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This study was designed to investigate the state quo of the appropriateness of alerts overrides of the 
medication-related clinical decision support system (MRCDSS) in China. The medication-related 
alerts in one hospital from Jan 2022 to Dec 2022 were acquired and sampled. Rates of alert overrides, 
appropriateness of alert generation and physicians' responses were observed. Total 14,612 medication-
related alerts (≤ level 3) were recorded, of those, 12,659 (86.6%) alerts were overridden. The top 3 
alert types were: drug and diagnosis contraindications (23.8%), drug and test value contraindications 
(23.3%), and compatibility issues (17.7%). Of all sampled 1,501 alerts, 80.2% of them were 
appropriately overridden by the physicians. The appropriate rate of alert generation was 57.9% and the 
inappropriate rate was 42.1%. The inappropriate rate of physicians' responses was 17.8%, and 2.0% 
physicians' responses were undetermined. A few medications accounted for over 10% of overrides, 
88.3% of "overridden reasons" inputted by the physicians were meaningless characters or values, 
indicating an obvious "alert fatigue" in these physicians. Our results indicated that the overridden rate 
of MRCDSS in China was still high, and appropriateness of generation of alert was quite low. These 
data indicated that the MRCDSS currently using in China still needs constantly optimization and 
timely maintenance. Proper sensitivity to reduce triggering of useless alerts and generation of alert 
fatigue might play a vital role. We believed that these findings are helpful for better understanding the 
state quo of MRCDSS in China and providing useful insights for future developing and improving 
MRCDSS.

1. Introduction

Medication-related clinical decision support system 
(MRCDSS) has become an indispensable component 
of hospital information system (HIS) (1). It's algorithms 
commonly include data of clinical characteristics 
of patients (demographic data, results of laboratory 
examinations, severity, etc.), drug instructions based 
on pharmacopoeia, and clinical guidelines (2). Once 
the medical orders are determined as "risky", it may 
generate "alerts", which are reportedly more specific 
than alerts from basic medication surveillance (2). Most 
of MRCDSS alerts are interruptive, and require users to 

choose "accept" or "override" the alerts before continuing. 
Alerts from MRCDSS cannot be ignored during the 
processes of making a medical order, which are greatly 
helpful for the physicians to prevent potential errors 
during the prescription. However, due to the limitations 
of software and algorithms (2), alerts generated by the 
MRCDSS might be "appropriate" or "inappropriate", of 
those, many alerts might be overridden by the physicians 
in light of the clinal pathophysiological state of a certain 
patients. Meanwhile, the responses of physicians are 
also not always appropriate. Thus, evaluation of the 
override rate is useful for better understanding the 
state quo of the performance of the MRCDSS in use 
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and the knowledge, attitude and practice (KAP) of the 
physicians concerning the MRCDSS which is important 
to improve the performance of MRCDSS, fix the bugs of 
software, and carry out education/training to improve the 
operation skill of the physicians. Poly et al. reviewed that 
approximately 46.2%-96.2% of alerts were overridden, 
of those, 29.4%-100% of the overrides alerts were 
identified as "appropriate" (3). Another study in Australia 
reported that approximately 90% physicians complained 
that too many alerts were triggered in the electronic 
medical records (EMRs). They therefore suggested that 
most of alerts should be removed and the alerts should be 
triggered with a more specific and less sensitive manner 
(4). A study in Korea found that the override rate of alerts 
of MRCDSS was 92.9%. Conversely, only 7.3% of the 
alerts were clinically appropriate. Too many unnecessary 
alerts were generated (1). These published findings 
indicate that the MRCDSS so far is far from satisfactory. 
Main problem lies in oversensitivity of the MRCDSS 
induces too many unnecessary alerts are generalized, 
which may make the medical staff fatigue and begin to 
ignore the alert information. Such negative attitude to the 
alerts of MRCDSS might lead an inappropriate override, 
which are reportedly associated with enhanced risk of 
generation of adverse events during the clinical practice 
(5,6). Hence, development of more optimized algorithms 
for MRCDSS has been an ultimately task for global 
researchers, which first step is grasping the state quo of 
alert generation and override rate of the MRCDSS in use 
in a certain country. However, these data are unreported 
and unavailable in China, which has limited development 
of better algorithms for MRCDSS in China.
 On the basis of the aforementioned backgrounds, 
we designed this single-center,  observational, 
retrospective study to investigate the state quo of 
MRCDSS performance in China. We attempt to provide 
useful information regarding the type of overridden 
alert, appropriate rate of alert display, and physicians' 
responses. We believe that the findings of the present 
study are helpful for development of optimized 
algorithms for MRCDSS in China.

2. Materials and Methods

2.1. The rational medication smart prescription review 
system currently used in China

All data of the present study were acquired from the 
medical records of the HIS (HIS, Winning Health 
Technology Group Co., Ltd., China) in a 1200-bed 
comprehensive hospital. All medication orders were 
inputted to the system, then the medication-related 
clinical decisions were firstly made by a commercial 
Rational Medication Smart Prescription Review software 
(Visense Technology Co., Ltd., China, http://www.
ivisense.com/), which is a representative and widely 
used MRCDSS software in hospitals in China (7-9). 

The knowledge base of this software includes enormous 
quantity of drug instructions, the Chinese Pharmacopoeia 
and Chinese Pharmacopoeia Clinical Medication 
Instruction (10). This system can conduct risk review of 
all inputted medication orders based on the 6-category 
build-in drug use risk review rules including dose 
range, drug interactions, drug duplicate, compatibility 
issues, administration route, contraindications. Once 
the system detected a medical order was "risky", it 
would general the alerts. All alerts are displayed in one 
window. A single drug may generate multiple alerts, 
which are individually counted in the data table. This 
system can provide four levels of alerts. Level 1 to level 
4 are presented from strength to weak. Level 1 alerts are 
mandatory. Accordingly, involved medical orders were 
directly intercepted and physicians must the modify 
prescriptions. Level 2 alerts are determinable, physicians 
are allowed to choose accept or override the alerts. If 
they choose "accept", they need to modify the prescribed 
medications; if they choose "override", they need to state 
the reasons for the override. Level 3 alerts are reminder 
only, the physicians need not revise the prescriptions 
or enter the reasons for override. Level 4 alerts is not 
prompted which are only recorded in the back end.

2.2. Experimental design

This is a single-center, observational, retrospective 
study based on the medication-related alerts with levels 
2 and 3 generated by the HIS from January 2022 to 
December 2022. All the alerts were processed with 
stratified sampling in random using the combination 
of "department + drug name + alert type" with the 1% 
sampling rate and at least one case per combination. The 
appropriateness of each alert override was independently 
analyzed by 2 clinical pharmacists and their consistency 
was tested as well. In case of any disagreement, 
discussion would be held by 1 clinical physician to reach 
mutual agreement.
 This study used the evaluation framework described 
in a previous study (11). Alerts are classified by the 
results of appropriateness evaluation. Due to the fact 
that Level 3 alerts do not have reasons of override, 
there are situations that their appropriateness could not 
be determined, which were defined as "non-decidable" 
here. In brief, the appropriateness of alert overrides 
includes both appropriateness of alert generation 
and appropriateness of physicians' responses. The 
appropriateness of alert generation refers to the situation 
whether the alert is appropriately generated when 
the conditions reach the criteria of the rule of "risky" 
including the administrative, laboratory, and treatment-
related data and trigger the alerts. Alerts might be 
incorrectly triggered due to the system deficiencies 
(such as lack of data and maintenance errors, or bugs of 
software) are considered "inappropriate". Appropriate 
physicians' responses refer to the situations that the 
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evaluation in two clinical pharmacists was verified using 
a Cohen's Kappa approach (12), where a score above 
0.8 was considered as good consistency. P < 0.05 was 
considered as the significant difference.

3. Results

A total of 303,600 medication orders of 31,625 admitted 
patients involving 1,513 types of drugs were involved in 
this study. Of those, 60,497 alerts were generated, with 
14,612 alerts ≤ level 3, of which 12,659 (86.6%) alerts 
were overridden. Finally, a total of 1,501 alerts involved 
1,387 patients were randomly sampled according to 
combination of "department + drug name + alert type" 
(Figure 1).
 The baseline data were presented in Table 1. Of 
all involved patients, 52.42% were male and 47.58% 
were female, 72.23% patients were aged over 60 years. 
The severity of comorbidities assessed by Charlson 
Comorbidity Index shows that 40.88% of patients had 
a score of 6 or above. In terms of the department-wise, 
general surgery, oncology-hematology, critical care 
medicine, and nephrology were the main departments 
covered by the alerts, contributing 51.3% alert. Most of 
the patients had a single overridden alert (Table 1).
 Table 2 shows the appropriateness of alert generation 
and physicians' responses. The total appropriate rate of 

physicians have to override the alerts based on the 
patients' conditions, or evaluation of the benefits/
risks of the medications in light of guidelines, expert 
consensus, and literature data, although the alerts are 
relevantly and accurately generated. We provided the 
evaluation criteria of overridden criteria in Table S1 
in various situations (Table S1, http://www.ddtjournal.
com/action/getSupplementalData.php?ID=198), which 
were developed by senior pharmacists. In addition, 
the demographic data in the patients of the involved 
recorders, including gender, age, severity evaluated by 
Charlson comorbidity index, and the number of alert 
overrides were acquired from the EMRs.
 This study was designed and conducted as per the 
guidelines of the Declaration of Helsinki of the World 
Medical Association (2000), and was approved by the 
Ethics Committee of Longhua Hospital of Shanghai 
University of Traditional Chinese Medicine (approval 
number: 2024LCSY013). Informed consent was signed 
by the tested clinical pharmacists.

2.3. Analysis

A SPSS software (V 25.0, IBM, USA) was used 
for statistical analysis. The alert override rate and 
appropriateness of alert overrides of different alert 
types were presented in percentage. The consistency of 

Figure 1. The flow chart of the present study.

http://www.ddtjournal.com/action/getSupplementalData.php?ID=198
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physician's responses regarding alert display was 80.2% 
whereas the inappropriate rate was 17.8%. Meanwhile, 

the total appropriate rate of alert display was 57.9% 
whereas the inappropriate rate was 42.1%. In the 
appropriate generated alert display, 38.1% of physician's 
responses were correct, whereas 17.8% were incorrect. 
In addition, 2.0% of the physician's responses could not 
be determined. With respects to the inappropriate alert 
display, the appropriate rate of physician's response was 
42.1%. No incorrect/undetermined responses were found 
for the inappropriate alert display (Table 2). Data of 
Cohen's Kappa coefficients measuring the consistency 
between two clinical pharmacists show that the Kappa 
for alert display was 0.884 (95% CI: 0.86-0.91, P < 
0.0001), and for physician's responses was 0.923 (95% 
CI: 0.89-0.94, P < 0.0001), indicating a satisfactory 
consistency between the evaluators (Table 3).
 Main reasons for overriding alert might lie in 
evidence-based support, need for evaluation of the 
therapeutic benefits and potential risks, and need for 
ongoing monitoring of indicators. Figure 2 shows 
the counts of overridden alerts classified with the 
reasons. The top 3 overriding reasons were drug and 
disease contraindications (23.8%), drug and test value 
contraindications (23.3%) and compatibility issues 
(17.7%) (Figure 2). Table 4 shows some examples of 

Table 1. The demographic data in patients of the involved 
recorders

Items

Gender
     Female
     Male
Age (years)
     ≤ 49
     50-59
     60-69
     70-79
     ≥80
Severity (by Charlson comorbidity index)
     0
     1
     2
     3
     4
     5
     ≥ 6
Number of alert overrides, n (%)
     1
     2
     ≥ 3

Patients, n (%)

  727 (52.42%)
  660 (47.58%)

  195 (14.06%)
  190 (13.70%)
  383 (27.61%)
  350 (25.23%)
  269 (19.39%)

  66 (4.76%)
  51 (3.68%)

  142 (10.24%)
  152 (10.96%)
  201 (14.49%)
  208 (15.00%)
  567 (40.88%)

1282 (92.43%)
  97 (6.99%)
    8 (0.58%)

Table 2. Evaluations on appropriateness of alert generation and physicians' responses

Alert display

Appropriate
Inappropriate
Total

Appropriate

  572 (38.1%)
  632 (42.1%)
1204 (80.2%)

Physicians' responses, n (%)

Inappropriate

267 (17.8%)
  0 (0.0%)

267 (17.8%)

Non-decidable

30 (2.0%)
  0 (0.0%)
30 (2.0%)

Total

   869 (57.9%)
   632 (42.1%)
1501 (100%)

Table 3. Assessments of consistency of the two clinical pharmacists

Kappa

Value

0.884

Alert display

S. E

0.012

Sig

< 0.0001**

Value

0.923

S. E

0.013

Sig

< 0.0001**

Physicians' responses

Figure 2. Distribution map of overridden alert types
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generation of alert and the responses of physicians. 
Total 417 drugs/administrations, including injection of 
potassium chloride, ferrous succinate sustained-release 
tablets, and injection of epinephrine, triggered alerts, 
which accounted for over 10% of alerts (Table 4). In light 
of the system-provided inputting alert override reasons, 
88.3% of the alert overrides reasons were inputted as 
some meaningless characters or values, such as "123", 
"aaa", etc., which indicated that an obvious "alert fatigue" 
existed, which made the physicians become impatient to 
the alerts, as well as the following overrides.

4. Discussion

MRCDSS is useful to improve the safety of medication 
(13). However, if the system has flaws, such as 
oversensitivity, it might bring fatigue to the physicians 
and have a negative impact to the working efficiency 
(1,4), and potentially increase the adverse events of 
drugs (5,6). Constantly improvement of the algorithms 
is therefore indispensable, of those, understanding the 
state quo of the MRCDSS in practice is the first step. To 
the best of our knowledge, the present study is the first 
one to investigate the appropriateness of alerts generated 
by MRCDSS and the physician's responses in China. 
Our results show that 86.6% of alerts ≤ level 3 were 
overridden. Of the 1501sampled alerts, 80.2% were 
appropriately overridden. Of the sampled 1,501 alerts, 
57.9% were appropriately generated and 42.1% were 
inappropriately generated. The top 3 alert types were 
drug and diagnosis contraindications (23.8%), drug and 
test value contraindications (23.3%), and compatibility 
issues (17.7%). In terms of the physicians' responses, 
80.2% were appropriate, 17.8% were inappropriate, 
and 2.0% were undetermined. Most of the overrides 
reasons (88.3%) were inputted as meaningless characters 
or values, rather than cautiously inputted information. 
This phenomenon indicated that the physicians were 
quite impatient to the meaningless alerts, and had "alert 
fatigue". Our data suggested that the MRCDSS now 
using in China is far from satisfactory. More efforts on 
optimization of the system and algorithms are anticipant. 
We believe the findings of the present study are useful 
for better understanding the state quo of the MRCDSS in 
China.

4.1. Appropriateness of alert generation in MRCDSS in 
China

Our results show that 86.6% of alerts ≤ level 3 were 
overridden, and 57.9% of alerts were appropriately 
generated of the sampled 1501 alerts (Table 2), whereas 
42.1% were inappropriate. The top 3 alert types were 
drug and diagnosis contraindications, drug and test 
value contraindications, and compatibility issues (Figure 
2). In comparison with an analogous in Korea (1), our 
overridden rate was lower (86.6% vs. 92.9%). Because of 
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the difference of clinical guidance, pharmacopeia, habits 
of drug usage, and MRCDSS per se are quite different 
among different countries, these data might could not 
be compared directly. But the data in this study and in 
Korea were in a review paper (3), namely the ranges 
of overridden rate (46.2%-96.2%), and the appropriate 
rate (29.4%-100%). The potential reasons caused high 
overridden rate in our system might be: i) errors of 
trigger data, ii) lack of system functionality, iii) failure of 
unstructured text to be involved, iv) alerts content did not 
match drug instructions. Our data along with the previous 
studies (1,3,4) also supported that the MRCDSSs in 
practice by far are far from satisfactory. The most 
predominant problem is the oversensitivity of the system, 
that generates many useless and unnecessary alerts, 
which therefore must be overridden. However, the alerts 
can be reduced and become more specific by optimizing 
the knowledge base and updating the drug instruction. 
Some researchers developed a Disease-Drug Interaction 
Scoring Tool (DIST) based on available newest 
evidence, patient relevance and evidence credibility (14). 
Once this DIST were added and applied to the Kaiser 
Permanente's drug-disease knowledge base, the monthly 
alerts reduced from 32,045 to 1,168 (15). Since the drug 
instruction might be outdated in comparison with the 
newest evidence, constantly updating the knowledge 
base is indispensable. Another important issue is the 
severity of illness. An example of chronic kidney 
disease (CKD) can support this issue. Alerts of "use of 
contraindicated drugs" are more commonly triggered 
in patients with CKD stage 4 (vs. the other stages) due 
to the complicated pathophysiological states (16). To 
quantify the contraindications in drug and diagnosis, we 
suggest that disease, particularly the chronic diseases 
like hypertension, diabetes, and CKD, should be 
stratified by severity as mild, moderate and severe to 
improve the appropriateness of alerts. In addition, we 
found that several drugs, such as potassium chloride 
injection, ferrous succinate sustained-release tablets and 
epinephrine injection, accounted for more than 10% of 
overrides (Table 4). To reduce the alert override rate, 
selection of targeted interventions might be a solution. In 
a word, the MRCDSS requires timely maintenance, data 
updating, optimization of the algorithms, and fix of the 
bugs. Importantly, the sensitivity of triggering the alerts 
should be adjust to a proper level to avoid generation of 
inappropriate alerts.

4.2. Appropriateness of physicians' responses

Appropriate rate of the physicians' responses in this 
study were 80.2%, whereas 17.8% were inappropriate, 
and 2.0% were undetermined. The reliability of the 
physicians' responses was confirmed by assessments 
of the consistency of the two clinical pharmacists 
(Table 3). Our appropriate rate is lower than that of 
Korea study (92.4%) (1). The higher appropriate rate of 

physicians' response than alerts generation indicated that 
the MRCDSS so far is still in a developing state, which 
requires constantly optimization. The appropriateness 
of physicians' response is decided by two aspects. One 
aspect is the factor of physicians. Certainly, KAP of 
physicians can certainly affect the appropriateness, 
but both the present study and Korea study reported a 
relative higher rate of physicians' response, indicates 
that the professional ability of the physicians is reliable. 
Thus, the KAP factor might play a less role in the 
appropriateness of the physicians' responses. Another 
aspect is the factor of MRCDSS, we believe that the 
flaws of the MRCDSS may be a more remarkable factor 
to influence the appropriateness of physicians' responses. 
Based on the oversensitive nature of the MRCDSS so 
far, most of the alerts were meaningless and unnecessary. 
This will cause a "cry wolf" effect, and bring fatigue to 
the physicians, which make the physicians are prone 
to ignore the alerts, and impact the appropriateness of 
physicians' responses. The problem of "alert fatigue" 
has been a main limitation of MRCDSS which might 
lower the application effects of MRCDSS, and requires 
urgent resolution (17). Thus, appropriate sensitivity and 
accuracy of MRCDSS can reduce generation of useless 
alert and related alert fatigue, which is the improvement 
direction in developing and maintaining the MRCDSS. 
Additionally, Dekarske et al. found that physicians 
tend to choose predefined override reasons if the list of 
override reasons is available. Accordingly providing an 
appropriate list of override reasons might be helpful (18).

4.3. Recommendation and insights

On the basis of our results and our clinical experience, the 
following issues are recommended as for development 
and optimization of the MRCDSS system: i) High-level 
newest evidence, such as clinical guideline, must be 
imported to the system during each optimization, and be 
ensured if it can be implemented correctly. ii) Our data of 
appropriateness of both alert generation and physicians' 
responses supported that appropriate sensitivity and 
accuracy of generating alerts contribute to reduction 
of the useless alerts and avoiding the "alert fatigue" of 
physicians, which play a vital in the future development/
optimization of MRCDSS system. iii) Delays of data 
synchronization should be eliminated. Natural language 
processing is recommended being used to solve the 
problems such as lack of structured data partially. iv) 
The alert system should be periodically reviewed and 
maintained to reduce generation of useless alerts. v) 
Alert-review-rules should be constantly optimized. 
High-frequency alerts against certain drugs shall be 
noticed and evaluated. Accuracy of these alerts should 
be checked and useless alerts should be timely removed. 
All the flaws and bugs should be revised in time. vi) The 
human-computer interaction interface should be friendly. 
For example, the drop-down menu should be designed 
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to allow selection of the override reasons, which can be 
customized and revised as per the actual situation.

4.4. Strengths and limitations of the present study

This study has several strengths: i) This is the first 
study describing the state quo of MRCDSS actually in 
practice in China. ii) We sampled 1501 alert recorders 
from 12,659 overridden medical orders, which sample 
size is higher than the analogous published studies. iii) 
The consistency between two clinical pharmacists was 
evaluated using the Cohen's Kappa coefficients, the 
results indicate that the results of the appropriateness of 
the physicians' responses were reliable. iv) MRCDSS 
evaluated in this study is a commonly used system 
in hospitals in China (19). The results of the present 
study contribute to better understanding the state quo 
of MRCDSS in China and providing useful insights for 
developing and improving MRCDSS in the future.
 Meanwhile, this study also has several limitations: 
i) This is a single-center study, the data of the present 
study were acquired in one hospital, which might have 
limited representativeness. ii) We conducted only an 
observational study, many important issues, like the 
relationship between adverse events and overridden 
alerts, illness severity and overridden alerts, were not 
investigated. All these limitations will be addressed in 
our following investigations.

5. Conclusion

This one-center, observational, one-center study 
evaluated the appropriateness of overridden alerts 
of MRCDSS in China. Our data indicated that the 
overridden rate was still high, and appropriateness of 
generation of alert was only 57.9%. These data indicated 
that the MRCDSS so far needs constantly optimization 
and timely maintenance. Of those, proper sensitivity to 
reduce triggering of useless alerts and generation of alert 
fatigue in physicians might play a vital role, which is 
highly anticipated.
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