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INTRODUCTION

ABSTRACT

OBJECTIVE To determine the number, types, and severity of medica-
tion errors in ready-to-administer injectable admixtures compounded
by pharmacy personnel in northern Thai hospitals.

METHODS This retrospective descriptive study was conducted in six
hospitals in northern Thailand. Data were gathered from hospital
incidence reports over the three-year period 2017-2019. The following
data were extracted from each report: stage of error, medication in-
volved, care setting, and severity of error. The National Coordinating
Council for Medication Error Reporting and Prevention index was used
to categorize the severity of the medication errors. Results are pre-
sented as number and percentage.

RESULTS The total number of medication error events in the six hos-
pitals was 405, classified as transcribing (n=59, 14.5%), pre-dispens-
ing (n=217, 53.6%) and dispensing errors (n=129, 31.9%). The most
frequent type of pre-dispensing errors was inappropriate techniques
in medication compounding (n= 54, 13.3%). Almost all the medication
errors were of severity level B (errors resulting in no harm to patients)
(n=398, 98.3%). The most frequent errors were reported in antineo-
plastic agents (n=373, 92.1%).

CONCLUSIONS The great majority of medication errors were pre-dis-
pensing errors with a low level of severity. The provision of strategies
to prevent medication errors is necessary for patient safety.

KEYWORDS medication errors, ready-to-administer injection,
pharmacist

Injectable therapies are complex, poten-
tially dangerous, and are susceptible to errors.
Injection medications have been associated
with higher rates of medication administration
errors compared to orally administered medi-
cations (1). Several studies have reported medi-

cation errors which occurred during the injec-
table medication preparation process, e.g., wrong
drug (2,3), wrong diluent (2-7),wrong amount
of diluent volume (2,3,5,6), expired medication,
preparations which became unstable after dilu-
tion (2,5), wrong concentration (3,8,9), wrong
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labelling (3), omissions of drugs (9), and inap-
propriate storage (4). In some cases, medical
personnel did not follow a standardized drug
preparation process, e.g., not washing the de-
vice (8), not sterilizing the vial with alcohol
(2), not cleaning the drug preparation area
before preparing the medication (2), using an
inappropriate drug preparation area and not
wearing gloves during preparation and admin-
istration of the drug (2,5).

Ready-to-administer medications are rec-
ommended as standard practice by the Joint
Commission International (10). One category
of the ready-to-administer medications is
ready-to-administer injectable products. The
compounding of medications is a fundamental
skill of pharmacy practice. All compounding
personnel, including pharmacists and pharma-
cy technicians, are responsible for compound-
ing and dispensing sterile products. Previous
studies (11-13) have demonstrated that prepa-
ration of injectable medications by pharma-
cists results in fewer medication errors.

In some areas of Thailand, hospital pharma-
cists are responsible for compounding sterile
injectable products. Most of these are chemo-
therapy products and parenteral nutrition ad-
mixtures. Due to human resources limitations,
injection products are frequently prepared by
medical personnel other than pharmacists,
especially nurses. One study (14) in Thailand
showed that the cost of the ready-to-use sys-
tem over a 10-year period was about 18 million
baht lower than the traditional compounding
system by a saving of about 2%. Moreover, the
study reported that the ready-to-use system
also decreased nurses’ workload (14). How-
ever, the impacts on medication errors were
questionable. Little is known about the rate of
medication errors in ready-to-administer in-
jection medications prepared by pharmacists.
To the best of our knowledge, there have been
no studies of ready-to-administer injectable
medications prepared by pharmacists con-
ducted in Thailand. More evidence is needed,
especially studies with a sample size large
enough to identify appropriate approaches to
preventing errors. In this study, we investi-
gated the incidence of medication errors in
ready-to-administer injectable admixtures
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prepared by pharmacists in northern Thai hos-
pitals.

METHOD
Study settings, design and data collection

To publicize the project, invitation letters
and copies of the research proposal were sent
to all 143 hospitals located in northern Thai-
land including a discussion of the study’s pur-
pose, expected benefits, and risks. Hospitals
which agreed to participate in the study and
sent acceptance letters to the researcher with-
in one month after the invitation were included
in the study.

This retrospective descriptive study gath-
ered data from hospital incidence reports over
the three-year period 2017-2019. Reports were
drawn from the hospital safety reporting sys-
tems, a voluntary system used by healthcare
professionals to report many types of safety
incidents including medication errors. Medi-
cation error reports about ready-to-adminis-
ter injection preparations by pharmacists were
included in the study. The following data were
extracted from each report: stage of error (i.e.,
transcribing, pre-dispensing, or dispensing
error), medication involved, care setting, and
severity of the error.

The National Coordinating Council for Med-
ication Error Reporting and Prevention (NCC
MERP) index was used to categorize the severity
of the medication errors (Table 1) (15). Final
confirmation of the data was performed by
pharmacists at the study hospitals.

Measures

The primary outcome was medication errors
which had been reported through the hospital
safety reporting system. Errors were catego-
rized into three types: transcribing, pre-dis-
pensing, and dispensing errors. A transcribing
error is a mistake in the identification of a spe-
cific type of medication which occurred due to
a data entry error. A pre-dispensing error is
an error that happened in the process of drug
refilling or drug preparation. This type of er-
ror can be detected at the pharmacy unit before
the drug is dispensed to the patient or before
delivery to wards. A dispensing error is defined
as a deviation from a prescription that occurs
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Table 1. The National Coordinating Council for Medication Error Reporting and Prevention (NCC MERP) index (15)

Level Description

A Events that have the capacity to cause error

B An error occurred, but the medication did not reach the patient

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

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

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

F An error occurred that may have contributed to or resulted in temporary harm to the patient and pro-
longed hospitalization

G An error occurred that may have contributed to or resulted in permanent harm to the patient

H An error occurs that required intervention necessary to sustain the life of the patient

—

An error occurred that have contributed to or resulted in the patient’s death

Table 2. Definition of categories of medical errors in the study (16-18)

Types of medication
errors

Definitions

Omission of drug
Preparation without
prescription

Wrong diluent

The prescribed medication(s) was/were not prepared or did reach the patient.
The medication(s) was/were prepared without a physician’s prescription.

The prescribed medication(s) was/were not reconstituted or diluted with the correct type

of diluent or solution or did not follow the physician’s prescription.

Wrong amount of

The prescribed medication(s) was/were not reconstituted or diluted with the correct volume
The prescribed medication(s) was/were not prepared or dispensed correctly according to
The prescribed medication(s) was/were prepared in a dose or concentration higher than or
The label of prescribed medication(s) was/were incomplete, incorrect or did not follow the
The amount of the prescribed medication(s) dispensed was/were incorrect or did not follow

The preparation of the prescribed medication(s) was done using inappropriate procedures

diluent volume of diluent or solution or did not follow the physician’s prescription.
Wrong drug
the physician’s prescription.
Wrong concentration
lower than the amount prescribed by the physician.
Wrong label
physician’s prescription.
Wrong quantity
the physician’s prescription.
Wrong preparation
technique or improper techniques.
Wrong storage The prescribed medication(s) was/were kept or stored incorrectly.

during the dispensing process, e.g., a dose/item
error, incorrect labelling, and identification of
the wrong patient. Detailed definitions of each
type of medication error are presented in Table 2.

Data analysis

Data were analyzed using statistical soft-
ware. Types of medication errors and the NCC
MERP medication error index were analyzed
using descriptive statistics. The results are
presented as number and percentage.

Ethical considerations

The study protocol and ethical principles
were reviewed and approved by the University
of Phayao Human Ethics Committee (Ref. No.
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2/193/62). The research protocol was approved
by the individual hospitals as necessary. Before
the initial data collection, the eligible hospitals
signed an informed consent. Anonymity and
confidentiality of all participants was assured.
As the data was collected, neither the names
nor personal details of the patients or of the
data reporters were recorded at any stage of
the data collection process.

RESULTS
Hospital characteristics

Of the 143 hospitals in the northern region
of Thailand, nineteen (13.3%) responded, of
which six (4.2%) met the inclusion criteria.
Thirteen hospitals were excluded due to an
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incomplete hospital safety reporting system
and ethical review process. The participating
hospitals included five government hospitals
and one private hospital. The hospitals were
located in Phayao (n=1), Phrae (n=1), Chiang
Mai (n=3), and Chiang Rai (n=1) provinces. Five
were general hospitals with 30-500 beds and
one was a teaching hospital with more than
1,000 beds. The ready-to-administer injection
preparations were prepared in a variety of set-
tings in two hospitals, and in chemotherapy
and parenteral nutrition departments in four
hospitals.

Types of medication errors

The number of medication error reports
in ready-to-administer injection preparations
by pharmacists in 2017, 2018 and 2019 were,
respectively, 185 (45.7%), 118 (29.1%), and 102

(25.1%), a total of 405 events. Those events
included 59 transcription errors (14.5%), 217
pre-dispensing errors (53.6%) and 129 dis-
pensing errors (31.9%). The types of medica-
tion errors in ready-to-administer injection
preparations by pharmacists are presented in
Table 3.

The transcribing errors involved incorrect
entry of physician’s orders into the comput-
er system and included wrong diluents (n=22,
5.4%), wrong drugs or items (n=20, 4.9%),
wrong patients (n=13, 3.2%), and wrong vol-
ume of diluents (n=4, 1.0%). The majority of
pre-dispensing errors occurred in the pro-
cess of production (n=89, 22.0%); the most
frequent pre-dispensing errors were prepar-
ing using the wrong preparation techniques
(n=54; 13.3%), using the wrong diluent (n=30,
7.4%) and using the wrong dose or strength of

Table 3. Types of medication errors in ready-to-administer injection preparations prepared by pharmacists [n (%)]

. . Overall 2017 2018 2019
Types of medication errors (n=4,05) (n=185) (n=118) (n=102)
1. Transcribing errors 59 (14.5) 38 (20.5) 6 (5.1) 15 (14.7)
Wrong diluent 22 (5.4) 15 (8.1) 0(0.0) 7(6.9)
Wrong patient 13 (3.2) 6(3.2) 5 (4.2) 2(1.9)
Wrong dose 11 (2.7) 9 (4.9) 1(0.9) 1(1.0)
Wrong drug 9(2.2) 8 (4.3) 0(0.0) 1(1.0)
Wrong volume of diluent 4 (1.0) 0(0.0) 0(0.0) 4 (3.9)
2. Pre-dispensing errors 217 (53.6) 89 (48.1) 76 (64.4) 52 (51.0)
2.1 Pre-preparation errors
Omission of drug 27(6.7) 13 (7.0) 7(5.9) 7(6.9)
Wrong diluent 18 (4.4) 7(3.8) 8(6.8) 3(2.9)
Wrong drug 8(2.0) 3(1.6) 4 (3.4) 1(1.0)
Preparation without prescription 3(0.7) 2(1.1) 0(0.0) 1(1.0)
2.2 In-process errors
Wrong preparation techniques 54 (13.3) 21(11.4) 23(19.5) 10 (9.8)
Wrong diluent 30 (7.4) 13(7.0) 9(7.6) 8(7.8)
Wrong volume of diluent 3(0.7) 1(0.5) 0(0.0) 2(2.0)
Wrong concentration 2(0.5) 0(0.0) 0(0.0) 2(2.0)
2.3 Post-preparation errors
Wrong concentration 29 (7.1) 11(5.9) 14 (11.9) 4 (3.9)
Wrong diluent 15(3.7) 7(3.8) 3(2:5) 5 (4-9)
Wrong drug 15(3.7) 7(3.8) 4 (3.4) 4(3.9)
Wrong label 10 (2.5) 4 (2.2) 2.(1.7) 4 (3.9)
Wrong storage 3(0.7) 0(0.0) 2(1.7) 1(1.0)
3. Dispensing errors 129 (31.9) 58 (31.4) 36 (30.5) 35 (34.3)
Omission of drug 61(15.1) 34 (18.4) 13 (11.1) 14 (13.7)
Wrong concentration 18 (4.4) 6(3.2) 6 (5.1) 6 (5.9)
Wrong quantity 17 (4.2) 7(3.8) 3(2.5) 7(6.9)
Wrong label 14 (3.5) 0(0.0) 11(9.3) 3(2.9)
Wrong storage 10 (2.5) 9 (4.9) 0(0.0) 1(1.0)
Wrong drug 7 (1.7) 2 (1.1) 2(1.7) 3(2.9)
Wrong diluent 2(0.5) 0(0.0) 1(0.8) 1(1.0)
130 Biomedical Sciences and Clinical Medicine 2022,61(3):127-34.
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Table 4. Severity of medication errors and medications involved (n=405)

Number of errors (%)

Categories Total
B C D

Medication errors
1. Transcribing errors 59 (14.8) 0(0.0) 0 (0.0) 59 (14.5)
2. Pre-dispensing errors 217 (54.5) 0(0.0) 0(0.0) 217 (53.6)
3. Dispensing errors 122 (30.7) 3(100.0) 4 (100.0) 129 (31.9)

Drug classes
1. Antineoplastic agents 370 (92.9) 2 (66.7) 1(25.0) 373(92.0)
2. Antibiotics 12 (3.0) 0(0.0) 0(0.0) 12 (2.9)
3. Antidotes 7(1.7) 0(0.0) 0(0.0) 7(1.7)
4. NSAIDs 3(0.7) 0(0.0) 1(25.0) 4(0.9)
5. Vasopressors 1(0.3) 0(0.0) 1(25.0) 2(0.5)
6. Vitamins 2(0.5) 0(0.0) 0(0.0) 2(0.5)
7. Antipsychotics 0(0.0) 0(0.0) 1(25.0) 1(0.3)
8. Anticholinergic agents 0(0.0) 1(33.3) 0(0.0) 1(0.3)
9. Loop diuretics 1(0.3) 0(0.0) 0(0.0) 1(0.3)
10. Neurotrophic agents 1(0.3) 0(0.0) 0(0.0) 1(0.3)
11. Electrolyte supplements 1(0.3) 0(0.0) 0(0.0) 1(0.3)

NSAIDs; non-steroidal anti-inflammatory drugs

intravenous products (n=29, 7.1%). The most
frequent dispensing errors were omission of
prescribed medications (n=61, 15.1%), wrong
dose/strength (n=18, 4.4%) and wrong amount
of drug dispensing (n=17; 4.2%), respectively.

Severities of medication errors and medica-
tion involved.

The NCC MERP index for categorizing med-
ication errors is shown in Table 4. None of the
reported errors resulted in harm to patients.
Of the reported errors, in 398 cases the medi-
cation did not reach the patients (B level), in
7 cases the medication reached the patient of
which 3 did not cause patient harm (C level),
and 4 errors resulted in the need for increased
patient monitoring but did no harm (D level).
Most of the events involved antineoplastic
agents (n=373, 92.1%). Most of the reported
medication errors involved fluorouracil (n=73),
methotrexate (n=31) or cisplatin (n=27) (data
not shown). The three in C level errors involved
fluorouracil (n=1), gemcitabine (n=1) and hy-
oscine (n=1). The errors in D level involved cy-
clophosphamide (n=1), haloperidol (n=1), nor-
epinephrine (n=1), and parecoxib (n=1).

DISCUSSION
Proper utilization and analysis of medica-
tion error reports can provide valuable insights

Biomedical Sciences and Clinical Medicine 2022;61(3):127-34.

into system-based pitfalls regardless of the
care setting. In the present study, half of the
medication errors were pre-dispensing errors
(53.6%). This result is similar to previous stud-
ies which have reported 88.6% of pre-dispens-
ing errors in out-patient pharmacy service
(19), 50% in in-patient pharmacy services(20),
and 51% in community pharmacies (21). Prior
studies have demonstrated that systematic
rechecking by a pharmacist can help prevent
and correct medication errors. In one study,
88.6% of pre-dispensing errors were detected
by pharmacists (19). Another study confirmed
that pharmacists can have an important role in
preventing, detecting and correcting medica-
tion errors (21).

The majority of pre-dispensing errors in
the current study involved inappropriate tech-
niques in medication compounding (n=54,
13.3%). Adisguised observation study of intra-
venous preparations by nurses in two hospitals
in the UK found that errors related to improp-
er technique occurred in 13.3% of intravenous
doses (22). A study in two Vietnamese hospi-
tals reported 34.4% of errors were related to
improper technique (18). Errors in the prepa-
ration phase can have serious consequences as
that is the last step before administration. The
inappropriate technique errors in our study
were reported to have occurred in the pre-dis-
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pensing process and the medications did not
reach the patient. However, the evidence base
for evaluating the accuracy of intravenous ad-
mixture units prepared by pharmacy person-
nel appeared to be weak. The second and third
most frequent types of pre-dispensing error
were “wrong diluent” (detected during the
process of compounding) and “wrong concen-
tration” (detected after the dilution process).
Wrong concentration errors in intravenous
therapy were reported to account for 148 of 799
errors (18.5%) in the neonatal intensive care
unit in one study (16). The most frequent types
of errors in intravenous admixtures reported
from five hospitals in the US were wrong dose
(70.0%) and wrong based solution (16.0%)
(wrong volume 6% and wrong content 10%)
(23).

This study found 31.9% of the errors were
dispensing errors, significantly higher than the
1.1% reported in other medication error studies
in Thailand (20) and the 3.88% in studies in
Mexico (16). Most dispensing errors in our study
involved drug omission (15.1%). Previous stud-
ies have reported drug omission error rates of
3% in US (23) and 5% in Vietnam (24). A pos-
sible cause of this type of error could be an im-
balance between the workload and the number
of pharmacy personnel. Four of the six par-
ticipating hospitals in this study had only two
pharmacists on staff preparing the intravenous
admixtures. The other two hospitals had 3 and
6 pharmacists on staff.

Our finding of 98.3% NCC MERP medication
index level B errors is similar to a previous study
which reported 97.3% level B errors (20). Al-
though the errors in this study resulted in no
harm to patients, possible causes of the errors
should be analyzed. A regular review of risk
management procedures should be imple-
mented to reduce the incidence of near miss
events and to help protect against medication
errors which could cause harm.

This study found that injectable chemo-
therapy was the most common type of medica-
tion error (92.1%) and that the most frequent
errors involved fluorouracil, methotrexate,
and cisplatin. Previous studies have reported
findings similar to the present study, e.g. the
highest rate of errors involved methotrexate,
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fluorouracil, and vincristine (25). The high error
rate in this study may be due to the partici-
pating hospitals providing significant levels of
chemotherapy preparation services.

This is the first study focused on medication
errors among ready-to-administer injection
preparations done by hospital pharmacists in
Thailand. The issue of injection preparation
has received only limited systematic investi-
gation by researchers, and is recognized as an
area that requires attention. The results of this
study may be used as empirical evidence that
can help emphasize the need to design and im-
plement improved strategies, for example, in-
creasing the number of pharmacists to match
the workload and implementing continuous
error-prevention training programs.

This study has some limitations. First, it is
likely that not all medication errors which oc-
curred during the study period were recorded
or reported under the hospital safety report-
ing system, and therefore were not included
in this study. Second, this study analyzed only
voluntary reports from 2017 to 2019. Potential
sources of negative impact on the study find-
ings include under-reporting, bias and inter-
nal validity problems. Third, this study does
not detail of the incidents or the rates of the
different types of medication errors. As some
participating hospitals did not have a complete
record of medication errors, the analysis was
incomplete and the results might not reflect
the actual annual incidence of medication er-
rors. Despite these limitations, results of this
study should be beneficial for the further de-
velopment of intravenous medication safety
processes. Further study focusing on the etiolo-
gy of medication errors and the economic im-
pact of those errors is needed.

CONCLUSIONS
This study of medication errors presents the

number and characteristic of medication errors
in ready-to-administer injection preparations
by pharmacists in northern Thai hospitals. A
large number of the medication errors were
pre-dispensing errors with a low level of se-
verity. This study highlights the importance of
complete and accurate reporting of medication
errors, patient medication safety and the need

Biomedical Sciences and Clinical Medicine 2022,61(3):127-34.
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for effective guidelines to help prevent medi-
cation errors in hospitals.
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