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Abstract
Background

Medication process complexity could cause confusion among healthcare professionals (HCPs) and patients and lead to medication errors. This nationwide
study aimed to characterize the types of medication errors and determine the error occurs in different stages of the medication process.

Methods

This was a retrospective observational study of medication errors reported by 265 government hospitals and primary care centers during the period of March
2018 to June 2019. The reported information include several aspects of medication errors, including patient information, medication information, error
information, and the level of staff reporting and causing the error. The medication use process was categorized into ordering/prescribing, transcribing,
dispensing, administering, and monitoring.

Results

A total of 71,332 medication error reports were reported between March 2018 and June 2019. The reported errors involved patients aged <10 (12,1312; 17.3%)
and >60 (8,857; 12.4%) years, and the medication error rate was estimated to be 0.15%. Errors were frequently made by physicians 63120 (88.5%) and
frequently detected by pharmacists (75.9%). The majority of errors were detected at the prescribing stage (84.8%), followed by the transcribing (5.8%) and
dispensing (5.7%) stages. A total of 4,182 (5.8%) errors reached the patient. Work overload of staff was associated with one-third of the reported errors
(31.6%), and 22.7% of the errors were due to a lack of experience among HCPs.

Conclusions

The study highlights the concern regarding medication errors occurrence during different medication use process. Despite all efforts, prescribing stage is still a
big concern as source of harm to the patients.

Background
Medication is an integral part of the management and treatment of many health conditions. However, with an increase in medication use comes a potential
risk of harm, which is compounded by the increased use of multiple medications to treat various complex medical conditions, especially in older adults.
Furthermore, preventable adverse events (AEs) associated with medications have been considered the main cause of harm in hospitalized patients [1]. Among
these patients, and the rate of incidence of AEs has been reported to be between 3% and 17% [2–4].

In the United Kingdom, a signi�cant number of AEs were reported to occur due to medication errors, which led to injury in 2–15% of patients admitted to
hospitals [2]. Fortunately, medication errors are considered the most preventable causes of patient harm [2, 5]. According to the National Health Service (NHS),
the estimated avoidable costs of ADR are £ 98.5 million annually, and ADR causes 712 deaths, contributes to 1,708 deaths and consumes 181,626 bed days
[6].

The medication use process is complex, involving multiple steps and a variety of personnel [7]. Although errors can occur at each step of the medication-
management process, a large number of errors occur during medication administration [8]. In fact, the majority of medication errors involve either
administration at an incorrect time (50%) or dose omissions (42%). [9] In the United Kingdom, the National Patient Safety Agency reported that approximately
50% of all errors are related to drug administration [10]. Furthermore, medication administration errors account for 5–20% of all medication errors in the United
States. It has been estimated that these errors cost the US healthcare system approximately $380 million and harm at least 1.5 million patients annually [11].

The release of the Institute of Medicine’s report “To Err is Human” brought attention to the problem of medical errors and sparked a debate about how best to
reduce them [12]. This debate initially focused more on reactive methods, such as error reporting, than on proactive methods, such as a good system design
[13]. Thus, error- or event-reporting systems initially received the most attention and funding. Even the most recent report by the Institute of Medicine on patient
safety heavily focused on reporting systems [14], despite research over the past decade showing that hospital personnel did not report errors in general and
that only 5% of signi�cant errors were reported [15]. In Saudi Arabia, few studies have examined the reporting pattern of medication errors among healthcare
providers. One study found that 44.8% of healthcare practitioners never reported medication errors [16].

Saudi Arabia currently has a public and private healthcare system. Currently, the Ministry of Health is the country’s leading healthcare provider, overseeing a
total of 282 hospitals (43,080 beds) and 2,361 primary healthcare centers. The ministry provides approximately 60% of the total healthcare services offered to
citizens and residents of the country [17]. One of the main goals of the ministry is to improve patient safety by gathering more information about medication
errors, maintaining a database of these errors to analyze the contributing factors associated with these errors, and utilizing the data to establish strategies to
reduce the incidence of medication errors.

To understand the extent of medication errors in Saudi Arabia, we intended to assess medication errors reported to the General Department of Pharmaceutical
Care of the Ministry of Health of Saudi Arabia. Speci�cally, our aims were to characterize the types of errors and to determine the stages of the medication
process in which the errors occurred. In addition, we aimed to identify the groups of healthcare providers who detected and reported errors as well as the
potential causes of the errors and the classes of medication involved.

Methods
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Study design and data source
This was a retrospective observational study of electronic medication errors reported to the General Department of Pharmaceutical Care of the Ministry of
Health of Saudi Arabia. The electronic medication error database was structured based on the United States National Coordinating Council (NCC) for
Medication Error Reporting and Prevention (MERP) taxonomy of errors. The database comprised medication error reports from 265 government hospitals and
primary care centers for the period of March 2018 to June 2019.

The Minsistry of Health medication error reporting system
The process by which medical staff report medication errors after the discovery of these errors includes the following: 1) completing the paper-based reporting
form, 2) sending the form to a medication safety o�cer within 24 hours, and 3) assessing the event and conducting a root cause analysis. A medication
safety o�cer records the error on the website of the General Department of Pharmaceutical Care of the Ministry of Health. The system aims to collect
complete information regarding all aspects of medication errors, including patient information (e.g., sex and age), medication information (i.e., drug name,
drug class, route of administration, and dosage form), error information (i.e., date, description of the error, and contributing factors), and the job level of staff
reporting and causing the error. Error reporting is voluntary and can be completed by any medical staff member. The NCC MERP de�nes a medication error as
follows: “A medication error is any preventable event that may cause or lead to inappropriate medication use or patient harm while the medication is in the
control of the healthcare professional, patient, or consumer. Such events may be related to professional practice, healthcare products, procedures, and
systems, including prescribing; order communication; product labeling, packaging, and nomenclature; compounding; dispensing; distribution; administration;
education; monitoring; and use”. [18].

Statistical analysis
The data were summarized using frequencies and percentages. The overall medication error rate was computed by dividing the number of errors reported by
the total number of prescriptions. The medication error rate of each medication use process was determined by dividing the total number of medication errors
in each category by the total number of medication errors reported. The medication use process was categorized into ordering/prescribing, transcribing,
dispensing, administering, and monitoring. We further recorded each error based on NCC MERP categories for medication errors. The NCC MERP categories
range from “A” to “I,” where A represents an event that has the potential to cause harm, “B” to “D” represent an error that did not result in harm, “E” to “H”
represent an error that resulted in patient harm, and “I” represents an error that was linked to patient death. The data were managed and analyzed by
Statistical Analysis Software, version 9.4.

Results
The database search from March 2018 to June 2019 revealed a total of 71,332 medication errors. The reported errors frequently involved patients aged < 10
(12,1312; 17.3%) and > 60 (8,857; 12.4%) years (Fig. 1). The amount of drugs dispensed during the study period was estimated to accurately estimate the error
rate. It was found that approximately 168 hospitals (59.5%) used electronic medical records in whole or in part, such as using a computerized prescribing
system alone. In addition, automated dispensing systems were used in 175 hospitals, and one pharmacy used an outpatient automated robotic dispensing
system. Furthermore, computerized decision support systems (CDSSs) existed only in medical cities. According to information taken from the Statistics
Department at the Ministry of Health, a total of 46,437,168 items were dispensed during the study period. The medication error rate was estimated to be
0.15%. The errors were most frequently made by physicians 63120 (88.5%) and most frequently detected by pharmacists (75.9%) (Fig. 2). The majority of
errors were detected at the prescribing stage (84.8%), followed by the transcribing (5.8%) and dispensing (5.7%) stages (Table 1).

Table 1
Reported errors by medication use process

Medication process Frequency Percentage

Prescribing 60471 84.8

Transcribing 4112 5.8

Preparation & Dispensing 4472 6.2

Administration 1833 2.6

Monitoring 444 0.6

Based on the NCC MERP categories for medication errors, the majority of errors reported were categorized either as an error with the capacity to cause harm
(category A, 21.8%) or an error that occurred but did not reach the patient (category B, 66.3%) (Table 2). A total of 4,182 (5.8%) errors reached the patient. Out
of the 4,182 reported errors that reached the patient, 3,621 (86.5%) were categorized as errors that reached the patient but did not cause any harm (category
C). Approximately 6.8% of the reported errors were associated with patient harm.
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Table 2
Clinical outcome of the reported medication errors (n = 71332)

Clinical
outcomes

  Frequency Percentage

Category A Circumstances or events that have the capacity to cause errors 19838 21.8

Category B An error occurred but the error did not reach the patient 47312 66.3

Category C An error occurred that reached the patient but did not cause harm 3621 5.1

Category D An error occurred that reached the patient and required monitoring to con�rm that it resulted in no harm to the
patient and/or required intervention to preclude harm

450 0.6

Category E An error occurred that may have contributed to or resulted in temporary harm to the patient and required
intervention

63 0.09

Category F An error occurred that may have contributed to or resulted in temporary harm to the patient and required initial
or prolonged hospitalization

23 0.03

Category G An error occurred that may have contributed to or resulted in permanent patient harm 6 0.008

Category H An error occurred that required intervention necessary to sustain life 8 0.01

Category I An error occurred that may have contributed to or resulted in the patient’s death 11 0.02

(Table 3) shows the possible contributing factors for medication errors encountered in the hospitals/primary care centers included in this study. Work overload
of the staff was associated with one-third of the reported errors (31.6%). Other frequent causes of the medication errors reported were inexperienced health
personnel (22.7%), non-adherence to standard operating procedures (14.8%), lack of policy (14.3%), and illegible prescriptions (12.7%).

Table 3
Reported medication errors by drug class and route of drug administration

    Frequency Percentage

Route of Administration Oral 40328 56.5

  Injectable (IV/IM/IT/SC) 23009 32.3

  Inhalation/aerosol 3204 4.5

  Topical Skin/ rectal 3024 4.2

  Eye/ear/nasal 1767 2.5

Drug class Antimicrobial 10024 14.0

  Analgesic 6743 9.4

  Hematinic 6048 8.4

  Cardiovascular 5150 7.2

  Neuralgic 4001 5.6

  Gastrointestinal 3941 5.5

  Endocrine 2803 3.9

  Respiratory 1146 1.6

  Other 834 1.1

  Antipsychotic 170 0.239

  Dermatological 166 0.232

  Ophthalmic 92 0.12

  Reproductive 76 0.1

  Chemotherapy

Unspeci�ed

15

30123

0.02

42.2

IV, Intravenous; IM, intramuscular; IT, intrathecal; SC, subcutaneous.

(Table 4) shows the frequencies of medication errors with regard to the drug classes and route of administration. The oral route was most frequently
associated with medication errors, accounting for 40,328 (56.5%) of the total errors reported, followed by the injectable route, accounting for 23,009 (32.3%).
Antimicrobials were the drugs with the most medication errors, 10,024 (24.32%), followed by analgesic drugs, 6,743 (16.4%), hematinic drugs, 6,048 (14.7%),
and cardiovascular drugs, 5,150 (12.5%) (Table 4).
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Table 4
Possible causes of medication errors and contributed factors

Possible causes of medication error Frequency Percentage

Lack of policy 10201 14.3

Inexperienced Personnel 16200 22.7

Sound-alike medication 963 1.4

Look alike medication/ packaging 825 1.2

Illegible prescription 9072 12.7

Wrong labelling/ instruction on dispensing envelope or bottle/container 1445 2.0

Failure to adhere to work procedure 10536 14.8

High workload 22511 31.6

Patient information/ record unavailable/ inaccurate 3998 5.6

Stock arrangement/ storage problem 470 0.7

Not speci�ed 7681 15.8

Discussion
A medication error report is a valuable source for identifying healthcare system problems, generating solutions, and implementing corrective measures that
will ultimately reduce the recurrence of errors. In this study, we evaluated medication errors reported over a 16-month period from a large national electronic
database that collects information from over 265 hospitals and primary care centers around the country. We found that the medication error rate was 0.15%,
which is very low compared to the 3% and 6.9% rates reported in the United Kingdom and United States, respectively [19]. However, the low reporting rate was
similar to that reported in another study (0.4%) conducted in a teaching hospital in Saudi Arabia [20]. Although the Ministry of Health adopts a no-blame
culture regarding medication errors and reporting lacks any identi�able information regarding who was responsible for the errors, underreporting remains a
major issue. Reporting can be improved by simplifying reporting procedures, increasing awareness, and improving communication between hospital
administration staff [21].

This study also found that a large proportion of errors involved pediatric and elderly patients. One study in Saudi Arabia found that 78.8% of medication errors
in pediatric patients were categorized as potentially harmful. This �gure was higher than �gures in other studies that investigated medication errors in
pediatric patients in the US. Further, elderly patients are more prone to medication errors than others because 85–90% of them use at least one medication
[22]. In fact, it has been reported that 30% of hospital admissions for elderly patients are attributable to medications [23]. Further exploration of the potential
causes and contributing factors of errors in pediatric and elderly patients is needed.

This study also found that the majority of errors occurred in the prescribing stage (84.8%). This �nding was similar to that reported in another study conducted
in Saudi Arabia, which reported that 89% of errors were associated with prescribing. Two systematic reviews reported on the rates of prescribing errors, and
both studies found that inconsistency in study design and data collection resulted in variations in the error rates reported [24, 25]. However, in a review of 65
studies, the median prescribing error rate was found to be 7% [24]. Another study found that pharmacists intercepted approximately 75.9% of errors. The role
of pharmacists has been shown to be critical in reducing medication errors. For instance, a meta-analysis of 13 studies found that pharmacist intervention led
to a 37% reduction in medication errors [26].

The present study found that the majority of errors involved the wrong dosage (31.9%), the wrong medication (13.7%) and the wrong medication
administration (11.1%). Furthermore, antimicrobial agents (24.3%) ranked the highest in terms of causing errors, followed by analgasic drugs (16.4%) and
hematological drugs (14.7%). Our results are similar to those of a study performed by Patel et al., who found that antimicrobial agents were the group of
medications that caused the most errors in their study [27].

Regarding the frequency of medications involved in reported errors, the highest frequency was found with paracetamol, vitamin D3, omeprazole, and
cefuroxime, which were responsible for 6.2%, 3% ,2.8%, and 2.1% of errors, respectively.

The factors contributing to medication errors are numerous; however, human factors are usually involved. We found that workload (31.6%), inexperienced
personnel (22.7%), failure to adhere to work procedures (14.8%), lack of policy (14.3%) and illegible prescriptions (12.7%) were the major causes of medication
errors. One study in Saudi Arabia found that the main causes of medication error were lack of education (67.47%) and miscommunication (19.04%), followed
by confusion of medications that look and sound alike (7.54%) [28]. Consistent reliance on humans to perform accurately all the time is unrealistic. A system
that relies more on human performance is more likely to fail than a system designed with a greater reliance on well-de�ned policies and processes. Evidence
suggests that human-related errors can be minimized through automation and the implementation of forcing function strategies [28]. For instance,
computerized physician order entry (CPOE) reduced prescribing errors related to drug dosing by 65%, errors due to drug allergies by 56% and errors due to drug
interaction by 54%. CPOE improves patient safety by unifying medication orders, reducing verbal orders and reducing illegibility in prescriptions [29]. Moreover,
the CDSSs such as the A dosing support system for common medicines when integrated with CPOE led to a reduction of 16.4 errors per 100 orders. CDSSs
help prescribers in therapeutic decision making, dose calclation, duration therapy, and determinations of interactions with drugs or food [30].
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The implementation of electronic health technology reduces medication errors, but this technology may contribute to errors, especially in the �rst year of its
use [31]. A total of 120 sentinel events were reported to the joint commission related to health information technology between 2010 and June 2013, and 33%
of the majority errors were seen in the area of human-computer interface [32].

In July 2019, the Ministry of Health launched an initiative to develop a strategy aiming to resolve the problem of the low number of reports sent by hospitals in
several ways: a) facilitating an electronic form and making it available to all health care providers, b) developing a job description for medication safety
o�cers, c) measuring performance monthly by identifying the errors per 1000 items, and d) creating uni�ed guidelines for the medication error reporting
system.

Further research is needed to improve the reporting of medication errors, since we found a low reporting rate. The majority of factors contributing to
medication errors are human-related, such as increased workload and non-compliance with policy and procedure. More research is also needed to determine
suitable strategies to prevent such errors. It is important that we focus on improving our understanding of the scope and nature of errors and implement
policies and procedures that will improve patient safety.

Our study has several advantages and limitations. It is the �rst medication error study at the nationwide level, and it represents all regions in Saudi Arabia.
Furthermore, it has a relatively low number of medication errors. However, the current study is limited in that it is descriptive in nature, and we did not
analytically evaluate medication errors.

Conclusions
This nationwide study strresed out a major the concern regarding medication errors. Especially the errors occureed during different medication use process.
Presciring error is constitute the highest source of medication errors despite all efforts to reduce this stage in speci�c. Therefore, a needy efforts by all
stakeholders (i.e., health authorities, healtchcare professionals and hospitals) should be implaced to develop more useful strategies to prevent medication
errors.
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Figure 1

Age of patient involved in medication error

Figure 2

Source and detection of error by staff


