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Abstract 

Clinical decision support systems have been widely used in 
healthcare, yet few studies have concurrently measured the 
clinical effectiveness of CDSSs, and the appropriateness of 
alerts with physicians’ response to alerts. We conducted a 
retrospective analysis of prescriptions caused disease-
medication related alerts. Medication orders for outpatients’ 
prescriptions, all aged group were included in this study. All 
the prescriptions were reviewed, and medication orders 
compared with a widely used medication reference 
(UpToDate) and other standard guidelines. We reviewed 
1,409 CDS alerts (2.67% alert rate) on 52,654 prescriptions 
ordered during the study period. 545 (38.70%) of alerts were 
overridden. Override appropriateness was 2.20% overall. 
However, the rate of alert acceptance was higher, ranging 
from 11.11 to 92.86%. The MedGuard system had a lower 
overridden rate than other systems reported in previous 
studies. The acceptance rate of alerts by physicians was high. 
Moreover, false-positive rate was low. The MedGuard system 
has the potential to reduce alert fatigue and to minimize the 
risk of patient harm.  
 
Keywords:  

Clinical decision support; disease-drug interaction; alert 

fatigue; patients safety. 

Introduction: 

The main and foremost purpose of the hosptial is to ensure 

patient safety and to deliver quality care [1]. Patient safety 

refers to reduce and prevent risk, errors and harm when patient 

visit hospitals for health. Unfortunately, hospital causes more 

harm than good which has raised mental, social, and financial 

burden. Recent evidence shows that many patients are harmed 

from their healthcare, resulting in potential injuries, 

unnecessary hospitalizations, or even deaths [2, 3]. However, 

medication erros have appeared as one of the main contributor 

to patients harm. Evidence from previous studies indicated that 

as many as 32.1% [4] to 94% [5] patients receive inappropriate 

treatment. In the USA, medication errors are the third-highest 

cause of death after heart diseases and cancer [6]. 
However, integration of clinical decision support systems 

(CDSS) into computer provider order entry (CPOE) help to 

improve patients safety and reduce medication errors [7]. 

CDSS helps physicians taking appropriate clinical decision by 

providing patient-specific recommendations. Previous studies 

reported that the rate of medication errors have significantly 

reduced after implementing CDSS with CPOE [8, 9]. In 

practice, up to 96% of alerts are overridden, raising 

fundamental questions about the actual effectiveness of CDSS 

in patient safety [10]. In fact, inappropriate override of 

clinically important alerts might cause potential harms to the 

patients. A significant number of studies reported a positive 

association between “alert fatigue” and override rate [11-13]. 
The objectives of this study were a) to characterize the 

frequency of alerts in different departments, b) to calculate the 

percentage of overriden alerts, c) to evaluate the 

appropriateness of overriden alerts. 

Methods: 

Data collection: We collected CDS alert data and response of 

physicians against alerts at the time of prescription from a 

university teaching hospital, Taipei, Taiwan over a period of 

one month from January 1, 2021 to January 31, 2021. We 

collected only drug-disease alerts from 27 different 

departments. Patients with all aged group with an outpatients 

ordering during the study were included. Data included 

number of alerts, frequency of alert overrides, frequency of 

accepted alerts and change the medication, and the number of 

accepted alerts and not change the medications. Alerts that 

were triggered more than once for the same order (duplicate 

alerts) were excluded from this study. 

Appropriateness criteria: Two pharmacists (TNP, MMI) 

developed review criteria and reviewed overridden alerts. 

They idependently review random sample of 250 overrides 

from various department for appropriateness. The inter-rater 

reliability was greater than 90%. 

Outcomes: Our primay outcome was the rate of overide alerts 

in the outpatient clinical settings. Secondary outcome was to 

check agree rate of triggered alerts and evaluate 

appropriateness of overide alerts.  

Statistical analysis: We examined and compared MedGuard 

alert override rates and the appropriateness of overrides among 

different departments. Comparisons are presented as counts 
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with percentages, and p values were calculated using the χ2 

test. 

Results: 

A total of 1,409 alerts triggered in 52,646 prescriptions (2.67% 

alert rate) during the one-month study period. A higher number 

of alerts were triggered in the cardiovascular medicine 

department (221), followed by neurology department (141) 

and gastroenterology department (104). However, the rate of 

overridden was higher in the division of Rheumatology (23 out 

of 27, 85.19%), followed by urology department (49 out of 76, 

64.47%) and Rehabilitation section (21 out of 37, 56.76%) 

(Table 1). 

Table 1: Breakdown of alert overrides in various department. 
Department Total 

alerts 
Override 

alerts 
Percentage 

Cardiovascular medicine 221 70 31.67 

Cardiovascular surgery  22 3 13.64 

Dermatology 87 22 25.29 

Division of Rheumatology  27 23 85.19 

Endocrinology  25 11 44.00 

Family medicine 36 16 44.44 

Gastroenterology  104 30 28.85 

Gynecology  71 25 35.21 

Hematology oncology  91 37 40.66 

Infectious disease  39 7 17.95 

Nephrology  20 11 55.00 

Neurology  141 69 48.94 

Neurosurgery  57 18 31.58 

Ophthalmology  20 7 35.00 

Orthopedic  68 30 44.12 

Otolaryngology 38 15 39.47 

Pediatrics 33 17 51.52 

Plastic surgery  15 4 26.67 

Psychiatry  21 5 23.81 

Radiation oncology  11 2 18.18 

Rectal surgery  25 6 24.00 

Rehabilitation Section 37 21 56.76 

Surgical  8 4 50.00 

Thoracic medicine 80 29 36.25 

Thoracic surgery 14 1 7.14 

Urology  76 49 64.47 

Others 21 13 61.90 

 

Table 2 shows the physicians response against alerts. The rate 

of acceptance was higher in Thoracic surgery (92.86%), 

followed by cardiovascular surgery (86.36%) and infectious 

disease (74.36%). However, physicians accepted the alerts but 

did not change drugs, higher in the department of thoracic 

surgery (92.86%), cardiovascular surgery (86.36%), plastic 

surgery (73.33%), and infectious department (71.79%).  

Table 2: Breakdown of alert acceptance rate. 
Department  TA A/C % A/NC %  TAC %  
Cardiovascular 

medicine 

221 10 4.52 70 31.67 80 36.20 

Cardiovascular 
surgery  

22 0 0 19 86.36 19 86.36 

Dermatology 87 9 10.34 42 48.28 51 58.62 

Division of 

Rheumatology  

27 0 0 3 11.11 3 11.11 

Endocrinology  25 1 4.00 13 52.00 14 56.00 

Family medicine 36 10 27.78 7 19.44 17 47.22 

Gastroenterology  104 6 5.77 63 60.58 69 66.35 

Gynecology  71 4 5.63 38 53.52 42 59.15 

Hematology 

oncology  

91 3 3.30 28 30.77 31 34.07 

Infectious 
disease  

39 1 2.56 28 71.79 29 74.36 

Nephrology  20 0 0 5 25.00 5 25.00 

Neurology  141 3 2.13 46 32.62 49 34.75 

Neurosurgery  57 1 1.75 36 63.16 37 64.91 

Ophthalmology  20 0 0 10 50.00 10 50.00 

Orthopedic  68 1 1.47 28 41.18 29 42.65 

Otolaryngology 38 6 15.79 17 44.74 23 60.53 

Pediatrics 33 3 9.09 3 9.09 6 18.18 

Plastic surgery  15 0 0 11 73.33 11 73.33 

Psychiatry  21 0 0 11 52.38 11 52.38 

Radiation 

oncology  

11 2 18.18 5 45.45 7 63.64 

Rectal surgery  25 2 8.00 15 60.00 17 68.00 

Rehabilitation 
Section 

37 3 8.11 8 21.62 11 29.73 

Surgical  8 1 12.50 3 37.50 4 50.00 

Thoracic 

medicine 

80 2 2.50 34 42.50 36 45.00 

Thoracic surgery 14 0 0 13 92.86 13 92.86 

Urology  76 4 5.26 8 10.53 12 15.79 

Others 21 0 0 7 33.33 7 33.33 

 

Table 3 shows that the examples of five overridden alerts. A 

52 years female patients with cardiac arrhythmia, unspecified 

was given almodipine. MedGuard triggered alert for 

amlodipine-cardiac arrhythmia, unspecified. However, 

physician override alert. Amlodipine is a calcium channel 

blocker, prescribe for angina and hypertension. It can also be 

prescribed in Raynaud phenomenon as a off-label indication.  

 

Table 3: Examples of five override alerts. 
Id Age  Gender  Claimed disease  Ordered drugs Disease-drug 

interaction alert 
1 52 Female  Cardiac arrhythmia, 

unspecified 

Amlodipine  Cardiac arrhythmia, 

unspecified-

Amlodipine 

2 69 Male |Cervical root 

disorders, not 

elsewhere classified  

|Occlusion and 

stenosis of right 

carotid artery 

|Paracetamol 

|Chlorzoxazone  

|Amlodipine 

|Celecoxib 

Occlusion and 

stenosis of right 

carotid artery-

Amlodipine 

3 69 Female |Pneumonia, 

unspecified 

organism 

|Moderate persistent 

asthma, 

uncomplicated 

Alprazolam  Pneumonia, 

unspecified 

organism-Alprazolam 

Moderate persistent 

asthma, 

uncomplicated-

Alprazolam 

4 58 Male  |Bronchopneumonia, 

unspecified 

organism  

|Allergic rhinitis, 

unspecified |Chronic 

obstructive 

pulmonary disease, 

unspecified 

|Acetylcysteine  

|Prednisolone 

|Amoxicillin and 

beta-lactamase 

inhibitor  

|Bisoprolol  

|Theophylline 

|Alprazolam 

Bronchopneumonia, 

unspecified 

organism-Alprazolam  

Allergic rhinitis, 

unspecified-

Alprazolam 

Chronic obstructive 

pulmonary disease, 

unspecified-

Alprazolam 

5 92 Female |Adhesive capsulitis 

of unspecified 

shoulder  

|Age-related 

osteoporosis with 

current pathological 

fracture, unspecified 

site, subsequent 

encounter for 

fracture with routine 

healing  

|Colles' fracture of 

left radius, 

|Clonazepam  

|Tocopherol (vit. 

E)  

Age-related 

osteoporosis with 

current pathological 

fracture, unspecified 

site, subsequent 

encounter for fracture 

with routine healing-

Clonazepam  

Table 4 shows the example of five accepted alerts. A 59 year 

female patient with chronic maxillary sinusitis was given. 
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acetylcystein, betahistine, alprazolam, and mometason. 

MedGuard triggered alert for alprazolam 

Table 4: Examples of accepted alerts. 
Id Age  Gender  Claimed disease  Ordered drugs Disease-drug 

interaction alert 
1 59 Female  |(Chronic) maxillary 

sinusitis 
|Acetylcysteine 
|Betahistine  
|Alprazolam 
|Mometasone 

(Chronic) 
maxillary sinusitis 
-Alprazolam 

2 64 Male |Enlarged prostate 
without lower urinary 
tract symptoms 
|Retention of urine, 
unspecified 

Atorvastatin Retention of 
urine, unspecified 
-Atorvastatin 

3 55 Male |End stage renal 
disease 

Bisoprolol |End stage renal 
disease -
Bisoprolol 

4 67 Male  |Calculus of ureter  
|Calculus of kidney 
with calculus of 
ureter  
|Urinary tract 
infection, site not 
specified  
|Enlarged prostate 
with lower urinary 
tract symptoms 

|Pentoxifylline 
|Tamsulosin 
and dutasteride 

Calculus of 
ureter-
Pentoxifylline 
Calculus of 
kidney with 
calculus of ureter-
Pentoxifylline 
Urinary tract 
infection, site not 
specified- 
Pentoxifylline  
Enlarged prostate 
with lower 
urinary tract 
symptoms-
Pentoxifylline  
 

5 73 Female |Polycythemia vera 
|Hyperlipidemia, 
unspecified 
|Atherosclerotic heart 
disease of native 
coronary artery 
without angina 
pectoris 

Heparin Polycythemia 
vera-Heparin 
Hyperlipidemia, 
unspecified-
Heparin 
Atherosclerotic 
heart disease of 
native coronary 
artery without 
angina pectoris-
Heparin 

Appropriateness of override alerts: 500 override alerts were 

evaluated for appropriateness. However, 489 of 500 alerts 

were inappropriately overridden. The rate of the 

appropriateness of override alert was only 2.20%. Few 

examples of appropriate overridden alerts were: clonazepam 

& occipital neuralgia; amlodipine & Pure 

hypercholesterolemia; amlodipine & Raynaud's syndrome 

without gangrene; quetiapine & Anxiety disorder, unspecified.  

Discussion  

Our study illustrates that physicians inappropriately override 

the vast majority of alerts during prescriptions at a university 

hospital. However, the rate of acceptance was higher in 

different departments, ranging from 11.11 % to 92.86%. The 

rate of false-negative was very low that indicates the 

potentiality of MedGuard for ensuring patients safety and 

reducing adverse effects.  

 
In practice, CDSS triggers alerts at the point of prescribing can 

lessen medication errors and potential harms [14, 15]. In 

practice, however, CDSS generate an excessive number of 

alerts, and the majority of alerts are not clinically important. 

Therefore, a clinician’s likelihood of accepting alerts has been 

decreased, and 49–96% of alerts are overridden by physicians 

during ordering [16]. Previous studies found no association 

between override rate and physician workloads, such as the 

number of patients seen and number of encounters [17]. It is 

mainly due to excessive and repetitive alerts. A significant 

number of studies suggested that reduction of repetitive alerts 

could be a promising target for lessening alert override rates 

and alert fatigue [17, 18]. 

 
MedGuard had lower alerts and higher acceptance rate than 

previously reported in various studies [13, 19]. Moreover, 

false-negative alerts were very low that ensures the overall 

effectiveness of MedGuard in the real-world clinical setting. 

However, the acceptance rate was lower in several 

departments, and MedGuard system needs to find an effective 

way to increase trust among physicians who had accepted 

alerts but did not change the medications. Providing monthly 

report indicating inappropriate override can help to shape 

physicians prescribing behaviors and improve acceptance rate. 

Conclusion 

The findings of this study show that lower number of 

MedGuard alerts were overridden by physicians and the rate 

of appropriateness of overridden alerts were low. Moreover, 

acceptance rate of MedGuard alerts were higher in all 

departments. Implementation of MedGuard ( 

https://www.aesoptek.com/) could reduce alert fatigue and 

improve patient safety by reducing potential harms.  

References 

[1] Salar A, Kiani F, Rezaee N: Preventing the medication 

errors in hospitals: A qualitative study. International 
Journal of Africa Nursing Sciences 2020, 13:100235. 

[2] Kohn LT, Corrigan JM, Donaldson MS: Errors in 

health care: a leading cause of death and injury. In: To 
err is human: Building a safer health system. edn.: 

National Academies Press (US); 2000. 

[3] Rodziewicz TL, Hipskind JE: Medical error 

prevention. 2018. 

[4] Sutherland A, Canobbio M, Clarke J, Randall M, 

Skelland T, Weston E: Incidence and prevalence of 

intravenous medication errors in the UK: a systematic 

review. European Journal of Hospital Pharmacy 2020, 

27(1):3-8. 

[5] Assiri GA, Shebl NA, Mahmoud MA, Aloudah N, 

Grant E, Aljadhey H, Sheikh A: What is the 

epidemiology of medication errors, error-related 

adverse events and risk factors for errors in adults 

managed in community care contexts? A systematic 

review of the international literature. BMJ open 2018, 

8(5). 

[6] Makary MA, Daniel M: Medical error—the third 

leading cause of death in the US. Bmj 2016, 353. 

[7] Poly TN, Islam MM, Yang H-C, Li Y-CJ: 

Appropriateness of overridden alerts in computerized 

physician order entry: systematic review. JMIR 
medical informatics 2020, 8(7):e15653. 

[8] Vardi A, Efrati O, Levin I, Matok I, Rubinstein M, 

Paret G, Barzilay Z: Prevention of potential errors in 

T.N. Poly et al. / Clinical Usefulness of Drug-Disease Interaction Alerts from a Clinical Decision Support System328

https://www.aesoptek.com/


 

resuscitation medications orders by means of a 

computerised physician order entry in paediatric 

critical care. Resuscitation 2007, 73(3):400-406. 

[9] Nuckols TK, Smith-Spangler C, Morton SC, Asch 

SM, Patel VM, Anderson LJ, Deichsel EL, Shekelle 

PG: The effectiveness of computerized order entry at 

reducing preventable adverse drug events and 

medication errors in hospital settings: a systematic 

review and meta-analysis. Systematic reviews 2014, 

3(1):1-12. 

[10] Van Der Sijs H, Aarts J, Vulto A, Berg M: Overriding 

of drug safety alerts in computerized physician order 

entry. Journal of the American Medical Informatics 
Association 2006, 13(2):138-147. 

[11] Carspecken CW, Sharek PJ, Longhurst C, Pageler NM: 

A clinical case of electronic health record drug alert 

fatigue: consequences for patient outcome. Pediatrics 
2013, 131(6):e1970-e1973. 

[12] Weingart SN, Toth M, Sands DZ, Aronson MD, Davis 

RB, Phillips RS: Physicians' decisions to override 

computerized drug alerts in primary care. Archives of 
internal medicine 2003, 163(21):2625-2631. 

[13] Nanji KC, Slight SP, Seger DL, Cho I, Fiskio JM, 

Redden LM, Volk LA, Bates DW: Overrides of 

medication-related clinical decision support alerts in 

outpatients. Journal of the American Medical 
Informatics Association 2014, 21(3):487-491. 

[14] Bates DW, Leape LL, Cullen DJ, Laird N, Petersen LA, 

Teich JM, Burdick E, Hickey M, Kleefield S, Shea B: 

Effect of computerized physician order entry and a 

team intervention on prevention of serious medication 

errors. Jama 1998, 280(15):1311-1316. 

[15] Kaushal R, Shojania KG, Bates DW: Effects of 

computerized physician order entry and clinical 

decision support systems on medication safety: a 

systematic review. Archives of internal medicine 2003, 

163(12):1409-1416. 

[16] Wright A, McEvoy DS, Aaron S, McCoy AB, Amato 

MG, Kim H, Ai A, Cimino JJ, Desai BR, El-Kareh R: 

Structured override reasons for drug-drug interaction 

alerts in electronic health records. Journal of the 
American Medical Informatics Association 2019, 

26(10):934-942. 

[17] Ancker JS, Edwards A, Nosal S, Hauser D, Mauer E, 

Kaushal R: Effects of workload, work complexity, and 

repeated alerts on alert fatigue in a clinical decision 

support system. BMC medical informatics and decision 
making 2017, 17(1):1-9. 

[18] Slight SP, Beeler PE, Seger DL, Amato MG, Her QL, 

Swerdloff M, Dalleur O, Nanji KC, Cho I, Maniam N: 

A cross-sectional observational study of high override 

rates of drug allergy alerts in inpatient and outpatient 

settings, and opportunities for improvement. BMJ 
quality & safety 2017, 26(3):217-225. 

[19] Seidling HM, Phansalkar S, Seger DL, Paterno MD, 

Shaykevich S, Haefeli WE, Bates DW: Factors 

influencing alert acceptance: a novel approach for 

predicting the success of clinical decision support. 

Journal of the American Medical Informatics 
Association 2011, 18(4):479-484. 

 

Address for correspondence 
Yu-Chuan (Jack) Li, MD, PhD 

Graduate Institute of Biomedical Informatics, College of Medical 

Science and Technology, Taipei Medical University, Taipei, 

Taiwan. 

Email: jaak88@gmail.com/ jack@tmu.edu.tw 

T.N. Poly et al. / Clinical Usefulness of Drug-Disease Interaction Alerts from a Clinical Decision Support System 329

mailto:jaak88@gmail.com/

