I, et al. How many potential drug-drug interactions cause
adverse drug reactions in hospitalized patients? Eur J Intern Med. 2013; 24(1):27-33.

. Egger T, Dormann H, Ahne G, et al. Identification of adverse drug reactions in geriatric

inpatients using a computerised drug database. Drugs and Aging. 2003; 20(10):769-776.
Ray S, Bhattacharyya M, Pramanik J, Todi S. Prospective observational evaluation of
incidences and implications of drug-drug interactions induced adverse drug reactions in
critically Ill patients. Indian J Pharm Sci. 2011; 72(6):787.

Herr RD, Caravati EM, Tyler LS, lorg E, Linscott MS. Prospective evaluation of adverse
drug interactions in the emergency department. Ann Emerg Med. 1992; 21(11):1331-1336.

. Hammar T, Lidstro"m B, Petersson G, Gustafson Y, Eiermann B. Potential drug-related

problems detected by electronic expert support system: physicians’ views on clinical
relevance. Int J Clin Pharm. 2015; 37(5):941-948.

Van Der Sijs H, Aarts J, Vulto A, Berg M. Overriding of drug safety alerts in computerized
physician order entry. J Am Med Informatics Assoc. 2006; 13(2):138—147.

Weingart SN, Toth M, Sands DZ, Aronson MD, Davis RB, Phillips RS. Physicians’
Decisions to Override Computerized Drug Alerts in Primary Care. Arch Intern Med. 2003;
163(21):2625-2631.

Rodrigues AT, Stahlschmidt R, Granja S, Falcdo ALE, Moriel P, Mazzola PG. Clinical
relevancy and risks of potential drug-drug interactions in intensive therapy. Saudi Pharm
J. 2015; 23(4):366-370.

. De Andrade TNG, Silvestre CC, Cunha LC, et al. Pharmaceutical intervention assessment

in the identification and management of drug interactions in an intensive care unit. J Appl
Pharm Sci. 2015; 5(1):013-018.

Saverno KR, Malone DC, Kurowsky J. Pharmacy students’ ability to identify potential
drug-drug interactions. Am J Pharm Educ. 2009; 73(2).

Roblek T, Vaupotic T, Mrhar A, Lainscak M. Drug-drug interaction software in clinical
practice: A systematic review. Eur J Clin Pharmacol. 2015; 71(2):131-142.

Grizzle AJ, Mahmood MH, Ko Y, et al. Reasons provided by prescribers when overriding
drug-drug interaction alerts. Am J Manag Care. 2007; 13(10):573-578.

Bertoli R, Bissig M, Caronzolo D, Odorico M, Pons M, Bernasconi E. Assessment of
potential drug-drug interactions at hospital discharge. Swiss Med Wkly. 2010; 140(JULY).
Vanbach P, Dubied A, Beer JH, Kra"henbu hl S. Recognition and management of potential
drug-drug interactions in patients on internal medicine wards. Eur J Clin Pharmacol. 2007;
63(11):1075-1083.

Bleich GW, Bleich A, Chiamulera P, Sanches ACC, Schneider DSLG, Teixeira JJV.
Frequency of potential interactions between drugs in medical prescriptions in a city in
southern Brazil. Sao Paulo Med J. 2009; 127(4):206-210.

Paterno MD, Maviglia SM, Gorman PN, et al. Tiering Drug-Drug Interaction Alerts by
Severity Increases Compliance Rates. ] Am Med Informatics Assoc. 2009; 16(1):40—46.
Ra"tz Bravo AE, Tchambaz L, Kra'henbu'hl-Melcher A, Hess L, Schlienger RG,
Kra"henbu'hl S. Prevalence of potentially severe drug-drug interactions in ambulatory
patients with dyslipidaemia receiving HMG-CoA reductase inhibitor therapy. Drug Saf.
2005; 28(3):263-275.

In Brazil, the Clinical Pharmacy Council established regulations pertaining to the clinical
responsibilities of pharmacists.

Vol 30 No.01(2023):JPTCP(607-618) Page | 617



Assessment of Clinically Evident Drug Interactions among Inpatients: A Comprehensive Systematic Review

55. Van Mil JWF, Henman M. Terminology, the importance of defining. Int J Clin Pharm.
2016; 38(3):709-713.

56. Hines LE, Murphy JE, Grizzle AJ, Malone DC. Critical issues associated with drug—drug
interactions: Highlights of a multistakeholder conference. Am J Heal Pharm. 2011;
68(10):941-946.

57. Santos AS. Impacto dos servic,os de farma’cia cli’'nica em unidades de terapia intensiva:
uma revisdo sistema’tica. Aracaju SE: Programa de po’s-graduac,ao em ciéncias
farmacéuticas, Universidade Federal de Sergipe. 2016.

58. Grenzel ML, Grande AJ, Paniago AMM, Pompilio MA, Trajman A. Tuberculosis among
correctional facility workers: A systematic review and meta-analysis. PloS one. 2018;
13(11), €0207400.

Vol 30 No.01(2023):JPTCP(607-618) Page | 618



