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Background: Clinical pharmacists have a vital role during COVID-19 pandemic in mitigating medication
errors, particularly prescribing errors in hospitals. That is owing to the fact that prescribing errors during
the COVID-19 pandemic has increased.
Aim: This study aimed to evaluate the impact of the clinical pharmacist on the rate of prescribing errors
on COVID-19 patients in a governmental hospital.
Methods: The study was a pre-post study conducted from March 2020 till September 2020. It included
the pre-education phase P0; a retrospective phase where all the prescriptions for COVID-19 patients were
revised by the clinical pharmacy team and prescription errors were extracted. Followed by a one-month
period; the clinical pharmacy team prepared educational materials in the form of posters and flyers cov-
ering all prescribing errors detected to be delivered to physicians. Then, the post-education phase P1; all
prescriptions were monitored by the clinical pharmacy team to assess the rate and types of prescribing
errors and the data extracted was compared to that from pre-education phase.
Results: The number of prescribing errors in P0 phase was 1054 while it was only 148 in P1 Phase. The
clinical pharmacy team implemented education phase helped to significantly reduce the prescribing
errors from 14.7/1000 patient-days in the P0 phase to 2.56/1000 patient-days in the P1 phase (p-value
<0.001).
Conclusion: The clinical pharmacist significantly reduced the rate of prescribing errors in patients with
COVID-19 which emphasizes the great role of clinical pharmacists’ interventions in the optimization of
prescribing in these stressful conditions.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Background

Corona virus disease 19 (COVID-19) is a global pandemic
started in December 2019 in Wuhan City, China (Esakandari
et al., 2020). It is caused by severe acute respiratory syndrome
coronavirus 2 (SARS-COV-2) that can be transmitted from human
to human through direct contact with infected patients (Sun
et al., 2020). Around 50–70% of patients with positive swab are
asymptomatic while others can have symptoms like mild flu-like
symptoms and in 10% of the patients, symptoms are severe includ-
ing dyspnea, interstitial pneumonia, acute respiratory distress syn-
drome, and respiratory and multiorgan failure with estimated 5%
mortality rate (Pascarella et al., 2020). Up till now, there is no
definitive treatment for COVID-19 disease. Management is mainly
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based on supportive medications including antiviral agents, some
antibiotics, anti-inflammatory agents, vitamins and anticoagulant
prophylaxis agents (Jean et al., 2020).

Medication errors can be defined as ‘‘an unintended failure in
the drug treatment process that leads to, or has the potential to
lead to, harm to the patient’’ that can occur at any stage from pre-
scribing till administration (Goedecke et al., 2016). It is estimated
that medication errors can cause the death of 1 of 131 as well as
1 of 854 of outpatient and inpatient respectively (Wittich et al.,
2014). In a systematic review, it has been reported that a single
error can cost an average of €2.58 to €111727.08 (Walsh et al.,
2017). Prescribing error (PE) is a common type of medication errors
that can be attributed to poor knowledge, illegible handwriting,
inadequate training and documentation (Coleman, 2019). The rate
of PE has been reported to occur 8.8 times per 100 medication
orders. The most common PE types are incomplete information fol-
lowed by unnecessary drug and wrong dose (Lavan et al., 2016).
Many studies have shown that clinical pharmacist implemented
educational programs can significantly reduce PEs (Abuelsoud,
2019; Agrawal et al., 2009; Irajpour et al., 2019; Li et al., 2013;
Winder et al., 2015).

The importance of clinical pharmacists (CPs) can be shown in
efforts to minimize medication errors, particularly in the hospital
setting (Fernández-Llamazares et al., 2012; Kessemeier et al.,
2019; Khalili et al., 2011; Vessal, 2010). Moreover, CPs have a cru-
cial role in preventing PEs before reaching patients (Farmer et al.,
2018; Patanwala et al., 2012). There is substantial evidence to
demonstrate that pharmacists impact medication safety world-
wide (Dale et al., 2003; Kessemeier et al., 2019) Therefore, the
involvement of such highly trained clinical pharmacists could
improve patient care. Nevertheless, no studies have examined clin-
ical pharmacy contributions in detecting the presence of PEs dur-
ing the current COVID-19 pandemic.

Since the development of COVID-19, there has been a tremen-
dous amount of information about treatment and diagnostic
choices for COVID-19 patients based primarily on preliminary
experience on retrospective studies or small case studies
(Galluccio et al., 2020). Moreover, patients who are suffering from
COVID-9, usually receive complex list of medications based on
their clinical condition with treatment strategies including medi-
cations that are not commonly used in practice (Barlow et al.,
2020). With respect to the severity of clinical presentation and
level of organ damage, there is a huge diversity in patients with
COVID-19. In addition and during the pandemic, physicians are
burdened by time pressure, long working hours and emotional
stress (Galluccio et al., 2020; Morgantini et al., 2020). Moreover,
they face many other challenges including unpreparedness, high
adversity, fear of infections and fear about their families, high level
of anxiety and depression as a psychological consequence and poor
organizational support (Morgantini et al., 2020; Zerbini et al.,
2020). All these factors can increase the risk of medication errors.
All these circumstances increase the probability of prescribing
errors. Therefore, clinicians are required to maintain high state of
alertness during this pandemic (Heath et al., 2020). Hence, the
objective of the current study was to detect the rate of PEs as the
number/1000 patient-days for admitted patients with COVID-19.
Furthermore, this study aimed to evaluate the role of clinical phar-
macist implemented education on the rate of PEs.
2. Methods

2.1. Study design and setting

This study was a pre-post study conducted at a governmental
hospital in Egypt over 7 months from March 2020 to September
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2020. During this period, the hospital was only admitting COVID-
19 patients. The study was divided into 3 phases; retrospective
pre-education control phase (P0), educational phase and finally
prospective intervention active phase (P1).

2.1.1. The retrospective pre-education control phase (P0)
All prescriptions of the hospitalized and intensive care unit

(ICU) patients were collected by the clinical pharmacy team over
a period of 3 months. The prescriptions were revised based on
the patient’s information extracted from patient’s file. Prescribing
errors were extracted and were classified into wrong drugs, inap-
propriate dosing regimen, incomplete instructions, medication
with no indication (the patient is using a medication for a non-
medical cause), indication without medications, lack of monitoring
recommendation and others including drug duplication, illegible
handwriting and drug interactions. The rate of PEs was represented
as the number/1000 patient-days and the percentage of each cate-
gory was also calculated.

2.1.2. Clinical pharmacist implemented education
All PEs were collected, analyzed and educational materials

about these errors were prepared by the clinical pharmacy team.
Since educational meetings and gatherings were not allowed
because of the pandemic’s safety measures issued, educational
materials were delivered to the physician in the form of flyers, pos-
ters with all types of observed medication errors hanged in differ-
ent department and in prescribers’ rooms. In-site personal
education, and verbal communication through phone calls were
carried out. Moreover, online educational meetings for sharing
experiences, online weekly educational meeting with the partici-
pation of clinicians, and the distribution of clinical protocols and
guidelines. The education program covered 22 physicians includ-
ing 7 ICU physicians, 10 internal medicine physician and 5 emer-
gency room physicians.

2.1.3. The prospective post-education phase (P1)
Phase P1 was a 3-month prospective phase similar to the pre-

education phase. All prescriptions were monitored by the clinical
pharmacy team and PEs were collected, classified, and presented
in the same manners of the pre-education phase. Data from this
phase were compared to the retrospective phase to evaluate the
impact of the education of the rate of PEs. As part of the pharma-
cists’ daily responsibilities, they took turns participating in educa-
tional activities and implementing organized interventions to help
identify, solve, and prevent PEs. Physicians and pharmacists were
aware of each other and their advice was taken into consideration.
Every day, the team met to revise the care plan, which they ulti-
mately decided on (Bergkvist Christensen et al., 2011). The phar-
macist brought this up with the physicians at a meeting
throughout P1 to identify, prevent, and resolve PEs.

2.2. Statistical analysis

Numerical data were presented as median and ranges while
categorical were presented as frequency and percentages. Compar-
ison between the two rates was done assuming Poisson distribu-
tion. The test used was a Chi-square test based method. Other
comparisons were done using SPSS package version 22. The data
were tested for normality using Kolmogorov and Shapiro Wilk
tests and were found to be non-parametric. Comparisons between
the two phases with respect to numeric data were done using
Mann Whitney test while comparisons for categorical data were
done using Fischer Exact test. All p-values were two sided and p-
values < 0.05 were considered significant.

The rate of prescribing errors was represented as the num-
ber/1000 patient-days and the percentage of each category was



Table 1
Classification of prescribing errors in the two phases.

Type P0 phase
n = 1054

P1 phase
n = 148

p-
value

Inappropriate dosing regimen, n (%) 486
(46.1)

44
(29.7)

0.001

Indication without medication, n (%) 163 23
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also calculated according to the following equation (Laher et al.,
2021; Leape et al., 1999; Wilmer et al., 2010):

Rate of PEs

¼ total number of errors detected
total number of partients in the phase x duration of the phase ðdaysÞ
� 1000
(15.5) (15.5)
Medication with no indication, n (%) 273

(25.9)
48
(32.4)

Lack of monitoring recommendations, n
(%)

67 (6.4) 18
(12.2)

Incomplete instructions, n (%) 27 (2.6) 3 (2)
Wrong drugs, n (%) 29 (2.8) 11 (7.4)
Others, n (%) 9 (0.9) 1 (0.7)
3. Results

The study flowchart is presented in Fig. 1. From March 2020 to
September 2020, around 2097 prescriptions were revised for 1436
patients including 794 and 642 patients in the pre-education and
post-education phases respectively. Prescribing errors were
reported for 469 patients with median age of 62 (range: 19–88)
in P0 phase and 122 patients in P1 phase with median age of 60
(rang: 19–84). The ICU patients represented 18.3% (86 out of
469) in P0 phase compared to 15.6% (19 out of 122) in P1 phase
(p-value = 0.477).

3.1. Rate of prescribing errors

The number of PEs in P0 phase was 1054 while it was 148 in P1
phase. The clinical pharmacist implemented education signifi-
cantly reduced the PEs from 14.7/1000 patient-days in P0 phase
to 2.56/1000 patient-days in P1 phase (p-value <0.001).

3.2. Classification of prescribing errors

Classes of medications involved in PEs were antibiotics, anal-
gesics antipyretics, antiplatelet/anticoagulants, vitamins, steroids,
bronchodilators, anti-cytokine medications including tocilizumab
and hydroxychloroquine and others. Classification of types of PEs
errors in the two phases are summarized in Table 1. Using Fischer
Exact test, there was a significant difference between the two
phases regarding classification of PEs. The most common class
encountered in PEs was antibiotics contributing to 250 PEs in the
phase P0, 47.6% of them was related to medication without indica-
tions. In the P1 phase, antibiotics accounted for only 39 PEs, 43.5%
of them was medication without indication.

Data presented in Table 2 showed that the most frequent type
of PEs in the pre-education phase P0 was inappropriate dosing reg-
imen, with a frequency of 486 errors. Most of the inappropriate
dosing regimen in the P0 phase involved the use of vitamins
accounting for 141 errors that was reduced to only 2 errors in
Fig. 1. The study
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the post education P1 phase. The second most frequent class
involved in inappropriate dosing regimen was the antiplatelet/an-
ticoagulant medications accounting for 110 errors followed by
steroids (83 errors). These errors were reduced in the P1 phase to
16 and 6 for antiplatelet/anticoagulants and steroids respectively.
Regarding indications without medication, the most commonly
involved classes were anti-cytokine storm medications, vitamins
and antibiotics accounting for 39, 35 and 31 errors respectively
which all have been reduced after education into a frequency of
1, 1 and 6 errors respectively. Antibiotics and steroids represented
the most frequent medications without indication representing
119 and 38 errors respectively while antiplatelet/anticoagulant
medications represented the most frequent class involved in the
lack of monitoring recommendation type of errors, with a fre-
quency of 25 errors that was reduced to 6 errors after education.

4. Discussion

COVID-19 disease can appear in many different ways. It can
show up as mild upper respiratory infection, severe viral pneumo-
nia, and even death (Adhikari et al., 2020). COVID-19 affects mul-
tiple organs such as the lungs, kidneys, liver, heart, and brain
(Puelles et al., 2020). Thus, the drugs required to deal with a situ-
ation involve more than a single medication that treats symptoms,
and may be either oxygen therapy, anticoagulation (Bikdeli et al.,
2020) or antibiotics used to treat a secondary bacterial infection
(Li et al., 2020). Because COVID-19 medications can have adverse
drug reactions or drug–drug interactions, particularly with some
drugs being assessed in clinical trials, therapies using COVID-19
should be closely monitored (Hung et al., 2020).
flow chart.



Table 2
Different therapeutic classes encountered in prescribing errors in the two phases.

Class Type of error P0 phase P1 phase

Antibiotics Inappropriate dosing regimen, n (%) 55 (22) 8 (20.5)
Indication without medication, n (%) 31 (12.4) 6 (15.4)
Medication with no indication, n (%) 119 (47.6) 17 (43.6)
Lack of monitoring, n (%) 26 (10.4) 2 (5.1)
Insufficient instruction, n (%) 7 (2.8) 1 (2.6)
Wrong drugs, n (%) 10 (4) 4 (10.3)
Others, n (%) 2 (0.8) 1 (2.6)
Total 250 (100) 39 (100)

Analgesics antipyretics Inappropriate dosing regimen, n (%) 7 (18.4) 5 (45.5)
Indication without medication, n (%) 1 (2.6) 3 (27.3)
Medication with no indication, n (%) 28 (73.7) 2 (18.2)
Lack of monitoring, n (%) 0 (0) 1 (9.1)
Wrong drugs, n (%) 2 (5.3) 0 (0)
Total 38 (100) 11 (100)

Antiplatelet/ anticoagulants Inappropriate dosing regimen, n (%) 110 (59.1) 16 (43.2)
Indication without medication, n (%) 20 (10.8) 5 (13.5)
Medication with no indication, n (%) 20 (10.8) 4 (10.8)
Lack of monitoring, n (%) 25 (13.4) 6 (16.2)
Insufficient instruction, n (%) 3 (1.6) 2 (5.4)
Wrong drugs, n (%) 6 (3.2) 4 (10.8)
Others, n (%) 2 (1.1) 0 (0)
Total 186 (100) 37 (100)

Vitamins Inappropriate dosing regimen, n (%) 141 (74.2) 2 (14.3)
Indication without medication, n (%) 35 (18.4) 1 (7.1)
Medication with no indication, n (%) 3 (1.6) 11 (78.6)
Lack of monitoring, n (%) 1 (0.5) 0 (0)
Insufficient instruction, n (%) 6 (3.2) 0 (0)
Wrong drugs, n (%) 1 (0.5) 0 (0)
Others, n (%) 3 (1.6) 0 (0)
Total 190 (100) 14 (100)

Steroids Inappropriate dosing regimen, n (%) 83 (53.2) 8 (33.3)
Indication without medication, n (%) 18 (11.5) 3 (16.7)
Medication with no indication, n (%) 38 (24.4) 7 (38.9)
Lack of monitoring, n (%) 2 (1.3) 0 (0)
Insufficient instruction, n (%) 5 (3.2) 0 (0)
Wrong drugs, n (%) 8 (5.2) 2 (11.1)
Others, n (%) 2 (1.3) 0 (0)
Total 156 (100) 18 (100)

Respiratory medications Inappropriate dosing regimen, n (%) 9 (40.9) 2 (28.6)
Indication without medication, n (%) 4 (18.2) 3 (42.9)
Medication with no indication, n (%) 9 (40.9) 2 (28.6)
Total 22 (100) 7 (100)

Anti-cytokine storm medications Inappropriate dosing regimen, n (%) 69 (41.6) 0 (0)
Indication without medication, n (%) 39 (23.5) 1 (14.3)
Medication with no indication, n (%) 40 (24.1) 3 (42.9)
Lack of monitoring, n (%) 10 (6) 3 (42.9)
Insufficient instruction, n (%) 6 (3.6) 0 (0)
Wrong drugs, n (%) 2 (1.2) 0 (0)
Total 166 (100) 7 (100)

Others Inappropriate dosing regimen, n (%) 12 (26.1) 5 (33.3)
Indication without medication, n (%) 15 (32.6) 1 (6.7)
Medication with no indication, n (%) 16 (34.8) 2 (13.3)
Lack of monitoring, n (%) 3 (6.5) 6 (40%)
Wrong drugs, n (%) 0 (0) 1 (6.7)
Total 46 (100) 15 (100)

May Ahmed Shawki, Nagwa Ali Sabri, Dina Mohamed Ibrahim et al. Saudi Pharmaceutical Journal 30 (2022) 1101–1106
The participation of multidisciplinary teams is critical in the
management of COVID-19 patients. While the pharmacists’ role
in hospital pharmacies primarily consists of dispensing of medica-
tions, clinical pharmacists can help in taking evidence-based deci-
sions for medication, monitoring and evaluation of medication
efficacy and safety, as well as managing drug interactions (Song
et al., 2021). This study aimed to implement an educational pro-
gram conducted by the clinical pharmacy team as an intervention
to decrease the rate of PEs. In the early beginning of COVID-19 pan-
demic, clinical pharmacists were not highly involved in the patient
care process and their only focus was on drug supply and storage.
However, it was found that many drugs-related problems
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occurred, necessitating the involvement of clinical pharmacy team
interventions. It has been reported that clinical pharmacist imple-
mented great role during COVID-19 pandemic (Cheong, 2020).

The current study has shown that the education program signif-
icantly reduced the number of PEs from 1054 errors in the pre-
education phase to only 148 errors in the post-education phase.
The same was reported in pediatric emergency department where
resident education program greatly reduced PEs (Foster et al.,
2013). In accordance to the previously mentioned results, it has
been reported that physician education reduced PEs by 33% in an
educational hospital (Peeters and Pinto, 2009). Not only educa-
tional program reduced the number of errors, but it also decreased
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the adverse drug events in elderly patient as reported in the study
of Trivalle and his colleagues reflecting the important role of edu-
cation on patient’s outcome (Trivalle et al., 2010). On the contrary,
a study conducted in Nigeria reported that prescriber education
did not reduce the overall rate of PEs, but it significantly reduced
the one subtype which is incomplete instruction (Ajemigbitse
et al., 2016).

The most common class encountered in PEs was antibiotics
including azithromycin, cefepime and ceftriaxone. Secondary bac-
terial infection is a concern in COVID-19 patients leading to the
use of empiric antibiotics. However, it was found to be associated
with negative outcomes in increased drug resistance (Liu et al.,
2021). In the current study, educational program helped to
decrease the irrational prescribing of antibiotic and decreased the
error related to the wrong dosing regimen. A previous study has
reported that erroneous prescription of fluroquinolones was
decreased by 74% following physician education (Lacombe et al.,
2005), proving that education is a successful intervention to con-
trol the inappropriate use of antibiotic and decrease the incidence
of microbial resistance.

The most common encountered error was the inappropriate
dosing regimen including vitamins, steroids and antiplatelet/anti-
coagulant drugs. In a previous cross-sectional study in Nether-
lands, it was reported that anticoagulants represented 8.3% of the
errors, most of them occurred during the prescribing phase
(Dreijer et al., 2019). Improper use of anticoagulants can adversely
affect patients causing either bleeding or thromboembolic events
(Desai et al., 2013). Moreover, the use of steroids is associated with
increased adverse effects which is dependent on dose and duration
and excessive exposure can cause unnecessary harm to patients
(Stanbury and Graham, 1998). The current study has shown that
clinical pharmacists’ education helped to control all these errors
and consequently prevented patients’ harm. Despite it was not
evaluated in the current study, decreasing PEs can effectively
reduce the healthcare cost. It has been reported that prevention
of medication errors by clinical pharmacist led to cost savings of
more than 340,000 dollars in a nephrology unit (Chen et al.,
2017). All the previously mentioned evidence supports the great
role of clinical pharmacists during COVID pandemic. The present
study had a limitation as the medication review in phase P0 was
retrospective. This meant that at the time, evaluation was based
solely on what could be read.
5. Conclusion

It is concluded from the current study that changing clinical
practice might lead higher rate of medication errors and hence
continuing education to prescribers is recommended to reduce
medication errors and their negative consequences. The clinical
pharmacists have a great role in rationalizing drug prescribing dur-
ing COVID-19 pandemic.
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Fitzgerald, R.J., Likić, R., Maxwell, S.R., Meyboom, R.H., Minuz, P., Onder, G.,
Schachter, M., Velo, G., 2009. Medication errors: problems and
recommendations from a consensus meeting. Br. J. Clin. Pharmacol. 67 (6),
592–598.

Ajemigbitse, A.A., Omole, M.K., Erhun, W.O., 2016. Effect of providing feedback and
prescribing education on prescription writing: An intervention study. Ann Afr
Med. 15, 1–6. https://doi.org/10.4103/1596-3519.161722.

Barlow, A., Landolf, K.M., Barlow, B., Yeung, S.Y.A., Heavner, J.J., Claassen, C.W.,
Heavner, M.S., 2020. Review of Emerging Pharmacotherapy for the Treatment of
Coronavirus Disease 2019. Pharmacotherapy 40 (5), 416–437.

Bergkvist Christensen, A., Holmbjer, L., Midlöv, P., Höglund, P., Larsson, L.,
Bondesson, Å., Eriksson, T., 2011. The process of identifying, solving and
preventing drug related problems in the LIMM-study. Int. J. Clin. Pharm 33 (6),
1010–1018.

Bikdeli, B., Madhavan, M.V., Jimenez, D., Chuich, T., Dreyfus, I., Driggin, E.,
Nigoghossian, C.D., Ageno, W., Madjid, M., Guo, Y., Tang, L.V., Hu, Y.u., Giri, J.,
Cushman, M., Quéré, I., Dimakakos, E.P., Gibson, C.M., Lippi, G., Favaloro, E.J.,
Fareed, J., Caprini, J.A., Tafur, A.J., Burton, J.R., Francese, D.P., Wang, E.Y., Falanga,
A., McLintock, C., Hunt, B.J., Spyropoulos, A.C., Barnes, G.D., Eikelboom, J.W.,
Weinberg, I., Schulman, S., Carrier, M., Piazza, G., Beckman, J.A., Steg, P.G., Stone,
G.W., Rosenkranz, S., Goldhaber, S.Z., Parikh, S.A., Monreal, M., Krumholz, H.M.,
Konstantinides, S.V., Weitz, J.I., Lip, G.Y.H., 2020. COVID-19 and Thrombotic or
Thromboembolic Disease: Implications for Prevention, Antithrombotic Therapy,
and Follow-Up: JACC State-of-the-Art Review. J. Am. Coll. Cardiol. 75 (23),
2950–2973.

Chen, C.-C., Hsiao, F.-Y., Shen, L.-J., Wu, C.-C., 2017. The cost-saving effect and
prevention of medication errors by clinical pharmacist intervention in a
nephrology unit. Medicine (Baltimore) 96 (34), e7883.

Cheong, M.W.L., 2020. ’To be or not to be in the ward’: The Impact of Covid-19 on
the Role of Hospital-Based Clinical Pharmacists – A Qualitative Study. J. Am.
Coll. Clin. Pharm. https://doi.org/10.1002/jac5.1315.

Coleman, J.J., 2019. Prescribing in 2019: what are the safety concerns? Expert Opin.
Drug Saf. 18, 69–74. https://doi.org/10.1080/14740338.2019.1571038.

Dale, M.A., Copeland, R., Barton, R., 2003. Prescribing errors on medical wards and
the impact of clinical pharmacists. Int. J. Pharm. Pract. 11, 19–24. https://doi.
org/10.1211/002235702829.

Desai, R.J., Williams, C.E., Greene, S.B., Pierson, S., Hansen, R.A., 2013. Anticoagulant
medication errors in nursing homes: characteristics, causes, outcomes, and
association with patient harm. J. Healthc. Risk Manag. 33 (1), 33–43.

Dreijer, A.R., Diepstraten, J., Bukkems, V.E., Mol, P.G.M., Leebeek, F.W.G., Kruip, M.J.
H.A., van den Bemt, P.M.L.A., 2019. Anticoagulant medication errors in hospitals
and primary care: a cross-sectional study. Int. J. Qual. Health Care 31 (5), 346–
352.

Esakandari, H., Nabi-Afjadi, M., Fakkari-Afjadi, J., Farahmandian, N., Miresmaeili, S.-
M., Bahreini, E., 2020. A comprehensive review of COVID-19 characteristics.
Biol. Proced. Online 22 (1). https://doi.org/10.1186/s12575-020-00128-2.

Farmer, B.M., Hayes, B.D., Rao, R., Farrell, N., Nelson, L., 2018. The Role of Clinical
Pharmacists in the Emergency Department. J. Med. Toxicol.: Off. J. Am. College
Med. Toxicol. 14 (1), 114–116.

Fernández-Llamazares, C.M., Calleja-Hernandez, M.A., Manrique-Rodriguez, S.,
Pérez-Sanz, C., Duran-García, E., Sanjurjo-Saez, M., 2012. Impact of clinical
pharmacist interventions in reducing paediatric prescribing errors. Arch. Dis.
Child. 97 (6), 564–568.

Foster, M.E., Lighter, D.E., Godambe, A.V., Edgerson, B., Bradley, R., Godambe, S.,
2013. Effect of a resident physician educational program on pediatric
emergency department pharmacy interventions and medication errors. J.
Pediatr. Pharmacol. Ther. 18 (1), 53–62.

https://doi.org/10.1007/s11845-018-1860-8
https://doi.org/10.1186/s40249-020-00646-x
https://doi.org/10.1186/s40249-020-00646-x
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0015
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0015
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0015
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0015
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0015
https://doi.org/10.4103/1596-3519.161722
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0025
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0025
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0025
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0030
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0030
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0030
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0030
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0035
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0035
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0035
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0035
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0035
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0035
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0035
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0035
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0035
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0035
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0035
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0040
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0040
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0040
https://doi.org/10.1002/jac5.1315
https://doi.org/10.1080/14740338.2019.1571038
https://doi.org/10.1211/002235702829
https://doi.org/10.1211/002235702829
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0060
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0060
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0060
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0065
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0065
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0065
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0065
https://doi.org/10.1186/s12575-020-00128-2
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0075
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0075
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0075
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0080
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0080
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0080
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0080
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0085
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0085
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0085
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0085


May Ahmed Shawki, Nagwa Ali Sabri, Dina Mohamed Ibrahim et al. Saudi Pharmaceutical Journal 30 (2022) 1101–1106
Galluccio, F., Ergonenc, T., Garcia Martos, A., Allam, A.-S., Pérez-Herrero, M., Aguilar,
R., Emmi, G., Spinicci, M., Terrancle Juan, I., Fajardo-Pérez, M., 2020. Treatment
algorithm for COVID-19: a multidisciplinary point of view. Clin. Rheumatol. 39
(7), 2077–2084.

Goedecke, T., Ord, K., Newbould, V., Brosch, S., Arlett, P., 2016. Medication Errors:
New EU Good Practice Guide on Risk Minimisation and Error Prevention. Drug
Saf. 39 (6), 491–500.

Heath, C., Sommerfield, A., von Ungern-Sternberg, B.S., 2020. Resilience strategies to
manage psychological distress among healthcare workers during the COVID-19
pandemic: a narrative review. Anaesthesia 75, 1364–1371. https://doi.org/
10.1111/anae.15180.

Hung, I.-F.-N. et al., 2020. Triple combination of interferon beta-1b, lopinavir–
ritonavir, and ribavirin in the treatment of patients admitted to hospital with
COVID-19: an open-label, randomised, phase 2 trial. The Lancet 395, 1695–
1704. https://doi.org/10.1016/S0140-6736(20)31042-4.

Irajpour, A. et al., 2019. Effect of interprofessional education of medication safety
program on the medication error of physicians and nurses in the intensive care
units. J. Educ. Health Promot. 8, 196. https://doi.org/10.4103/jehp.jehp_200_19.

Jean, S.S., Lee, P.I., Hsueh, P.R., 2020. Treatment options for COVID-19: The reality
and challenges. J. Microbiol. Immunol. Infect. 53, 436–443. https://doi.org/
10.1016/j.jmii.2020.03.034.

Kessemeier, N., Meyn, D., Hoeckel, M., Reitze, J., Culmsee, C., Tryba, M., 2019. A new
approach on assessing clinical pharmacists’ impact on prescribing errors in a
surgical intensive care unit. Int. J. Clin. Pharm. 41 (5), 1184–1192.

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

Lacombe, K., Cariou, S., Tilleul, P., Offenstadt, G., Meynard, J.L., 2005. Optimizing
fluoroquinolone utilization in a public hospital: a prospective study of
educational intervention. Eur. J. Clin. Microbiol. Infect. Dis. 24 (1), 6–11.

Laher, A.E. et al., 2021. Medication Errors at a Tertiary Hospital Intensive Care Unit.
Cureus 13 (12), e20374. https://doi.org/10.7759/cureus.20374.

Lavan, A.H., Gallagher, P.F., O’Mahony, D., 2016. Methods to reduce prescribing
errors in elderly patients with multimorbidity. Clin. Interv. Aging 11, 857–866.
https://doi.org/10.2147/cia.s80280.

Leape, L.L. et al., 1999. Pharmacist Participation on Physician Rounds and Adverse
Drug Events in the Intensive Care Unit. JAMA 282 (3), 267.

Li, L., Li, R., Wu, Z., Yang, X., Zhao, M., Liu, J., Chen, D., 2020. Therapeutic strategies
for critically ill patients with COVID-19. Ann. Intensive Care 10 (1). https://doi.
org/10.1186/s13613-020-00661-z.

Li, W., Zhu, L.L., Zhou, Q., 2013. Safe medication use based on knowledge of
information about contraindications concerning cross allergy and
comprehensive clinical intervention. Ther. Clin. Risk Manag. 9, 65–72. https://
doi.org/10.2147/tcrm.s42013.

Liu, C., Wen, Y., Wan, W., Lei, J., Jiang, X., 2021. Clinical characteristics and
antibiotics treatment in suspected bacterial infection patients with COVID-19.
Int. Immunopharmacol. 90, 107157.
1106
Morgantini, L.A. et al., 2020. Factors contributing to healthcare professional burnout
during the COVID-19 pandemic: A rapid turnaround global survey. medRxiv.
https://doi.org/10.1101/2020.05.17.20101915.

Pascarella, G., Strumia, A., Piliego, C., Bruno, F., Del Buono, R., Costa, F., Scarlata, S.,
Agrò, F.E., 2020. COVID-19 diagnosis and management: a comprehensive
review. J. Intern. Med. 288 (2), 192–206.

Patanwala, A.E., Sanders, A.B., Thomas, M.C., Acquisto, N.M., Weant, K.A., Baker, S.N.,
Merritt, E.M., Erstad, B.L., 2012. A prospective, multicenter study of pharmacist
activities resulting in medication error interception in the emergency
department. Ann. Emerg. Med. 59 (5), 369–373.

Peeters, M.J., Pinto, S.L., 2009. Assessing the impact of an educational program on
decreasing prescribing errors at a university hospital. J. Hosp. Med. 4, 97–101.
https://doi.org/10.1002/jhm.387.

Puelles, V.G., et al., 2020. Multiorgan and Renal Tropism of SARS-CoV-2. 383, 590–
592. https://doi.org/10.1056/NEJMc2011400.

Song, Z., Hu, Y., Zheng, S., Yang, L., Zhao, R., 2021. Hospital pharmacists’
pharmaceutical care for hospitalized patients with COVID-19:
Recommendations and guidance from clinical experience. Res. Social
Administ. Pharm.: RSAP. 17 (1), 2027–2031.

Stanbury, R.M., Graham, E.M., 1998. Systemic corticosteroid therapy–side effects
and their management. Br. J. Ophthalmol. 82, 704–708. https://doi.org/10.1136/
bjo.82.6.704.

Sun, P., Lu, X., Xu, C., Sun, W., Pan, B.o., 2020. Understanding of COVID-19 based on
current evidence. J. Med. Virol. 92 (6), 548–551.

Trivalle, C., Cartier, T., Verny, C., Mathieu, A.-M., Davrinche, P., Agostini, H.,
Becquemont, L., Demolis, P., 2010. Identifying and preventing adverse drug
events in elderly hospitalised patients: a randomised trial of a program to
reduce adverse drug effects. J. Nutr. Health Aging 14 (1), 57–61.

Vessal, G., 2010. Detection of prescription errors by a unit-based clinical pharmacist
in a nephrology ward. Pharm. World Sci. 32, 59–65. https://doi.org/10.1007/
s11096-009-9341-9.

Walsh, E.K., Hansen, C.R., Sahm, L.J., Kearney, P.M., Doherty, E., Bradley, C.P., 2017.
Economic impact of medication error: a systematic review.
Pharmacoepidemiol. Drug Saf. 26 (5), 481–497. https://doi.org/10.1002/
pds.4188.

Wilmer, A., Louie, K., Dodek, P., Wong, H., Ayas, N., 2010. Incidence of medication
errors and adverse drug events in the ICU: a systematic review. Qual. Saf. Health
Care 19 (5), e7. https://doi.org/10.1136/qshc.2008.030783.

Winder, M.B. et al., 2015. Pharmacist-led educational and error notification
interventions on prescribing errors in family medicine clinic. J. Am. Pharm.
Assoc. 55, 238–245. https://doi.org/10.1331/JAPhA.2015.14130.

Wittich, C.M., Burkle, C.M., Lanier, W.L., 2014. Medication errors: an overview for
clinicians. Mayo Clin. Proc. 89, 1116–1125. https://doi.org/10.1016/
j.mayocp.2014.05.007.

Zerbini, G. et al., 2020. Psychosocial burden of healthcare professionals in times of
COVID-19 - a survey conducted at the University Hospital Augsburg. Ger. Med
Sci. 18. https://doi.org/10.3205/000281.

http://refhub.elsevier.com/S1319-0164(22)00154-2/h0090
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0090
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0090
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0090
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0095
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0095
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0095
https://doi.org/10.1111/anae.15180
https://doi.org/10.1111/anae.15180
https://doi.org/10.1016/S0140-6736(20)31042-4
https://doi.org/10.4103/jehp.jehp_200_19
https://doi.org/10.1016/j.jmii.2020.03.034
https://doi.org/10.1016/j.jmii.2020.03.034
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0120
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0120
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0120
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0125
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0125
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0125
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0130
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0130
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0130
https://doi.org/10.7759/cureus.20374
https://doi.org/10.2147/cia.s80280
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0145
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0145
https://doi.org/10.1186/s13613-020-00661-z
https://doi.org/10.1186/s13613-020-00661-z
https://doi.org/10.2147/tcrm.s42013
https://doi.org/10.2147/tcrm.s42013
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0160
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0160
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0160
https://doi.org/10.1101/2020.05.17.20101915
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0170
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0170
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0170
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0175
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0175
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0175
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0175
https://doi.org/10.1002/jhm.387
https://doi.org/10.1056/NEJMc2011400
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0190
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0190
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0190
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0190
https://doi.org/10.1136/bjo.82.6.704
https://doi.org/10.1136/bjo.82.6.704
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0200
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0200
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0205
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0205
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0205
http://refhub.elsevier.com/S1319-0164(22)00154-2/h0205
https://doi.org/10.1007/s11096-009-9341-9
https://doi.org/10.1007/s11096-009-9341-9
https://doi.org/10.1002/pds.4188
https://doi.org/10.1002/pds.4188
https://doi.org/10.1136/qshc.2008.030783
https://doi.org/10.1331/JAPhA.2015.14130
https://doi.org/10.1016/j.mayocp.2014.05.007
https://doi.org/10.1016/j.mayocp.2014.05.007
https://doi.org/10.3205/000281

	The impact of clinical pharmacist implemented education on the incidence of prescribing errors in COVID-19 patients
	1 Background
	2 Methods
	2.1 Study design and setting
	2.1.1 The retrospective pre-education control phase (P0)
	2.1.2 Clinical pharmacist implemented education
	2.1.3 The prospective post-education phase (P1)

	2.2 Statistical analysis

	3 Results
	3.1 Rate of prescribing errors
	3.2 Classification of prescribing errors

	4 Discussion
	5 Conclusion
	Ethical statement
	Funding
	Declaration of Competing Interest
	Acknowledgement
	References


