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Abstract: This study was conducted with the purpose of determining the frequency of medica-

tion errors (MEs) occurring in tertiary care emergency department (ED) of a large academic 

hospital in Iran. The incidence of MEs was determined through the disguised direct observation 

method conducted by a trained observer. A total of 1,031 medication doses administered to 

202 patients admitted to the tertiary care ED were observed over a course of 54 6-hour shifts. 

Following collection of the data and analysis of the errors with the assistance of a clinical 

pharmacist, frequency of errors in the different stages was reported and analyzed in SPSS-21 

software. For the 202 patients and the 1,031 medication doses evaluated in the present study, 

707 (68.5%) MEs were recorded in total. In other words, 3.5 errors per patient and almost 

0.69 errors per medication are reported to have occurred, with the highest frequency of errors 

pertaining to cardiovascular (27.2%) and antimicrobial (23.6%) medications. The highest rate 

of errors occurred during the administration phase of the medication use process with a share of 

37.6%, followed by errors of prescription and transcription with a share of 21.1% and 10% of 

errors, respectively. Omission (7.6%) and wrong time error (4.4%) were the most frequent 

administration errors. The less-experienced nurses (P=0.04), higher patient-to-nurse ratio 

(P=0.017), and the morning shifts (P=0.035) were positively related to administration errors. 

Administration errors marked the highest share of MEs occurring in the different medication 

use processes. Increasing the number of nurses and employing the more experienced of them in 

EDs can help reduce nursing errors. Addressing the shortcomings with further research should 

result in reduction of MEs in EDs.
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Introduction
Medication error (ME) is defined as failure in the treatment process causing harm to 

the patient.1,2

In addition to weakening the patients’ confidence in medical services, MEs also 

impose substantial costs on the health sector.3 MEs prolong hospital stays by 2 days 

and increase the costs by $2,000–$2,500 per patient.4 To improve patients’ health, it 

is essential to have adequate information about the epidemiology of MEs and adverse 

drug events in order to identify the root causes of failures in medication use processes.5 

The main objective behind the ME reporting system is to determine how such errors 

can be reduced through improved patient safety services.6

An emergency department (ED) is among the most frequently visited departments 

of a hospital admitting only patients with critical and occasionally life-threatening 

diseases.7 Sudden unpredictable events occurring in an ED have made this place an 
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environment known for its high potential for MEs; as a matter 

of fact, nearly 3% of all undesirable hospital accidents are 

related to this department.8

Based on national data sources on MEs, Santell et  al 

claimed in their article of 2004 that 11,000 MEs were 

reported to occur across 484 EDs over a 5-year period. 

4.8% of these errors threatened the patients’ health and 

caused five deaths.9

Given the significance of MEs in EDs and the inadequacy 

of data on the rate of these errors in Iran, the present study 

was conducted in order to assess ME rates, and types of MEs 

occurring in the ED in a teaching hospital in Iran.

Method
The present study was conducted from December 2013 to 

February 2014 in the tertiary care ED of the largest medical 

teaching hospital of Shiraz. This level of the department 

has five different units, including two surgical units, one 

neurological unit, and two internal medicine units with 

40 beds overall.

Patients were selected according to random numbers 

and the ones who had spent less than 6 hours in the ED and 

those not receiving medications were excluded. In order to 

assess error rates, the disguised direct observation method 

was used by a trained observer (student of pharmacy). 

Observations were made directly and in disguise, with the 

department staff therefore unaware of the objectives of 

the study. The observer had previously received training 

in the ED for a month on the principles and methods of 

error collection by a clinical pharmacist. Observation shifts 

included two 6-hour morning and evening shifts, from 8 am 

to 2 pm and then from 2 pm to 8 pm. Observed shifts were 

almost equally divided between the morning shifts and 

the evening ones. The number of study participants was 

determined based on previous studies conducted in the 

ICU departments of two hospitals through the disguised 

direct observation method.10,11 At the confidence level of 

95%, ME prevalence rate of 44%, error of 7%, and α=0.05, 

minimum sample size was calculated to be 194. The data 

collection form was designed by a clinical pharmacist and 

then revised and approved by another independent clinical 

pharmacist.

Patients’ demographic information, history of disease and 

medication, chief complaint, diagnosis, tests, and physicians’ 

prescription (name of medications, dosage forms, medication 

doses, route of administrations, and dosages frequency) were 

recorded at the time of admission and the patients’ conditions 

were monitored through to the end of each shift.

Meanwhile, the nurses’ personal information, including 

biological gender, age, work experience, and other informa-

tion such as the nurse–patient ratio and doses administered 

during the observation shift were recorded so as to calculate 

any potential association between these variables and MEs.

According to the classification and definition provided 

by the National Coordinating Council for Medication Error 

Reporting and Prevention system, MEs are generally catego-

rized as prescription, transcription, dispensing, and adminis-

tration errors.12 The present study investigates prescription, 

transcription, and administration errors.

The administration of medications was evaluated tak-

ing into account interactions, clinical and laboratory data, 

patient’s current condition, allergies, disease and medication 

history, family history, and contraindications, and also con-

sidering the issues of right dosage, dosage frequency, dosage 

form, timing and route of administration, and appropriate 

monitoring of the medications using credible references.13–17 

Ultimately, data on all observed doses were separately ana-

lyzed by a clinical pharmacist whose final opinion was then 

recorded in the error form.

In order for data analysis to be conducted, prescrip-

tion errors, administration errors, and transcription errors 

were each separately entered into the statistical software. 

Entered data were processed using SPSS-21 software (SPSS, 

Chicago, IL). Percentage and mean ± standard deviation were 

used to presenting the categorical and continuous variables, 

respectively.

Results
A total of 202 patients (118 males and 84 females) with a 

mean age of 53±18.17 years were studied over a 3-month 

period. The total number of prescriptions ordered for these 

patients (n=202) was 1,031 doses with a mean number of 

5.1±6.48 medications prescribed to each patient. Therefore, 

1,031 medication doses were observed over 54 8-hour shifts, 

596 (57.8%) of which were administered to men and 435 

(42.2%) to women (Table 1). Of the total number of medica-

tions prescribed, the highest frequency pertained to the group 

of antimicrobial (24.3%), cardiovascular (15.9%), gastroin-

testinal (14.6%), and anticoagulant (11.4%) medications, 

in respective order (Table 2), with the highest frequency of 

errors pertaining to cardiovascular (27.2%) and antimicrobial 

(23.6%) medications. Most medications were administered 

orally (54.5%) and through intravenous infusion (27.7%)  

(Table 3).

Of the 1,031 medication doses, a total of 406 (39.4%) 

were administered by male nurses and 625 (60.6%) by 
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Table 1 General characteristics of patients, nurses, work shifts, and weekly days during the study

Variables Frequency Percentage Frequency r of  
observed doses

Percent of 
observed doses

Patient variables
Sex
  Male 118 58.4 596 57.8
  Female 84 41.6 435 42.2
Nurse variables
Sex
  Male 12 35.3 406 39.4
  Female 22 64.7 625 60.6
Level of education
  Bachelor 26 76.5 702 68.0
  Diploma 8 23.5 329 32.0
Work shifts and weekly days
Observed shifts
  Morning 29 53.7 673 65.3
 A fternoon 25 46.3 358 34.7
Days of the week
  Saturday 8 14.8 153 14.8
  Sunday 9 16.6 177 17.1
  Monday 7 13.0 141 13.7
  Tuesday 9 16.6 162 15.7
  Wednesday 8 14.8 149 14.5

Table 2 Number and percentage of pharmacological categories 
of observed doses (n=1,031) during the study

Drug class Number Percentage of 
total reports

Antimicrobials 251 24.3
Cardiovascular 164 15.9
Gastrointestinal 150 14.6
Anticoagulants 117 11.4
Hormones 81 7.9
CNS 62 6.0
Respiratory 59 5.7
Hematologic 51 4.9
Vitamins 38 3.7
Sedatives/analgesics 30 2.9
Electrolytes 19 1.8
Others 9 0.9
Total 1,031 100

Table 3 Route of administration of observed doses (n=1,031) 
during the study

Route of administration Number Percentage

Oral 562 54.5
Continuous infusion 286 27.7
Subcutaneous 73 7.1
Inhalation 34 3.3
Intravenous 26 2.5
Intramuscular 19 1.8
Topical 17 1.7
Intraocular 14 1.4
Total 1,031 100

Table 4 Discrete demographic information of the patients 
(n=202) and the nurses in the study of medication errors occurred 
at tertiary care emergency department of the study hospital

Numeric variable Standard  
deviation

Mean Max Min

Age of the patients (years) 18.17 53 97 5
Age of the nurses (years) 5.1 26.7 45 21
Experience of nurses 2.3 5* 21 0.5
Patient to nurse ratio 3.1 11 18 4

Note: *Since the standard deviation is larger than the mean, the median is reported 
instead of the standard deviation (median =5.00).

female nurses. The mean age of nurses was 26.7±5.1 years 

with a median work experience of 5±4.7 years. The nurse-

to-patient ratio varied from 1:4 to 1:18 (Table 4). The less 

experienced nurses (P=0.04), higher patient-to-nurse ratio 

(P=0.017), and the morning shifts (P=0.035) were positively 

related to administration errors.

Overall, of the 202 patients under study, 195 (96.5%) had 

experienced at least one ME, and of the 1,031 medication 

doses observed, 707 (68.5%) errors were recorded, making 

the rate of errors 3.5 per patient.

The frequency rate of errors is presented in Table 5 

by general and categorical distinctions. The rate of MEs 

is reported as the frequency of errors occurred per every 

100 doses observed. Administration errors had the high-

est rate (37.6% of errors). In addition, of the variety of 

administration errors made, the highest frequency of errors 
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pertained to omission (7.6%) and wrong time errors (4.4%), 

in respective order.

It is a different case with monitoring errors. Of the 1,031 

medication doses studied, only 134 required monitoring. The 

rate of monitoring errors is therefore 5.1%.

Other administration errors pertained to the majority of 

oral medications administered to the patient by their compan-

ion, and, as already mentioned, oral administration was most 

frequently prescribed (54.5%) and patients received most of 

their medications through this route. However, the present 

study took this error to occur in only one oral medication per 

patient – an error that occurred in 153 patients.

Discussion
Overall, in this study, the rate of MEs was found to be 68.5%. 

The frequency of errors of administration, prescription, and 

transcription were 37.6%, 21.1%, and 10.0%, respectively. 

The high rate of administration errors compared to other 

errors is likely due to the high patient–nurse ratio in the 

hospital’s tertiary care ED (at times, the number of patients 

in one unit even reached 18 with only one nurse responsible 

for the preparation and administration of medications). The 

patients were therefore exposed to a greater risk of medica-

tion administration errors.

According to the previous research, direct observation 

is a valuable method for detecting MEs, also yields reliable 

results.18–20 Because of the differences of definitions and the 

variety of error detection methods, it is difficult to compare 

statistics reported on the incidence of errors in different 

studies.

In a study conducted by Rothschild et al on MEs recorded 

by ED clinical pharmacists across four teaching hospitals, 

17,320 medications prescribed for 6,471 patients were stud-

ied, 0.078 errors per patient, and 0.029 errors per medication 

were recorded.21 The highest rate of errors pertained to dosing 

errors, drug omission, and wrong frequency errors. Rothschild 

et al concludes that, in most cases, the ED pharmacist can 

reduce potentially harmful MEs that might be imposed on 

the patient by the physician’s prescription process, or the 

nurse’s administration.21 The rate of errors observed in the 

mentioned study is lower than in the present study, in which 

3.5 MEs occur per patient and 0.685 errors per medication. 

One of the reasons for the disparity of results is that MEs 

with a lower potential of harm to the patients were excluded 

from Rothschild et  al’s study, while, in the present study, 

any and all MEs were reported irrespective of their level of 

harm. Furthermore, in the mentioned study, the computerized 

physician order entry (CPOE) method was used in the three 

EDs under study, and all four departments benefited from the 

presence of an ED pharmacist, both of which can be major 

reasons for the lower rate of errors compared to the present 

study. The higher rates of errors during the administration 

stage found by the present study might be attributed to the 

failure to prepare medications in the central pharmacy of the 

hospital and also to the underestimated prescription errors 

caused by underestimated indication errors.

In a study using the direct observation method, 178 MEs 

were recorded for a total of 192 patients, with 59.4% of the 

patients having had at least one ME.22 In Patanwala et al’s 

study, most errors had occurred in the prescription (53.9%) 

and the administration (34.8%) stages;22 however, there were 

Table 5 Types of medication errors that occurred in tertiary 
level emergency department of the study hospital

Type of errors Number of  
errors

Percentage of 
errors (N=1,031)

Prescription errors
Wrong drug 14 1.4
Omission 8 0.8
Wrong frequency 19 1.8
Wrong time 16 1.6
Forgot to discontinue 0 0
Contraindications 0 0
Monitoring* 53 5.1
Wrong dose (over) 22 2.2
Wrong dose (under) 8 0.8
Interactions 37 3.6
Forget to order 23 2.2
Others 17 1.6
Total prescription error 217 21.1
Transcription errors
Omission 59 5.7
Wrong dose (over) 13 1.3
Wrong dose (under) 11 1.1
Wrong frequency 7 0.7
Wrong time 0 0
Forget to discontinue 4 0.4
Others 8 0.8
Total transcription error 102 10.0
Administration errors
Omission 78 7.6
Wrong time 45 4.4
Wrong dosage form 0 0
Wrong dose 12 1.1
Wrong route 4 0.4
Wrong rate 33 3.2
Wrong preparation 32 3.1
Administration of unordered drug 8 0.8
Wrong technique 23 2.2
Deteriorated drug 0 0
Others 153 14.8
Total administration error 388 37.6

Note: *Monitoring errors were calculated according to possible occurrences of 
the error; as a result, in calculating this error, the denominator was 134 (number of 
occasions that required monitoring), not 1,031.
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fewer administration errors in comparison with our study. The 

researcher believes that recording prescription and transcrip-

tion errors is easier, as the investigation and observation of 

the administration stage performed by the nurse might raise 

questions for the observer, and any interference with the 

nurse’s job might distract her from her performance.22 It is 

therefore possible for the severity and incidence of MEs, 

particularly during the administration stage, to have been 

underestimated.

In a study conducted by Zeraatchi et  al in the ED of 

Tehran teaching hospital, 500 patients and 1,291 medication 

doses were examined.23 Twenty-two percent of the patients 

had experienced at least one ME and 16 errors had occurred 

in every 100 doses. The highest rate of error occurred in the 

prescription stage (60.8%) and pertained to wrong dose and 

frequency errors. Compared to the present study, the rate of 

prescription errors was higher. Zeraatchi et  al believe the 

high rate of prescription errors in our country to be owing 

to our use of the traditional paper method for prescriptions, 

while in other countries, the CPOE system is used, which 

reduces some problems associated with physicians’ poor 

handwriting and transcription errors and also may reduce 

prescription errors by issuing system warnings, in case of 

possible drug interactions and wrong dosage forms. Although 

we cannot fully rely on CPOE to prevent all types of errors, 

because the CPOE itself can contribute to occurrence of 

some potential errors.8

Nevertheless, prescription errors found in the present 

research were lower, which might be attributed to the obser-

vation of all morning, evening, and night shifts in Zeraatchi 

et al’s study when, in the present study, only the morning and 

evening shifts were observed.

In a study conducted in the ED of Shariati teaching 

hospital of Tehran, 203 MEs (50.5%) were recorded over 

180 hours, with reported error rates being 33% for prescrip-

tion, 63.6% for administration, and 3.4% for monitoring.24 

The higher rate of administration error is consistent with 

our study.

In another study conducted in an academic hospital on 

94 ED nurses through the opinion survey method, the risk 

of MEs was found to be high among nurses; in fact, MEs 

were a major issue of ED’s nurses.25 According to this study, 

the main causes of MEs occurring in the ED is the insuffi-

cient number of nurses, the lack of adequate knowledge on 

medications and fatigue due to huge workloads. In Ehsnai 

et al’s study, only administration errors made by nurses were 

investigated, with the most common errors in this area being 

inappropriate infusion rates (33.3%) and the administration 

of two medications instead of one (23.8%).25 The disparity 

in rates of administration errors might be due to the differ-

ent error collection method used in the mentioned study 

compared to the present study.

In our study, the highest rates of errors pertained to car-

diovascular (27.2%) and antimicrobial (23.6%) medications. 

In Zeraatchi et al’s study, the highest rate of errors pertained 

to cardiovascular medications, in particular, anticoagulants 

and thrombolytics (41.2%) followed by antimicrobial agents 

(37.7%).23 In the present study as well as Zeraatchi et al’s 

study, the highest rates of errors pertained to cardiovascular 

and antimicrobial medications, which might be due to the 

high amount of cardiovascular patients’ referral to our ED.

We consider the administration of prescribed oral medica-

tions by the patient’s companion, administration error due to 

possible inadequacy of the companion’s knowledge about the 

medication regimen especially when multiple drugs should 

be taken together, possible higher patient noncompliance in 

taking prescribed drugs leading to omission, and inadequate 

communication between nurses and patient companion 

because of the crowded nature of ED. All of these factors 

can lead to higher ME occurrence.

We encountered a number of limitations during the con-

ducting of this study, including:

1)	 Although using the direct observation method for deter-

mining MEs was found to cause small negligible behav-

ioral changes in the observed, results obtained are still 

valid and reliable.26,27 It is also possible for the observer 

to fail to record certain MEs over the course of the study; 

nevertheless, data from the present study as well as from 

previous research collected through the direct observa-

tion method, prove that common errors are missed less, 

comparing to voluntary reporting methods.6,10

2)	 Due to the patients’ short hospital stays, we were therefore 

not able to evaluate the level of harm of MEs.

3)	 The impossibility of collecting data during overnight 

shifts due to the hospital’s lack of cooperation with the 

observer for remaining in premises during these hours. 

This may be a significant concern, as sleep deprived staff 

or lower staffing at night may contribute to higher level of 

MEs; additional research about the impact of overnight 

shifts on ME rates are needed.

4)	 Probably many other factors (such as the training level of 

residents or nurses) can be contributing to MEs; however, 

further research is needed to identify them, and imple-

menting actions to reduce the high rate of MEs.

In this study, 96.5% of patients had experienced at least 

one ME. So the rate of MEs is alarming, which requires 
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implementing policies to prevent them. Among the various 

medication use processes, administration errors had the 

highest share of errors, and among administration errors, 

most common errors were the error of the administration 

of prescribed oral medications by the patient’s companion, 

followed by omission and wrong time errors. It appears that 

the presence of a clinical pharmacist in the ED of hospitals 

for the purpose of providing consultation to the physicians 

and responding to the nurses’ questions about medications 

can have a decisive role in the prevention and reduction of 

MEs. Further research to identify the flaws in the system and 

implementing interventions to block the MEs propagation at 

a very early stage are needed.
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