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Abstract

Background: Clinical pharmacists have a vital role in intercepting prescribing errors (PEs) but their impact within a
Jordanian hospital emergency department (ED) has never been studied. Objective: To evaluate the impact of clinical
pharmacy services on PEs and assess predictors of physicians’ acceptance of clinical pharmacists’ interventions. Setting:
This study was conducted in the ED of the largest governmental hospital in Jordan. Method: This was a pre-post study
conducted in October and November 2019 using a disguised observational method. There were 2 phases: control phase
(PO) with no clinical interventions, and active phase (Pl) where clinical pharmacists prospectively intervened upon errors.
The clinical significance of errors was determined by a multidisciplinary committee. The SPSS software version 24 was
used for data analysis. Main Outcome Measure: PEs incidence, type, severity, and predictors for physicians’ acceptance.
Results: Of 18003 patients, 8732 were included in PO and 9271 in PI. PEs incidence decreased from 24.6% to 5.4%.
Contraindication, drug selection, and dosage form error types were significantly reduced from 32.6%, 9.1%, and 3.7% (P0)
to 12.6%, 0.0%, and 0.0% (P1), respectively. Albeit not statistically significant, drug-drug interaction, drug frequency, and
allergy error types were reduced from 4.9%, 3.1%, and 0.1% to 4.5%, 2.5%, and 0.0%, respectively. Significant and serious
errors were significantly reduced from 68.7% and 3.0% (PO) to 8.9% and 1.8% (PI), respectively. During Pl, most errors
were minor (89.3%, 1574/1763), and lethal errors ceased. Predictors for physicians’ acceptance were: significant errors (OR
3.1;95% Cl 2.6-4.3; P = 0.03) and non-busy physicians (OR 2.1; 95% CI 1.6-2.7; P = 0.04). Conclusion: Clinical pharmacists
significantly reduced PEs in the ED by 76%; most of interventions were significant. Policymakers are advised to implement
active clinical pharmacy in the ED.
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Introduction

Prescribing errors (PEs) are common, occurring in in 50% of
hospital admissions'~ and preventable. The incidence of PEs
in the UK has been reported to be 8.4%?° and in Saudi Arabia
PEs incidence ranged from 7.1% to 94% of prescriptions.*
Although PEs can occur in any medical ward, the emergency
department accounts for a large number of medication
errors.’ Clinical pharmacists (CPs) are vital healthcare pro-
fessionals mitigating medication errors, particularly PEs in
hospitals.*'® Moreover, CPs have a crucial role in preventing
PEs in EDs before reaching patients.'”!*?! There is much
evidence from around the world highlighting the impact of
pharmacists on medication safety.®!"122223 There is less evi-
dence from the Middle East, however, an Iranian study
reported that CPs identified 498 errors; most of CPs’ recom-
mendations were accepted by physicians®® and another
Iranian study showed that half of CPs’ interventions were
deemed moderate to life-saving.?® Within Jordan, a study
tracked CPs’ recommendations at a university hospital and
found that around 70% of physicians accepted CPs’ interven-
tions.?® Clinical pharmacy services in the ED are less stud-
ied, traditionally being outside of the typical hospital
pharmacist duties. However, the potential benefit of clinical
pharmacists in the ED is increasingly recognized®’ and stud-
ies have shown the impact ED pharmacists can have in this
setting. In the USA, CPs reduced medication errors by 80%
and saved over 800000$ annually at an emergency depart-
ment of children’s hospital.?® In Iran, medication errors rate
was reported to be high in the ED, many of these errors were
related to prescriptions.?’

However, clinical pharmacy services are not actively
implemented in Jordanian hospitals, especially with the ED.
Most pharmacists working in the ED setting in Jordan are
pharmacists without special clinical training.3*** Whereas
Pharmacists who have undertaken clinical training in Jordan
take an active role in managing clinical conditions, such as
hyperglycemia, chronic kidney disease, asthma, and dyslip-
idemia.?*3* Having such specialist clinical pharmacists
working in the ED could have a positive impact on ED
patient care. However, there is a scarcity of studies related to
clinical pharmacy contributions in PEs detection in the emer-
gency department. Our study was the first pre-post study in
the Middle East to investigate the impact of CPs in prevent-
ing PEs in the emergency department. Our primary hypoth-
esis was that the implementation of clinical pharmacy
services in the emergency department would result in a con-
siderable reduction of PEs.

Aim of the Study

The study aimed to: (1) assess the impact of clinical phar-
macy services on the rate of prescribing errors; and (2) assess
the predictors of physicians’ acceptance of CPs’ prescribing
error interventions in the emergency department of a large
governmental hospital in Jordan.

Ethics Approval

The study was approved by the Ministry of Health in Jordan,
the Administrative Committee of Al Bashir Hospital (Code.
MOH REC 1900051), and the Institutional Review Board
(IRB) at the University of Petra (no. 7H-06-2019).

Method
Study Design and Setting

This study was a pre-post study conducted in the emergency
department of the biggest governmental hospital in Jordan
over 8 weeks from early October 2019 to the end of November
2019. The study was divided into 2 phases (Figure 1): retro-
spective pre-intervention control phase (P0) and prospective
intervention active phase (P1). The study was carried out in
a 45-bed emergency department of Al-Bashir Hospital,
where more than 600000 patients receive healthcare annu-
ally. There were 3 rotating shifts in the emergency depart-
ment per day and the total number of emergency department
doctors was 77; either general practitioners or emergency
department specialists. The total number of pharmacists in
the emergency department was 8. Most of them had 3 to
Syears of experience in hospitals and none of them had clini-
cal pharmacy practice training. There were 3 doctors for each
8-hour shift. In the emergency department, doctors diag-
nosed patients and wrote prescriptions on the electronic
patient record (EPR), “Hakeem©?”. In order to minimize the
Hawthorne effect doctors were blinded to the study aim. We
used the Strengthening the Reporting of Observational stud-
ies in Epidemiology (STROBE) checklist as a guide to
reporting our study.>*

Data Collection

During the PO phase, data were collected retrospectively by
disguised direct observation over 4weeks by the research
team, which included a Senior CP (DAQ) and a CP (AAM).
The research team had access to all data in the EPR, such as:
history of present illness, past medical history, medical
images, laboratory tests, current and past medications, aller-
gies, in-patient and out-patient clinic visit notes, and medica-
tion orders. The research team met each day to agree upon
the occurrence and type of errors recorded and these were
recorded using a standardized PE reporting form to calculate
incidence of PEs. For ethical reasons, during the PO phase,
the research team communicated all detected errors to the
head of the emergency department and emergency depart-
ment pharmacists. During the P1 phase, the CP (AAM) pro-
vided full clinical pharmacy services: interviewing patients,
performing medication use reviews, contacting physicians to
resolve potential PEs within 1 to 3 hours of prescribing. They
also recorded physicians’ acceptance of CP’s interventions.
The Senior CP (DAQ) simultaneously investigated, reviewed,
and confirmed all potential PEs during the P1 phase. One
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Figure |. Classification patients and errors during PO and P| phases.

working shift was randomly selected in each data collection
day: the morning shift (8:00 am-4:00pMm), the evening shift
(4:00pm-12:00AM) or the night shift (12:00 aM-8:00 am).
During both phases, CPs used the same PE reporting form
and the same operational definitions which were adopted
from Dean Franklin’s article.> A PE can be defined as “a
clinically meaningful prescribing error occurs when, as a
result of a prescribing decision or prescription writing pro-
cess, there is an unintentional significant reduction in the
probability of treatment being timely and effective or increase
in the risk of harm when compared with generally accepted
practice.” All emergency department patients classified
with non-life threatening injuries during the study period
were included. Patients with life-threatening injuries and
patients from other wards, who came to the emergency
department pharmacy to have their medicines dispensed,
were excluded. Clinical pharmacists’ interventions not asso-
ciated with PEs were also excluded.

Piloting

A small-scale preliminary study was conducted in order to
evaluate feasibility, time and practicality prior to conduct-
ing the full-scale study. Piloting was conducted in the
emergency department for 3days per each phase. As a
result of piloting, many modifications to the data collec-
tion method were made; for example: prospective observa-
tion was adopted instead of the originally planned

retrospective method to ensure reliability and reproduc-
ibility of results and we decided to contact physicians
within 3 hours instead of 7days to increase physicians’
ability to recall the details of the cases.

PEs Incidence

Abdel-Qader et al’s formulae*® were adopted to calculate the
incidence of PEs; this was calculated as the total number of
PEs divided by the total number of medication orders
recorded plus those omitted in error. A medication order is a
direction given by a physician to dispense and administer a
medication for a certain medical indication.’” A prescription
may contain one or more medication orders.

Severity of PEs

A multidisciplinary committee, comprised of an independent
senior emergency department physician, a senior clinical
pharmacist (DAQ) and a clinical pharmacist (AAM),
assessed the severity of PEs. The committee had access to
each case’s brief clinical information, such as: demograph-
ics, diagnosis, drug selection, dose, frequency, duration,
hypersensitivity, contraindications, and microbiology inves-
tigation results (including antibiotic susceptibilities of any
identified pathogens) against the British National Formulary
(BNF; 74th edition) and the CP intervention notes. Overhage
and Lukes’ severity scale®® was used to grade errors into
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Figure 2. Acceptance of clinical pharmacists’ intervention based on error types during P| phase.

lethal, serious, significant, and minor. Any disagreement was
resolved by discussion.

Interrater Reliability

The Kappa statistic was used to test the interrater reliability.
A kappa value below 0.5 was considered poor reliability,
above 0.5 and below 0.7 moderate reliability, above 0.7 good
reliability, and above 0.8 great reliability.>

Predictors

Predictors of physicians’ acceptance of CPs’ interventions
were studied using multivariate logistic regression.
Independent variables were compiled from the literature and
those related to current medical practice in Jordan and
included error severity, therapeutic category of ordered med-
ication, type of error, and non-busy physicians (a physician
was considered non-busy if he had less than 5 patients to deal
with at the time of the CP’s intervention). To enhance reli-
ability of regression, errors were categorized into significant
(lethal, serious, and significant) and insignificant (minor)
errors. Binary physicians’ acceptance (Yes/No) was the
dependent variable. Only statistically significant predictors
were listed in the results.

Multicollinearity Test

Multicollinearity is a statistical measure in which 2 or more
predictor variables in a multiple regression model are highly
correlated. If there is no linear relationship between predictor
variables, they are said to be orthogonal or uncorrelated.*’ To
ensure accuracy of regression analysis results, guidelines
state that the threshold for multicollinearity probability is
when variance inflation factor=3. If it is >3, it will be
problematic.

Data Analysis

Statistical tests of data, such as descriptive analysis, logistic
regression, multicollinearity test, and interrater reliability,
were performed using the Statistical Package for Social
Science (SPSS) software Version 24.

Results

Overview of Results

Of 18003 patients included in our study, 8732 were included
during the PO phase and 9271 during the P1 phase. The CP
intervened upon 8032 PEs during the P1 phase and 6269
interventions were accepted by physicians (Figure 2). The
CP reduced significantly PE incidence by 76.0%; from
24.6% (PO phase) to 5.4% (P1 phase). The number of PEs
per patient decreased from 0.8 to 0.2. Except for figures
related to PEs, no other statistically significant differences
were found between PO and P1 phases. Demographic charac-
teristics of patients, clinical data, medication orders and inci-
dence of PEs during PO phase (October 2019) and P1 phase
(November 2019) are shown in Table 1.

Types of Prescribing Errors Detected

As shown in Table 2, the proportion of contraindications,
electronic drug selection, and wrong dosage form error types
were significantly reduced from 32.6%, 9.1%, and 3.7% (PO
phase) to 12.6%, 0.0%, and 0.0% (P1 phase), respectively.
Drug-Drug interaction, wrong drug frequency, and allergy
error types were insignificantly reduced from 4.9%, 3.1%,
and 0.1% to 4.5%, 2.5%, and 0.0%, respectively. The propor-
tion of wrong dose and omission errors were significantly
increased from 25.3% and 18.7% (PO phase) to 37.2% and
43.2% (P1 phase), respectively.
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Table I. Characteristics of Patients and Results During PO and PI.
PO phase Pl phase P value of
Code Characteristic (control) (post-intervention) difference
A Number of included patients 8732 9271 >.05
B Mean age in years (range) 17.3 9.7 (2-66) 2155 11.2 (1-71) >.05
C Gender (No., %)
Male (4768, 54.6%) (4849, 52.3%) >.05
Female (3964, 45.4%) (4422, 47.7%) >.05
D Mean length of stay (h) 9+6 7*4 >.05
E Patients with co-morbidities (No., %) (1030, 11.8%) (881, 9.5%) >.05
F Total number of medication orders 28816 32449 >.05
G Total number of omission errors 1169 263 <.05
H Mean number of medications per patient (range) 33217 (1-7) 35=1.1(1-6) >.05
] Number of patients with PEs 2671 493 <.05
K Number of medication orders for patient with PEs 6921 2131 <.05
L Total number of PEs 7368 1763 <.05
M PEs per patient, {M=L/A} 0.8 0.2 <.05
N PEs per medication order, {N=L/F} 0.25 0.05 <.05
) PEs incidence, {O=L/(F+G) X 100%} 24.6% 5.4% <.05
Note. Data in B, D, and H are presented in mean = standard deviation. PEs = prescribing errors.
Table 2. Types and Examples of Errors During PO (Control) and P| Phase (Post-Intervention).
PO phase Pl phase P value of
Type of error Example 7368 (n, %) (n, %) difference
Contraindication A |-year-old child, diagnosed with acute bronchitis and had (2403, 32.6) (224, 12.6) <.05
(wrong drug) history of moderate asthma, the prescription contained
diclofenac sodium 12.5 mg suppository.
Wrong drug dose A 47-year-old male patient suffered from severe cramping pain (1864, 25.3) (655, 37.2) <.05
with history of ulcerative colitis, the prescription contained
hyoscine butyl bromide 10 mg tablet 3 times per day.
Omission error A 2-year-old child suffered severe diarrhea and fever. The (1378, 18.7) (761, 43.2) <.05
prescription contained just paracetamol without oral
rehydration solution.
Electronic A |2-year-old male patient suffered from street dog bite in his (670, 9.1) (0.0, 0.0) <.05
selection errors leg, the prescription contained ranitidine injection.
Drug-drug A 64-year-old male patient suffered from acute back pain. (361, 4.9) (78, 4.5) >.05
interaction Patient was on: enalapril maleate, aspirin, and metformin. The
prescription contained naproxen sodium DS 500 mg tablet
BID to be taken for 14days.
Wrong dosage A 2-year-old child suffered from diarrhea and fever. (273, 3.7) (0.0, 0.0) <.05
form Prescription contained metronidazole 250 mg tablet.
Wrong dose A 23-year-old patient suffered from severe pain due to (228, 3.1) (45, 2.5) >.05
frequency shoulder trauma. Prescription contained diclofenac sodium
75mg extended-release tablet TID.
Duplicate drugs A |7-year-old patient suffered from gastric ulcer. Prescription (184, 2.5) (0.0, 0.0) <.05
contained omeprazole 20 mg tablet (entered twice).
Allergy A 49-year-old patient suffered from acute bronchitis with (7,0.1) (0.0, 0.0) >.05
history of Type-| penicillin allergy. Prescription contained
ceftriaxone (Rocephin®) | g IM injection.
Total (7368, 100) (1763, 100)
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Table 3. Clinical Significance Prescribing Errors During PO and P| Phase.

PO phase Pl phase (post- P value of
Severity Examples (control) intervention) difference
Significant Cefalexin and chlorpheniramine written for adult patient suffered (5066, 68.7%) (157, 8.9%) <.05
from severe headache (PO phase).
Minor Paracetamol prescribed for a 2-year-old feverish child; the omitted (2074, 28.1%) (1574, 89.3%) <.05
dose of the drug was added by the pharmacist (Pl phase).
Serious Adult patient experienced moderate cough, the prescription (221, 3.0%) (32, 1.8%) <.05
contained fluvoxamine maleate (PO phase).
Lethal A 49-year-old patient suffered from acute bronchitis with history (7,0.1%) (0, 0.0) >.05

of Type-| penicillin allergy. Prescription contained ceftriaxone

(Rocephin®) | g IM injection (PO phase).

Physicians” Acceptance of Clinical Pharmacists’
Interventions

As illustrated in Figure 2, the overall acceptance rate of CPs’
interventions was 78.1% (n=6269/8032). Physicians
accepted all CPs’ interventions related to antibiotic allergy
(100%, n=28/8), duplicate drugs (100%, n=201/201), wrong
dosage form (100%, n=297/297), and electronic prescribing
selection errors (100%, n=732/732). However, the lowest
rate of acceptance was for clinical interventions related to
wrong drug dose (66.0%, n=1343/2034) and drug-drug
interactions (66.7%, n=263/395).

Clinical Severity of Prescribing Errors

The proportion of significant and serious errors were signifi-
cantly reduced from 68.7% and 3.0% (PO phase) to 8.9% and
1.8% (P1 phase), respectively. During P1 phase, most of
errors were minor (89.3%, 1574/1763), and lethal errors dis-
appeared. More details about severity of PEs during PO and
P1 phases were summarized in Table 3.

Predictors for Physicians’ Acceptance

Predictors of physicians’ acceptance (Table 4) were: PEs
with significant severity (OR 3.1; 95%CI 2.6-4.3; P=.03)
and non-busy physicians (OR 2.1; 95%CI 1.6-2.7; P=.04).
The results showed no chance for multicollinearity (all VIFs
<3.00); our regression analysis process was accurate and
specific.

Discussion

Although clinical pharmacists (CPs) have an essential role in
optimizing pharmacotherapy in the emergency department,
clinical pharmacy services in EDs are not actively imple-
mented in Middle Eastern countries. Therefore, our study
aimed to study the impact of CPs on reducing PEs in the
emergency department of a large governmental hospital in
Jordan. Our results showed that CPs decreased the incidence
of PEs in the emergency department from 24.6% to 5.4%

(76.0% drop in PEs incidence). This significant enhance-
ment of pharmaceutical care could be explained by the clini-
cal expertise CPs possess to identify and correct PEs coupled
with the amount of clinical information that CPs had access
to (via EPR) during the interventional phase (P1). Our meth-
odology was robust since both control and active phases
were performed on the same ward with similar conditions
including physicians, CPs, therapeutic protocols, EPR, and
consecutive time periods.

However, our study has a number of limitations. Since we
included only one emergency department in our research,
during a relatively short interventional period, our findings
cannot be generalized. However, our study was performed in
the largest and busiest hospital in Jordan and almost all EDs
in Jordan operate using similar therapeutic protocols as well
as possessing comparative administrative and technical
systems. Hence, our study highlights the potential role of
clinical pharmacy services in the emergency department.
Although our study aim was disguised from emergency
department physicians, we cannot exclude the possibility of
the Hawthorne effect completely, especially during the inter-
ventional phase. However, the emergency department had
more than 70 physicians working different shifts so it is
expected that physicians’ behaviors were not significantly
affected by the presence of the CP.

Consistent with our findings, clinical interventions of
emergency department pharmacists in Australia reduced PEs
per patient by 71% and PEs per drug order by 76% between
the control and active periods.'> In addition, CPs’ inter-
ventions reduced the rate of PEs from 14.1% to 5.1% in a
surgical intensive care unit in Germany.® Similarly, CPs’
interventions significantly influenced the implementation of
recommendations to identify and correct PEs in the UK.!' In
Spain, a study conducted on a pediatric ward concluded that
CPs’ interventions had a major impact on reducing PEs.'? As
described previously, many other studies conducted in the
UK, USA, India, Iran, Pakistan, and Germany emphasized
the important role of clinical pharmacy services in reducing
PEs.810.17.18.22:2528:41 However, almost all these studies were
not interventional, and did not use measures to minimize
the Hawthorne effect. Furthermore, many of them did not
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Table 4. Predictors for Physicians’ Acceptance (Phase ).
95% Cl for odds
Independent variables
Dependent variables (predictors) Odds ratio P value Lower Upper
Physicians’ acceptance (Yes) Severity (significant) 3.1 .03 2.6 4.3
Physician’s status (non-busy) 2.1 .04 1.6 27

perform statistical tests to ensure the reliability of the sever-
ity ratings and logistic regression model. Therefore, their
results may not reflect strong reliable outcomes regarding
the impact of CPs on PEs.

Clinical interventions in our study succeeded to correct
different types of errors, most of which were: wrong drug,
drug selection errors, and wrong dosage form. Allergy-
related errors disappeared during the interventional phase.
However, the proportion of a few error types, such as omis-
sion and wrong dose, increased; this was mainly due to
physicians’ rejection of pharmacists’ recommendations.
Physicians’ poor adherence to the guidelines, physicians
lacking EPR and electronic prescribing skills and the over-
crowded environment of the emergency department might
have contributed to errors. In addition, emergency depart-
ment pharmacists, located in the emergency department
pharmacy, had no access to life-threatening cases that
required immediate intervention and notification to physi-
cians. Consistent with our results, most of the clinical inter-
ventions of emergency department pharmacists in Australia
during the active period were related to requests for the
prescription of drugs indicated but not prescribed.” In a
nephrology ward in Iran, most CPs’ interventions aimed to
correct wrong frequency (37.2%) and wrong drug selection
(19.8%).'* In a Dutch intensive care unit, most CPs’ recom-
mendations were due to drug or dose omission.'® Therefore,
it is expected that types of errors and CPs’ recommendations
would be different based on the ward type, geographic loca-
tion and level of staff training.

Most PEs during our study were considered significant,
which was consistent with the literature.>'> Our study
showed high acceptance of physicians to recommendations
of CPs, especially when errors were not debatable, such as:
electronic selection errors, wrong dosage form, or when
errors were potentially life-threatening. However, our results
showed that physicians rejected more than one-third of CPs’
interventions related to wrong drug dose and drug-drug
interactions. Physicians’ poor knowledge on updated thera-
peutic guidelines and drugs’ pharmacodynamics and phar-
macokinetic properties might have contributed to this result.
To investigate physicians’ acceptance more deeply, we used
multivariate logistic regression; our results showed that
physicians were 3.1 times more likely to accept significant
interventions (significant, serious, and lethal errors) than
insignificant recommendations (minor errors). In addition,
our findings emphasized that non-busy physicians were 2.1

times more likely to accept CPs’ interventions than busy
physicians, who dealt with large number of patients in a short
period of time. Many measures can be taken to improve phy-
sicians’ response to clinical pharmacy services, such as:
increasing the number of physicians, workshops to raise
awareness of the significance of clinical pharmacy interven-
tions, and the implementation of an active and cooperative
clinical pharmacy program, which can identify and correct
errors before they harm patients.

In summary, implementation of clinical pharmacy ser-
vices in the emergency department can significantly mini-
mize the number of PEs, particularly significant and serious
errors, which may cause severe harm to patients. This would
help reduce potential mortality and morbidity in the emer-
gency department setting, particularly for vulnerable patients.
Our study showed that clinical pharmacists successfully
intervened on wrong drug, electronic drug selection, and
wrong dosage form; thus, efficiently preventing PEs that
may eventually lead to high rate of mortality and morbid-
ity.** Policy makers should implement continual profes-
sional programs for hospital pharmacists to enhance their
clinical skills. Further studies to collect data from other
wards and hospitals are necessary to better investigate the
impact of clinical pharmacy services in Jordan.

Conclusion

Clinical pharmacists significantly decreased PEs in the emer-
gency department by 76.0%; the majority of interventions
were accepted by physicians. Health officials in Jordan are
encouraged to utilize our findings and implement clinical
pharmacy services to enhance patient care.

Acknowledgments

We thank the University of Petra and the Ministry of Health in
Jordan for facilitating our research. Our thanks go to pharmacists
and physicians in the emergency department for their cooperation.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.



Hospital Pharmacy 00(0)

ORCID iD

Ahmad Z. Al Meslamani

https://orcid.org/0000-0002-8370-9562

References

1.

10.

11.

12.

13.

14.

15.

Lewis PJ, Dornan T, Taylor D, Tully MP, Wass V, Ashcroft
DM. Prevalence, incidence and nature of prescribing errors in
hospital inpatients. Drug Saf. 2009;32(5):379-389.

. Bates DW, Cullen DJ, Laird N, et al. Incidence of adverse

drug events and potential adverse drug events. Implications
for prevention. ADE Prevention Study Group. JAMA. 1995;
274(1):29-34.

. Abdel-qader DH, Harper L, Cantrill JA, Tully MP. Pharmacists’

interventions in prescribing errors at hospital discharge: an
observational study in the context of an electronic prescrib-
ing system in a UK teaching hospital. Drug Saf. 2010;33(11):
1027-1044.

. Alhomoud FK, Alnemari W, Alfahmi H, Alhomoud F,

Cheema E. Incidence and prevalence of prescribing errors
in Saudi Arabia: a systematic study. Int J Pharm Pharm Sci.
2016;8(12):194-198. doi:10.22159/ijpps.2016v8i12.14973

. Kohn L, Corrigan J, Donaldson M. To Err is Human: Building

a Safer Health System. Washington, DC: National Academies
Press; 2000.

. Kessemeier N, Meyn D, Hoeckel M, Reitze J, Culmsee C,

Tryba M. A new approach on assessing clinical pharmacists’
impact on prescribing errors in a surgical intensive care unit.
Int J Clin Pharm. 2019;41(5):1184-1192. doi:10.1007/s11096-
019-00874-8

. Khalili H, Karimzadeh I, Mirzabeigi P, Dashti-khavidaki S.

Evaluation of clinical pharmacist’s interventions in an infec-
tious diseases ward and impact on patient’s direct medication
cost. Eur J Intern Med. 2013;24(3):227-233. doi:10.1016/j.
€jim.2012.11.014

. Koren G, Reich A. Use of clinical pharmacists to prevent medi-

cation errors in children. J Pharm Technol. 1991;7(6):219-221.

. Simpson JH, Lynch R, Grant J, Alroomi L. Reducing medica-

tion errors in the neonatal intensive care unit. Arch Dis Child
Fetal Neonatal Ed. 2004;89(6):F480-F482.

Sridevi K, Subbaiah MV, Surekha M, et al. Clinical pharma-
cist role in drug information services and medication errors
management at tertiary care hospital. IOSR J Dent Med Sci.
2017;16:16-23.

Dale A, Copeland R, Barton R. Prescribing errors on medi-
cal wards and the impact of clinical pharmacists. /nt J Pharm
Pract. 2003;11:19-24.

Fernandez-llamazares CM, Calleja-hernandez MA, Manrique-
rodriguez S, Pérez-sanz C, Duran-garcia E, Sanjurjo-sacz M.
Impact of clinical pharmacist interventions in reducing paedi-
atric prescribing errors. Arch Dis Child. 2012;97(6):564-568.
Caplygin FM, Lam SS, Leung BK. Impact of an emergency
department pharmacist on prescribing errors in an Australian
hospital. J Pharm Pract Res. 2007;37(4):284-286.

Vessal G. Detection of prescription errors by a unit-based
clinical pharmacist in a nephrology ward. Pharm World Sci.
2010;32(1):59-65.

Khalili H, Farsaei S, Rezaee H. Role of clinical pharmacists’
interventions in detection and prevention of medication errors
in a medical ward. Int J Clin Pharm. 2011;33(2):281-284.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Klopotowska JE, Kuiper R, van Kan HJ, et al. On-ward partici-
pation of a hospital pharmacist in a Dutch intensive care unit
reduces prescribing errors and related patient harm: an inter-
vention study. Crit Care. 2010;14(5):R174.

Farmer BM, Hayes BD, Rao R, Farrell N, Nelson L. The role
of clinical pharmacists in the emergency department. J Med
Toxicol. 2018;14(1):114-116.

Margarita CL, Siles G, Vicente JA, Felipe F. Role of clini-
cal pharmacists to prevent drug interactions in cancer outpa-
tients: a single-centre experience. /nt J Clin Pharm. 2014;
36(6):1251-1259.

Patanwala AE, Sanders AB, Thomas MC, et al. A prospective,
multicenter study of pharmacist activities resulting in medi-
cation error interception in the emergency department. 4Ann
Emerg Med. 2012;59(5):369-373. doi:10.1016/j.annemerg-
med.2011.11.013

Dabaghzadeh F, Rashidian A, Torkamandi H, et al. Medication
errors in an emergency department in a large teaching hospital
in Tehran. fran J Pharm Res. 2013;12(4):937-942.

Rothschild JM, Churchill W, Erickson A, et al. Medication
errors recovered by emergency department pharmacists. Ann
Emerg Med.2010;55(6):513-521. doi:10.1016/j.annemergmed.
2009.10.012

Langebrake C, Hilgarth H. Clinical pharmacists’ interven-
tions in a German University Hospital. Pharm World Sci.
2010;32(2):194-199.

Kaboli PJ, Hoth AB, McClimon BJ, Schnipper JL. Clinical
pharmacists and inpatient medical care. Arch Intern Med.
2006;166(9):955-964.

Hassani S, Eshraghi A, Taheri M, Hematian F, Sahraei Z. Role
of clinical pharmacists in early detection, reporting and preven-
tion of medication errors in a medical ward. J Pharm Care.
2015;3(3-4):54-60.

Dashti-Khavidaki S, Khalili H, Hamishekar H, Shahverdi S.
Clinical pharmacy services in an Iranian teaching hospital: a
descriptive study. Pharm World Sci. 2009;31(6):696-700.
Al-azzam SI, Shara M, Alzoubi KH, Almahasneh FA,
Iflaifel MH. Implementation of clinical pharmacy ser-
vices at a university hospital in Jordan. /nt J Pharm Pract.
2013;21(5):337-340.

Jacknin G, Nakamura T, Smally AJ, Ratzan RM. Using phar-
macists to optimize patient outcomes and costs in the ED. Am J
Emerg Med. 2014;32(6):673-677. doi:10.1111/ijpp.12009
Mialon PJ, Williams P, Wiebe RA. Clinical pharmacy
services in a pediatric emergency room. Hosp Pharm.
2004;39(2):121-124.

Zeraatchi A, Talebian M-T, Nejati A, Dashti-Khavidaki S.
Frequency and types of the medication errors in an academic
emergency department in Iran: the emergent need for clinical
pharmacy services in emergency departments. J Res Pharm
Pract. 2013;2(3):118-122.

Aburuz SM, Bulatova NR, Yousef A-MM, Al-Ghazawi MA,
Alawwa IA, Al-Saleh A. Comprehensive assessment of treat-
ment related problems in hospitalized medicine patients in
Jordan. Int J Clin Pharm. 2011;33(3):501-511.

Aburuz SM, Alrashdan Y, Jarab A, Jaber D, Alawwa IA.
Evaluation of the impact of pharmaceutical care service on
hospitalized patients with chronic kidney disease in Jordan.
Int J Clin Pharm. 2013;35(5):780-789.


https://orcid.org/0000-0002-8370-9562

Abdel-Qader et al

32.

33.

34.

35.

36.

37.

Almomani BA, Mayyas RK, Abu F, Ayoub AM, Ababneh
MA, Alzoubi SA. The effectiveness of clinical pharmacist’s
intervention in improving asthma care in children and adoles-
cents: randomized controlled study in Jordan. Patient Educ
Couns. 2017;100(4):728-735. doi:10.1016/j.pec.2016.11.002
Adnan R, Violet B, Amal K, Dana A. Impact of clinical phar-
macists intervention on management of hyperglycemia in preg-
nancy in Jordan. Int J Clin Pharm. 2017;40(1):48-55.

von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC,
Vandenbroucke JP. Strengthening the reporting of observa-
tional studies in epidemiology (STROBE) statement: guidelines
for reporting observational studies. BMJ. 2007;335(7624):806-
808. doi:10.1016/j.jclinepi.2007.11.008

Dean B, Barber N, Schachter M. What is a prescribing error?.
Qual Heal Care. 2000;9(4):232-237.

Abdel-Qader DH, Harper L, Cantrill JA, Tully MP. Pharmacists’
interventions in prescribing errors at hospital discharge. Drug
Saf. 2010;33(11):1027-1044.

Abdelaziz H, Richardson S, Walsh K, Nodzon J, Schwartz B.
Evaluation of STAT medication ordering process in a commu-
nity hospital. Pharm Pract (Granada). 2016;14(2):647.

38.

39.

40.

41.

42.

43.

44.

Overhage JM, Lukes A. Practical, reliable, comprehensive
method for characterizing pharmacists’ clinical activities. Am J
Health Syst Pharm. 1999;56(23):2444-2450.

Mchugh ML. Interrater reliability: the kappa statistic. Biochem
Med (Zagreb). 2012;22(3):276-282.

Daoud J. Multicollinearity and regression analysis. J Phys Conf
Ser. 2017;949:120009.

Wahab A. Medication errors assessment and prevention
by a clinical pharmacist in pediatric wards of RMI Hospital
Peshawar, KPK-Pakistan. Ann Pak Inst Med Sci. 2015;11(3):
124-128.

Gruen RL, Jurkovich GJ, McIntyre LK, Foy HM, Maier RV.
Patterns of errors contributing to trauma mortality: lessons
learned from 2,594 deaths. Ann Surg. 2006;244(3):371-380.
Phillips DP, Bredder CC. Morbidity and mortality from medi-
cal errors: an increasingly serious public health problem. Annu
Rev Public Health. 2002;23(1):135-150. doi:10.1146/annurev.
publhealth.23.100201.133505

Bond CA, Raehl CL, Franke T. Medication errors in United
States hospitals. Pharmacother J Hum Pharmacol Drug Ther.
2001;21(9):1023-1036. doi:10.1592/phco.21.13.1023.34617



