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ABSTRACT
Medication errors are widespread in the health care system and stated to be the seventh most common cause of death overall. The
role of clinical pharmacist in controlling medication use in the operating rooms in Egypt is not clearly defined. The objective of this
study was to investigate the role of clinical pharmacist in the detection, reporting and prevention of medication errors in a pediatric
surgery department in Cairo, Egypt. In this pre-post study, medication errors were detected in two groups of patients. Direct
observation and chart review methods were used for detection of the errors. The type, category, stage of medication errors, in
addition to who committed and who detected the error were determined for each error detected in both pre- and post-intervention
groups. Five drug classes were studied that included: anti-microbials, anesthetics, analgesics, gastrointestinal agents and
miscellaneous drugs. The intervention included educating physicians and anesthesiologists about detection, reporting and
prevention of medication errors, and involvement of a clinical pharmacist in the surgery department. A total of 312 medication
errors were detected in the pre-intervention group out of 936 medication orders for 110 patients, and 224 medication errors were
detected in the post-intervention group out of 693 medication orders for 112 patients (P= 0.67). The intervention resulted in a
significant reduction in low-dose errors (P=0.005) and high-dose errors (P=0.001). Other types of medication errors were reduced at
different rates. Additionally, there was a significant reduction in number of prescribing errors post-intervention (P<0.05). Category C
medication errors were significantly reduced post-intervention (P<0.05). Clinical pharmacist has an essential role in reducing
medication errors in the preoperative setting. Implementation of clinical pharmacy department in surgery departments in Egypt is
necessary to enhance patient safety during surgery.
Keywords: Medication errors, clinical pharmacist, operating rooms.

INTRODUCTION

A

medication error is any error in the medication use
process, whether it resulted in adverse outcomes
or not.
Medication errors are widespread in
health care system and stated to be the seventh most
1
common cause of death overall. A medication error could
occur at any stage of the medication use process
(prescribing, transcription, dispensing, or administration
of a medication) which can lead to failure of
administering the correct drug or the designated
appropriate drug dosage to the patient.2
Medication errors are common in anesthesia practice and
the peri-operative environment.3,4,5 Serious incidents
occurred usually during middle of the anesthesia (42%),
often during induction (26%) and at the beginning of the
procedure (17%), and less at the end of the procedure
(9%).6 Many errors induce little or no harm, but some
have disastrous complications for patients and
occasionally for practitioners.3,7,8
Pediatrics are exposed to a higher risk for medication
errors compared to adults, due to wide variation in body
mass, where doses are to be calculated individually
according to patient age, weight or body surface area,
and clinical condition.9

In a systematic review of 32 studies about medication
errors in pediatric patients, it was observed that wrong
dosing was the most common type of error. Other types
of medication errors were wrong drug, wrong route of
administration, wrong transcription, wrong date,
incorrect frequency of administration, errors of omission,
wrong patient, drugs given to patients with known
allergies, drug interaction, intravenous incompatibility,
and wrong rate of intravenous drug administration.
Antibiotics and sedatives were the most commonly
reported drug classes associated with errors, and the
intravenous route was found to be the most common
route associated with medication errors in children.10
Various measures can be implemented to help reduce
medication errors in pediatrics. Pediatric antibiotic dosing
standardization policy was found to significantly reduce
the incidence of dosing errors in antibiotics prescribed for
pediatric patients in a tertiary care hospital. 11 The use of a
checklist can reduce prescription and administration
errors of medications and intravenous sloutions. 12 The
use of computerized physician order entry has also shown
to be effective in reducing the risk of prescribing
medication errors.13,14 Educational interventions to
physicians and other healthcare team members can
decrease medication errors.15 In addition, reporting
medication errors is an essential measure to prevent
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medication error events in a healthcare system and can
serve as an important tool for enhancing patient
safety.16Another largely discussed method of reducing
medication administration errors is the bar-coded
medication administration.17
This study was conducted to assess the impact of the
presence of a clinical pharmacist in the operating room
and the effect of pharmacist’s educational intervention to
the healthcare staff on the detection and prevention of
medication errors in the operating rooms of a pediatric
surgery department in Egypt. To our knowledge, this is
the first study to investigate intra-operative medication
errors in pediatric patients in Egypt.
MATERIALS AND METHODS
Study Design and Setting
This was a pre-post study, conducted on 222 pediatric
patients admitted to the pediatric surgery department in
a teaching Children’s hospital, Ain Shams University,
Cairo, Egypt, in the period from April 2014 till October
2015.
Patients and Data Collection
All pediatric patients undergoing surgical operations
and/or receiving general anesthesia were included in the
study. The pre-intervention group included 110 patients
and the post-intervention group included 112 patients.
Medication errors were detected pre-, intra-, and postoperatively. All surgeries were attended by the researcher
to observe and detect medication errors intraoperatively. For each patient enrolled in the study, the
following data were recorded: patient’s name, patient’s
hospital ID number, patient’s age, patient’s weight,
patient’s sex, parent or caregiver’s phone number,
procedure name, site of the procedure, date of hospital
entry, date of surgery, date of discharge, date and
number of follow-up visits, length of hospital stay, all
medications received pre-, intra-, and post-operatively,
and post-operative complications including: nausea,
vomiting, fever, persistent pain, diarrhea, and death. A
follow-up sheet was used to record possible postoperative complications. Follow-up was performed
through phone calls to the parent or caregiver of the
patients, observing inpatients in the ward and the
intensive care unit (ICU), and attending the follow-up
visits. Medication errors were detected through direct
9,18-22
9,20,22-25
observation
, and review of medication orders.
Medication errors reports were used by the researcher
for the post-intervention group medication errors to
report detected medication errors.9,20,26 Detected
medication errors for drugs used pre- and/or postoperatively were reviewed by a pediatric surgeon, and
detected medication errors for drugs used during
anesthesia were reviewed by an anesthesiologist.
Ethical Committee Approval
The protocol was approved by the ethical committee of
the faculty of Pharmacy, Ain Shams University.
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Classification of Medication Errors
Detected medication errors were classified according to:
type of the detected error (wrong dose (deviation of
≥ 10% of the recommended dose in pediatric references),
wrong drug concentration, wrong route of administration,
wrong dosing interval, duration of treatment was not
mentioned, wrong drug for patient’s age, dose
administered but not recorded by nurse in the patient’s
ticket), who committed the error (surgery resident,
anesthesia resident, nurse), category of medication error
according to the National Coordinating Council for
Medication Error Reporting and Prevention(NCCMERP)(A:
circumstances or events that have the capacity to cause
error, B: an error occurred but the error did not reach the
patient, C: an error occurred that reached the patient but
did not cause 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 required initial or
prolonged hospitalization, G: an error occurred that may
have contributed to or resulted in permanent patient
harm, H: an error occurred that required intervention
necessary to sustain life, I: an error occurred that may
have contributed to or resulted in the patient’s death) 27,
who detected the error (researcher, physician, nurse),
and stage of the medication error (prescribing,
transcribing, administration).
Intervention
An educational session was held to the physicians
(pediatric surgery and anesthesia residents) about
medication errors detection and prevention. The session
covered the following items:
Definition of medication errors, medication use process,
difference between medication errors and adverse drug
events, barriers to reporting medication errors, categories
of medication errors according to the NCC MERP 27, types
of medication errors, USP medication errors reporting
program, prevention strategies according to the
Anesthesia patient safety foundation’s new paradigm for
enhancing medication safety in the operating room;
denoted
as
STPC
(standardization-technology28
pharmacy/premixed/prefilled-culture) ,and the role of
clinical pharmacist in the operating room.
Statistical Methods
Standard computer program SPSS for Windows, release
13.0 (SPSS Inc, USA) was used for data entry and analysis.
All numeric variables were expressed as mean  standard
deviation (SD). Chi-square (2) test was used to compare
frequency of qualitative variables among the different
groups. Spearman’s correlation test was used for
correlating non-parametric variables. For all tests a
probability (p) less than 0.05 was considered significant.
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RESULTS
A total of 312 medication errors were detected in the preintervention group out of 936 medication orders
administered to 110 patients, and 224 medication errors
were detected in the post-intervention group out of 693
medication orders administered to 112 patients.
Demographic characteristics of patients in both groups
are illustrated in (Table 1).
According to the type of medication errors detected,
there was a significant difference between both groups
regarding the low dose errors (p=0.005). The intervention
also resulted in a significant reduction in the high dose
errors (p=0.001). Although the wrong drug concentration
errors significantly increased in the post-intervention
group (p=0.03), they were all category B errors, so these
errors in the post-intervention group were corrected
before reaching the patient. The most common type of
error in the pre-intervention group was the high dose
errors, while for the post-intervention group; it was the
low dose errors (Figure 1).
In the pre-intervention group, 184 of the errors detected
were committed by surgery residents, that decreased to
112 errors in the post-intervention group, with a
significant difference between the two groups (P=0.04).
There was no significant difference between the two
groups regarding the number of errors committed by the
anesthesia residents and nurses with p-values of 0.15 and
0.3, respectively.
Regarding the category of medication errors according to
the NCC MERP, the difference between the two groups in
category B medication errors was highly significant
(p=0.00006). In addition, there was a significant
difference between the two groups in category C
medication errors (p=0.005), where 269 of the detected
errors in the pre-intervention group were category C
errors, that has dropped to 172 category C errors in the
post-intervention group. No errors were detected in
categories: E, F, G, H, and I, for both groups (Table 2).
The researcher has detected 309 out of 312 errors
committed in the pre-intervention group, and 223 out of
224 errors committed in the post-intervention group,
where the difference between the two groups was nonsignificant (p=0.44). Three errors were detected by the
residents in the pre-intervention group, while only one
error was detected by them in the post-intervention
group (p=0.44). No errors were detected by the nurses in
both groups.
In this study, all detected medication errors occurred in
one of three stages of the medication use process;
prescribing, transcribing, or administration. Most of the
errors detected occurred during the prescribing process
in both groups with a significant difference between both
groups (p=0.04) (Table 3).
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group drugs into therapeutic classes, which included:
anti-microbials, analgesics, gastrointestinal agents,
anesthetics, and miscellaneous class that included any
other drugs used. In all therapeutic classes, there was no
significant difference between the two groups regarding
the number of errors detected within the therapeutic
class. The most common class of errors in both preintervention and intervention groups was the anesthetics
followed by the antimicrobials as demonstrated in (Figure
2).
CORRELATION
For the pre-intervention group, there was a significant
positive correlation between the number of medication
errors and the length of hospital stay (r=0.000), and a
non-significant positive correlation between the number
of medication errors and the number of follow-up visits
(r=0.153).
For the post intervention group, there was a significant
positive correlation between the number of medication
errors and the length of hospital stay (r=0.018), and a
significant positive correlation between the number of
medication errors and the number of follow-up visits
(r=0.001).
For all patients, there was a significant positive
correlation between the number of medication error and
the length of hospital stay (r=0.000), and similarly a
significant positive correlation between the number of
medication errors and the number of follow-up visits
(r=0.000).
DISCUSSION
This study demonstrated a reduction in medication errors
in a pediatric surgery department in a teaching Children’s
hospital in Egypt as a result of physicians’ education
about detection, reporting and prevention of medication
errors, and providing clinical pharmacy services on the
department by a research clinical pharmacist. Similarly,
Davey et al., presented a prescribing tutorial to physicians
in a pediatric unit at a district general hospital in the
United Kingdom. They found that prescription errors have
reduced by 46% due to the introduction of the tutorial. 29
Another study about the influence of a multifaceted
educational intervention on the error rates in medication
preparation and administration in a tertiary neonatal ICU
found that the rate of medication errors declined
30
significantly, from 49% to 31%.
Our data showed that there was a reduction in the total
number of medication errors after the intervention. For
all errors detected, a high dose error represented the
chief group of errors, followed by low dose errors,
unrecorded doses, wrong dosing interval, unmentioned
duration of treatment, wrong drug concentration, and the
least two groups of errors were wrong route of
administration, and wrong drug for age group.

Due to the large number of drugs administered by the
patients, pre-, intra-, and post-operatively, we decided to
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Table 1: Demographic Characteristics of Patients in the Pre- and Post-Intervention Groups
P-Value

Pre-Intervention

Post-Intervention

Number of Patients

110

112

Mean Age in Months (Range)

41.11 (1.33-192)

43.72 (0.1-156)

0.532

Mean Weight in Kg (Range)

13.86 (2.2-40)

14.89 (2.5-50)

0.230

Gender

No. of Males

No. of Females

No. of Males

No. of Females

80

30

81

31

0.946

Table 2: Comparing the Categories of Medication Errors Detected in the Pre- and Post-Intervention Groups
Category of Error

Pre-Intervention

Post-Intervention

P-Value

A

39

35

0.3

B

3

17

0.00006

C

269

172

0.005

D

1

0

0.58

Table 3: Comparing the Stage of Medication Errors Detected in the Pre- and Post-Intervention Groups
Stage of Error

Pre-Intervention

Post-Intervention

P-Value

Prescribing

184

112

0.04

Transcribing

39

35

0.3

Administration

89

77

0.15

Figure 1: Comparing the Types of Medication Errors Detected in the Pre- and Post-Intervention Groups

Figure 2: Comparing the Total Number of Errors Detected in Different Drug Classes in the Pre- and Post-Intervention
Groups
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In coincidence, Kaushal et al in their study to analyze the
major types of medication errors in all pediatric wards
including surgical wards at two teaching hospitals
reported that most medication errors were dosing errors
(28%), followed by errors in route of administration,
medication administration records transcription and
documentation, date, and frequency of administration in
31
pediatric inpatient settings. Similarly, Engum and
Breckler in their study to evaluate medication errors in
the pediatric surgical service provided at a Children’s
tertiary hospital reported that an incorrect dose of
medications was the dominant type of error detected.32 In
a systematic review of thirty two studies about
medication errors in pediatrics, dosing errors were found
to be the most common type of error.10
In the current study, Anesthetics were the class of drugs
most involved in medication errors, followed by
antimicrobials, analgesics, gastrointestinal agents, and
the least involved was the miscellaneous class. In a study
considering pediatric medication errors in the postanesthetic care unit (PACU) reported to the MEDMARX
database over a period of six years, researchers reported
that half of the errors were involving morphine,
acetaminophen, meperidine, or fentanyl.33Contrarily,
Engum and Breckler stated that antibiotics were the most
32
involved class in medication errors. in another study;
the drug classes associated most frequently with errors
were anti-infectives, electrolytes and fluids, and
analgesics and sedatives.31
Most of the medication errors detected in this study were
category C (82.2%) where the errors reached the patient
but caused no harm, followed by categories A (13.8%)
and B (0.18%) errors where errors never made it to the
patient, and only one category D (0.18%) error was
detected in the pre-intervention group where the error
reached the patient and required monitoring to confirm
that it resulted in no harm. In Engum and Breckler’s study,
most of the incorrect orders were categories A and B, and
(5%) only reached the patient and caused temporary
harm (category E).32 In a research examining seven years
of PACU medication errors from the MEDMARX database,
category C represented (67.8%) of the submitted
4
medication error reports in the pediatric population.
In this study, (55.2%) of the medication errors occurred
during prescribing, (30.9%) during administration, and
(13.8%) during transcribing stage. Similarly, a study
investigating medication errors in a pediatric ICU found
that administration and prescription errors had the
highest share of medication errors detected. 34
For all medication errors detected in the study, the errors
were chiefly detected by the researcher pharmacist
(99.2%). (0.74%) of the errors was detected by the
residents, while no errors were detected by the nurses.
Surgery residents committed (55.2%) of the total
medication errors detected. (30.9%) of the errors were
committed by the anesthesia residents and (13.8%) were
committed by the nurses.
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Our method for detection of the medication errors was
mainly the direct observation method. Direct observation
is the only method available for detecting errors of
administration.20 Many studies have used the direct
observation method for detection of medication
9,18,19,21,22,25,30,32,34
errors.
In addition; review of medication
charts was used to detect medication errors that might be
missed during observation. Some studies have used the
chart review method for detection of medication
9,12,15,22-25
errors.
Incident reporting was used in some
studies to detect medication errors where the person
who witnessed, committed or discovered an error
spontaneously reports the error through filling in an
incident report.7-9,26 In this study, incident reports were
used by the researcher in the post-intervention group to
report the detected medication errors.
Our study has several limitations. The comparison of our
data with other studies was challenging due to the lack of
studies investigating intra-operative medication errors in
the pediatric population, in addition to differences in the
healthcare systems, definitions of medication errors and
methodology used. We studied errors in the surgery
department in one teaching Children’s hospital in Egypt,
so our findings may not be applicable to other hospitals,
but we think they may be applicable to other
departments in the hospital. Even with an integrative
methodology to data collection, we probably failed to
detect some errors, because only the researcher was
observing drug administration, reviewing charts and
collecting all data required for the study. Errors may be
more reliably detected by including a number of trained
observers in the study. Finally, the occurrence and
detection of medication errors could be affected by the
Hawthorne effect as the observation process was
undisguised.
CONCLUSION
Clinical pharmacist involvement in the medication use
process in surgery departments is critical to help reduce
medication errors in the peri-operative setting, and
ensure compliance and adherence to the standards
related to the medication use process. Implementation of
clinical pharmacy department in surgery departments in
Egypt is necessary to enhance patient safety during
surgery through reviewing medication requests from
surgery or anesthesiology staff before the drug is
dispensed, detecting and preventing medication errors
not identified by the physician, recommending the
appropriate management of adverse drug reactions that
occur in the operating room, and monitoring drug therapy
that help assess improved patient outcome.35
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