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Abstract 

Introduction  Medication errors occur at any point of the medication management process and are a major cause 
of death and harm globally. The perioperative environment introduces challenges in identifying medication errors 
due to the frequent use of time-sensitive, high-alert medications in a dynamic and intricate setting. Pharmacists could 
potentially reduce the occurrence of these errors because of their training and expertise.

Aim  To provide the most up-to-date evidence on the roles and effects of pharmacist interventions on medication 
errors in perioperative settings.

Methods  PubMed, CINAHL, and Embase were searched from inception to September 2023. Studies were included 
if they tested a pharmacist-led intervention aimed at reducing medication errors in adult perioperative settings. The 
included studies were assessed for quality using the Crowe Critical Appraisal Tool. Data were extracted and synthe-
sized using the DEPICT-2 (Descriptive Elements of Pharmacist Intervention Characterization Tool). Screening, quality 
assessment, and data extraction were performed by two independent researchers.

Results  Sixteen studies were eligible. All included studies incorporated multicomponent interventions, primarily 
medication reconciliation (n = 13), medicine-related recommendations (n = 12), staff education (n = 6), and patient 
counselling (n = 4). The development of implemented interventions was poorly reported across all papers. A diverse 
range of error reporting was observed, and none of the included studies provided definitions or basis for the categori-
zation of errors. Although the studies showed that pharmacist interventions were associated with a reduction in over-
all medication errors rates, some studies showed inconsistent findings regarding error subtypes. The most common 
pharmacist intervention was medication optimization via holding or switching between agents.

Conclusion  While there is some evidence of positive impact of the pharmacist-led interventions on medication 
errors in perioperative setting, this evidence is generally of low quality and insufficient volume. Heterogeneity in study 
design, definitions, and case detection is common; hence, high-quality research that applies more stringent controls 
and uses clearer definitions is warranted.
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Key points 

• There is some evidence for the outcomes of pharmacists’ intervention in perioperative settings, but this is generally 
of low quality and insufficient volume.

• Complex and multicomponent pharmacist interventions that span the whole perioperative journey are more likely 
to yield positive effects.

• There is lack of data on the development of the pharmacist-led interventions in terms of structure and processes, 
which might hinder the reproducibility of these interventions.

Introduction
Medication errors are common events occurring 
throughout the spectrum of the medication utilization 
process [1]. According to the National Coordinating 
Council for Medication Error Reporting and Preven-
tion (NCCMERP) in the USA, a medication error is 
“any preventable event that may cause or lead to inap-
propriate medication use or patient harm while the 
medication is in the control of the health care profes-
sional, patient, or consumer” [2]. Medication errors are 
one of the leading causes of harm to patients in hospi-
tals. They have the potential to cause adverse outcomes 
such as temporary harm, permanent harm, prolonged 
hospitalization, and potential fatalities [3]. Annually in 
the USA, medication errors contribute to 7000 to 9000 
fatalities and adversely impact hundreds of thousands 
of patients, resulting in unreported complications [4]. 
The economic burden of caring for individuals affected 
by these errors surpasses US $40 billion, affecting 
over 7 million patients [4]. Beyond the financial costs, 
patients endure psychological and physical distress due 
to medication errors. Moreover, these errors lead to 
diminished patient satisfaction and a declining trust in 
the healthcare system [5, 6].

Medication errors are prevalent both within and out-
side the perioperative context, presenting considerable 
difficulty in their detection within this specific setting 
[7]. The perioperative environment introduces a note-
worthy challenge in identifying medication errors due to 
the frequent use of time-sensitive, high-alert medications 
in a dynamic, intricate, and stressful setting [8, 9]. Addi-
tionally, at various stages of the medication utilization 
process in the surgical setting, surgeons assume responsi-
bility for tasks such as medication selection, preparation, 
administration, documentation, and, when required, sub-
sequent monitoring. This process can occasionally bypass 
the involvement of pharmacists and other safety check-
points that typically serve to minimize errors in settings 
such as medical facilities [10]. Several methods have been 
suggested to help reduce errors in perioperative settings 
such as the adoption of pre-filled syringes and pre-mixed 
infusions by pharmacy services, the implementation of 

barcode-assisted medication administration, the incor-
poration of audiovisual feedback systems, and the imple-
mentation of ward-based pharmacist [10–12].

The role of the pharmacist is in a constant state of 
expansion; pharmacists play a variety of roles aimed at 
improving patient care and creating a safe healthcare 
environment. The roles of a clinical pharmacist include 
providing patient review, patient counselling, medica-
tion reconciliation, and clinical decision-making [13, 14]. 
Clinical pharmacists provide a distinctive viewpoint on 
the interdisciplinary dynamics of perioperative teams and 
have a collaborative role within the surgical teams. They 
also have the capacity to methodically review patients’ 
medications and analyze their utilization throughout all 
phases of perioperative care [11, 15]. The role of clini-
cal pharmacists in surgical units is relatively novel com-
pared to other practice domains, such as medical wards. 
Although some systematic reviews and meta-analyses 
have demonstrated the positive impact of clinical phar-
macist interventions in surgical settings—improving 
outcomes like chronic condition management, antimi-
crobial use, surgical site infection rates, length of stay, 
and readmission rates [16–18]—the influence of clinical 
pharmacy services on medication errors in perioperative 
settings remains inadequately evaluated [19].

This systematic review aims to provide the most up-
to-date evidence on the roles and effect of pharmacist 
interventions on medication errors in perioperative set-
tings. The review will help policymakers and clinicians 
to design effective pharmacist interventions to mitigate 
medication errors to improve overall healthcare out-
comes in perioperative settings.

Methods
A systematic review was carried out in accordance with 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guideline (Supplemen-
tary material S1) [20]. The review protocol was registered 
with PROSPERO (CRD4202346081).
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Types of studies and eligibility criteria
Studies were included if they met the following criteria: 
(1) randomized controlled trials (RCTs), quasi-experi-
mental, pre-post, prospective, and retrospective cohort, 
(2) evaluated a clinical pharmacist-led intervention, (3) 
conducted in perioperative settings, (4) had a control or 
comparison group (with healthcare professionals other 
than pharmacists), (5) reported the rate (or number) of 
overall medication errors or any of its subtypes, and (6) 
published in a peer-reviewed journal in English or Arabic 
language and available in full text. Case reports, expert 
opinions, systematic reviews, letters to editors, commen-
taries, correspondences, news articles, and qualitative 
studies were excluded from this review, as were confer-
ence abstracts if they were not available in full text. We 
also excluded studies focusing on pediatric patients.

For the purpose of this study, we adopted the NCC-
MERP definition of medication errors [2]. We also 
captured the definitions of medication errors used by 
individual studies.

Search strategy
A systematic literature search was performed on the fol-
lowing databases from index inception until September 
2023: PubMed, Embase, and CINAHL. A search strat-
egy was devised following discussion within the research 
team to yield relevant studies. The search strategy was 
kept deliberately broad to capture all outcomes of phar-
macist-led interventions, which are medication errors, 
clinically important outcomes, antimicrobial steward-
ship, and management of chronic diseases. This review 
focuses merely on medication errors, and other outcomes 
are discussed elsewhere [16–18]. Keywords and medical 
subject headings used in the search comprised two cat-
egories: pharmacy, with keywords ‘Pharmacist [MeSH], 
‘pharmacy’, ‘medication therapy management’, ‘phar-
maceutical care’, and ‘medication counselling’ and peri-
operative, with keywords ‘perioperative period [MeSH]’, 
‘perioperative care [MeSH]’, ‘surgery’, and ‘procedure. 
Keywords in each category were searched using the oper-
ator OR and then combined between categories using the 
operator AND. We used Google Scholar as an additional 
citation tracking resource to search for any further stud-
ies not identified from the systematic search. A manual 
search of eligible articles’ reference lists was conducted to 
include relevant articles that were not identified through 
the database search. The full search strategies for each 
database are included in Supplementary material S2.

Study selection
Rayyan (Qatar Computing Research Institute), an online 
platform, was used for duplicate removal, independent 
screening of articles at the title and abstract stage, and 

subsequently at the full text stage [21]. Two authors (L. 
N., S. K.) reviewed titles and abstracts independently. Full 
texts of papers were subsequently examined indepen-
dently by two authors (L. N. and S. K. or B. A. and M. A.) 
to determine if studies were eligible for inclusion in the 
review. Any uncertainty or disagreement about articles 
meeting the inclusion criteria was resolved after discus-
sion among all authors to reach consensus.

Data extraction
A bespoke data extraction tool was developed based 
on the DEPICT-2 (Descriptive Elements of Pharmacist 
Intervention Characterization Tool) [22]. DEPICT-2 is a 
validated instrument for accurately describing and char-
acterizing the details of pharmacist interventions. The 
tool consists of 93 items, subsumed into 11 domains: 
contact with recipient, setting, target population, clinical 
data sources, variables assessed, pharmacist intervention, 
timing of intervention, material that support interven-
tion, repetition, communication with recipient, and 
changes in therapy and laboratory tests [22]. The final 
data extraction sheet included the following components:

•	 General information: Author(s), year, country, study 
design, objectives, population, sample size, study 
duration, and surgical unit(s)

•	 Description of intervention: Recipients, focus of 
intervention, setting, method of communication, 
clinical data source, pharmacist action, timing and 
frequency of action, and materials that support 
action

•	 Key findings: The rate (or number) of medication 
errors or any of its subtypes before and after the 
intervention, types of errors, number of interven-
tions, severity of errors, implicated medications, and 
acceptance rate.

The data extraction tool was piloted and agreed upon 
by the team prior to its use. An independent, duplicate 
data extraction of each study was undertaken (L. N., S. 
K., M. A., or B. A.).

Risk‑of‑bias assessment
The study team independently worked in pairs (L. N., 
S. K., M. A., B. A.) to assess the quality of selected arti-
cles using the validated Crowe Critical Appraisal Tool 
(CCAT) version 1.4 [23]. CCAT contains 8 categories 
applicable to all study designs, with the highest possible 
score being 40. The tool facilitates the recording of scores 
for each category so that the final score is not influenced 
by an overall opinion about the study [24]. The quality of 
studies was categorized as follows: high quality (36 and 
above), moderate quality [25–30], and low quality (29 
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and below). This was based on a consensus reached by 
the reviewers to group studies by quartiles, which was 
a similar approach adopted by Donnelly et  al. and El-
Awaisi et al. [31, 32]. The author of the CCAT tool was 
also contacted to ensure that this method of interpreta-
tion was valid.

Data analysis
Data synthesis was conducted qualitatively by grouping 
results into meaningful clusters. The DEPICT-2 tool was 
used to categorize the data for the description of phar-
macist interventions, while meaningful clusters for the 
outcomes of these interventions were identified by rec-
ognizing common recurring events. Descriptive statistics 
including frequency and percentages were used to ana-
lyze the data.

Although meta-analysis was planned, it was deemed 
inappropriate due to the high levels of clinical and meth-
odological heterogeneity. Heterogeneity was found in 
measures and definitions used for presenting the results 
(such as the denominator and numerator), as well as the 
surgical department of interest, demographic data, and 
components of the interventions.

Results
Identification and study selection
A total of 6816 records were identified from elec-
tronic databases and 8 records from the reference lists 
of retrieved articles. After removal of duplicates, 4945 
records remained for title and abstract screening, result-
ing in the inclusion of 16 studies in the final analysis. It is 
worth noting that the most common reasons for exclu-
sion were ineligible comparator and ineligible outcome 
(Fig. 1).

Characteristics of included studies
The characteristics of included studies are presented in 
Table  1. Most studies were randomized interventional 
studies (n = 6) [25–27, 33–35], followed by before-and-
after studies (n = 5) [28–30, 36, 37] and observational 
studies (n = 5) [38–42]. The studies were conducted in 
diverse parts of the world, including Asian countries [30, 
33, 37, 39, 42], European countries [25, 26, 28, 29, 38], 
Americas [35, 36, 40, 41], and Australia [27, 34]. The pub-
lication dates spanned from 2007 all the way to 2023 with 
a total of 6325 included patients. Furthermore, surgical 
services varied among the studies comprising gastroin-
testinal/hepatobiliary surgical wards (n = 3) [30, 37, 38], 
bariatrics (n = 3) [36, 40, 41], orthopedic (n = 2) [28, 29], 
transplant (n = 1) [42], and other surgical wards (n = 6) 

Fig. 1  Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram
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[25–27, 33, 35, 39, 42], and only one study did not report 
the specific setting [34]. The duration of the studies was 
inconsistent, and in some studies, it was not reported, 
with a minimum duration of 1.5 months and a maximum 
duration of 24 months.

Risk‑of‑bias assessment
Total scores ranged between 25 and 38, with a mean 
score of 32.4. Twelve studies were adjudicated to have 
moderate overall quality on the CCAT assessment tool 
[25, 28–30, 33–38, 40, 42], whereas two studies each were 
of high quality [26, 39] and low quality [27, 41]. Signifi-
cant weaknesses affecting the quality of included studies 
pertained to the study designs, sampling methods, and 
data collection practices (Fig. 2).

Characteristics of pharmacist interventions
Table 2 and Fig. 3 detail the characteristics of the phar-
macist-led interventions across the included studies. All 
included studies incorporated multicomponent interven-
tions. The most frequently identified intervention was 
history taking and medication reconciliation [25–29, 33–
36, 38, 40–42], followed by 12 studies that clearly identi-
fied therapeutic change recommendations or suggestions 
[25, 26, 28, 30, 34, 35, 37–42]. Education and counselling 
interventions directed toward patients were described by 
four records [26, 36, 40, 42], while six records focused on 
educational activities provided to other healthcare pro-
fessionals [30, 33, 37, 39, 41, 42].

Outcomes related to the impact of pharmacist 
interventions on overall medication errors
Significant heterogeneity was noted in medication errors 
reporting across studies. While some studies reported 
proportions of overall medications errors across differ-
ent levels of care, others focused on errors occurring at 
specific times in the perioperative journey (such as inpa-
tient or at discharge). Additionally, some studies focused 
on specific classes of medication or types of errors (e.g., 
medication discrepancies) (Table 3, Fig. 4).

Medication errors throughout the perioperative period
The overall medication errors throughout the periop-
erative period were reported by three studies. Nguyen 
et  al. [41] reported that the proportion of patients with 
at least one error was 96% and 9% in control and inter-
vention groups respectively (P < 0.001). Fitzpatrick et  al. 
[28] reported that pharmacist interventions led to at least 
one prescribing difference in 38.8% of the patients. Simi-
larly, Léguillon et al. [29] demonstrated a statistically sig-
nificant reduction (P < 0.001) in the number of potentially 
inappropriate prescriptions (PIPs) and potentially inap-
propriate medications (PIMs).

Medication errors prior to admission
Only one study reported medication errors prior to 
admission. Nguyen et  al. [27] involved perioperative 

Fig. 2  Risk-of-bias graph
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pharmacy services (the PREP pharmacist group) that 
contacted patients via telephone approximately 1 week 
prior to scheduled surgery. Findings revealed that PREP 
group achieved an overall reduction in errors from 5.25 
to 0.21 per patient (P < 0.001).

Medication errors during hospitalization
Admission reconciliations and inpatient charting were 
also investigated by Nguyen et al. [27], who also reported 
a decrease in errors from 1.32 to 0.76 per patient during 
hospitalization.

Chen et al. [39] and Zhang et al. [37] reported on the 
inpatient use of proton pump inhibitors (PPIs). The irra-
tional and inappropriate prescription of PPIs signifi-
cantly decreased after the involvement of a pharmacist 
intervention (P < 0.001). Furthermore, medication dis-
crepancies postoperatively were assessed by Kwan et  al. 
[35] demonstrating a 19.9% reduction in medication 
discrepancies between home medications and postop-
erative medications when pharmacists collected histo-
ries and participated in the patient care (OR: 0.38; 95% 
CI: 0.24–0.59; P < 0.001). Lastly, SUREPILL Study Group 
[26] reported a nonsignificant reduction in the incidence 
of preventable drug-related problem (DRPs) per 100 
admissions.

Medication errors on discharge
Three studies reported medication errors in the dis-
charge prescription. A France-based before-and-after 
study showed a decrease in the proportion of patients 
with one or more PIPs at hospital discharge from 95 to 
29% (P < 0.001). It also showed that none of the patients 
in the intervention group had three or more PIPs at hos-
pital discharge, compared to 61% in the control group 
(P < 0.001) [29]. AbuRuz et al. investigated DRPs at hos-
pital discharge and found a mean reduced difference of 
2.63 (P < 0.0001) [33]. Additionally, a study that included 
patients at high risk for medication disadvantages 
reported a substantial decline in medication errors on 
discharge, from 78 to 25% (P < 0.001) [27].

Outcomes related to the impact of pharmacist 
interventions on types of medication errors
A diverse error reporting has been observed across the 
included studies. Additionally, none of the included stud-
ies provided definitions or basis for the categorization 
of errors. Consequently, types of errors were classified 
in two broad categories of either errors of omission or 
commission.

Omission errors
Errors resulting from failure to follow correct procedures 
or from not taking the appropriate actions have been 

Fig. 3  Summary of pharmacist interventions characteristics according to DEPICT 2 tool
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categorized as omission errors. A total of eight articles 
reported on omission errors or pharmacist interventions 
aimed at addressing these errors, employing various out-
come definitions. The included studies showed inconsist-
ent findings in which pharmacist interventions showed 
favorable findings in some but not all of the investigated 
endpoints. It is pivotal to note that most of the studies 
were not statistically powered to draw a robust conclu-
sion, as these errors were investigated as a secondary 
outcome. For instance, Nguyen et  al. [27] reported on 
omission errors across all levels of care, demonstrating a 
decrease in errors with the pharmacist intervention com-
pared to usual care: preadmission (2.84 vs 0.21), inpatient 
(1.12 vs 0.66), and discharge (1.38 vs 0.92). Conversely, 
AbuRuz et  al. [33] showed a decrease in the incidence 
of errors in comparison with standard medical care for 
untreated condition (10.8% vs 8.1%) and recommenda-
tion for a more effective drug (6.9% vs 6.1%); however, the 
incidence was increased for efficacy-related issues (16.6% 
vs 21.3%), need for additional therapy (7.2% vs 10.3%), 
and low dose (1.5% vs 4.0%).

Meanwhile, some studies reported statistical signifi-
cance rather than numerical incidence. For example, 
Falconer et  al. [40] reported a statistically significant 
reduction of omission errors after implementing the 
pharmacist-led intervention compared to the pre-inter-
vention period (3.7 ± 1.2 vs 4.2 ± 1.8; P = 0.003); however, 
no significant difference was observed in addressing dis-
crepancies among the final medication lists (28.5% vs 
20.0%; P = 0.59). Two RCTs reported significant improve-
ments in missed doses during inpatient stays (3.21 vs 3.30 
vs 1.07, P < 0.001) and in the unintended omissions of 
medications (31.5% vs 1.2%, P < 0.001), respectively, com-
pared to the control arm [25, 34]. Finally, Kwan et al. [35] 
reported reductions in drug omissions with pharmacist 
medication assessments in a surgical preadmission clinic 
compared to the standardized care arm (46.5% vs 36.7%) 
and delays in restarting drug therapy (15.0% vs 3.2%).

Commission errors
Errors resulting from doing something wrong were 
extensively reported in the included studies, with a total 
of 12 studies focusing on commission errors. These stud-
ies exhibited considerable variation in their definitions, 
methods of reporting, and data categorization. Nguyen 
et  al. [27] presented finding on multiple commission 
errors at preadmission, inpatient, and discharge. Find-
ings showed reductions in nearly all investigated error 
subtypes across different levels of care compared to 
usual care, including lack of clear instructions, incor-
rect medication lists, incorrect strengths, frequencies, 
and dosages. However, exceptions were noted, including 
an increase in incorrect frequency during the inpatient 

period (from 0.02 error/patient in control to 0.04 error/
patient in intervention), incorrect instruction during 
the inpatient period (from 0 error/patient in control to 
0.02 error/patient in intervention), and incorrect dosing 
at discharge (from 0.11 error/patient in control to 0.17 
error/patient in intervention). It is important to note that 
statistical significance was not reported for any of these 
endpoints [27].

Other studies demonstrating statistically significant 
reductions in commission errors with pharmacist inter-
vention compared to usual care include Marotti et  al. 
[25], Hale et  al. [34], and Luo et  al. [30]. These studies 
reported significant improvements (P < 0.001) in errors 
related to the drug [30, 34], dose [25, 30, 34], frequency 
[25, 34], duration [30], and route [30]. In contrast, Kwan 
et  al. [35] reported conflicting findings, showing reduc-
tions between groups in the incidence of incorrect dose, 
incorrect frequency, and no indication, yet no effects 
were observed for drug interactions, inappropriate route, 
and therapeutic duplication.

Some studies reported findings related to particu-
lar classes of medication. For instance, Falconer et  al. 
[40] reported increase in the number of stopped medi-
cations including antihypertensives (44.7% vs 85.4%; 
P < 0.001) and antidiabetics (65.9% vs. 66.7%; P = 0.43) 
after conducting medication optimization interventions 
by the pharmacist. Fitzpatrick et al. [28] claims improper 
venous thromboembolism prophylaxis, with 15% of 
nonsteroidal anti-inflammatory drugs (NSAID) pre-
scriptions despite caution, contraindication or existing 
NSAID prescriptions, and a 6.3% QT-prolonging medi-
cation prescribed despite a borderline or prolonged QTc 
on preoperative ECG. Both Chen et  al. [39] and Zhang 
et al. [37] explored errors related to PPI use. The former 
showed that the proportion of unindicated PPI use, utili-
zation rate, average defined daily dose (DDD), drug costs, 
and PPI costs were significantly lower in the intervention 
group than in the control group (P < 0.05) [39]. Similarly, 
the latter reported that the rates of inappropriate PPI use 
before and after the intervention were 48.9 and 22.7 per 
100 patient-days, respectively [37]. Both studies showed 
that most errors were related to therapy appropriate-
ness, indication, dosage, routes, frequency, and duration, 
although exact numbers were not provided.

Van Prooyen et  al. [36] investigated proper dosage 
formulation via pharmacist consultation after bariatric 
surgery compared to a historical control group: extended-
release medication (28.7% vs 9.4%; P = 0.0005), capsules 
that could not be opened (28.7% vs 22.4%; P = 0.27), non-
crushable tablets (4.2% vs 1.2%; P = 0.27), and enteric- or 
film-coated tablets (1.2% vs 3.5%; P = 0.34). Moreover, 
medications that were recommended to be discontin-
ued (e.g., NSAIDs, loop diuretics) were prescribed less 
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frequently in the intervention group, yet the difference 
was not statistically significant.

Description of pharmacist interventions
Yang et  al. [42] included 630 pharmacist interventions, 
and the accepted interventions included changes in 
drug treatment regimens (n = 396), dose adjustments 
(n = 61), discontinuation of a drug (n = 121), and order 
entry errors (n = 34). Han et  al. [41] showed that phar-
macists made a median of 13 interventions per patient 
during clinic consultation, including instruction changes 
(n = 58), hold medications (n = 53), change medications 
(n = 45), discontinue medications (n = 41), dose changes 
and tapering (n = 10), monitoring (n = 7), and other 
interventions (n = 8). Similarly, Bansal et al. [38] showed 
that 234 (55.7%) of the interventions were periopera-
tive drug management, while 186 (44.3%) were medicine 
optimization.

Severity of medication errors and acceptance rate
There is a considerable lack of reporting in relation to the 
severity of errors and acceptance rate (Table  3). Incon-
sistency in reporting has also been noted across the stud-
ies. The acceptance rate, for example, was reported by 

only 29% of articles, and it ranged widely from 77% [40] 
to 97.1% [42].

Only two studies reported on the severity of errors 
with a notable lack of standardized reporting system for 
medication errors severity. The first study reported the 
probability of the error to cause harm or discomfort, and 
the errors were categorized as probable, possible, and 
unlikely [35]. The second study showed that most errors 
were of moderate severity [27]. The lack of reporting and 
substantial heterogeneity challenged the ability to com-
pare results.

Discussion
Statement of principal findings
All included studies incorporated multicomponent inter-
ventions primarily focused on medication reconciliation, 
medicine-related recommendations, education delivered 
to other healthcare professionals, and patient counsel-
ling. Reporting of intervention development processes 
was unclear and lacking. Large inconsistencies have been 
observed across studies in error identification methods, 
definitions, and categorization of identified errors. This 
variation prevented a thorough and structured investiga-
tion into the impact of pharmacists on the sub-catego-
ries of errors; hence, we classified them into two broad 

Fig. 4  Bar charts depicting the proportion of errors in intervention and control arms
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categories of omission and commission errors. Phar-
macist interventions in the surgical setting were associ-
ated with a reduction in the overall medication error 
rate before admission, during hospitalization, and upon 
discharge. Similarly, pharmacist interventions generally 
tended to reduce the prevalence of the sub-categories 
of medication errors, though there are some inconsist-
encies. Medicine optimization during the perioperative 
period was the main areas of intervention for pharma-
cists in this review.

Context of these findings
Our findings showed that pharmacist interventions could 
potentially reduce the occurrence of overall medication 
errors in perioperative settings. This is consistent with 
previous research that investigated the impact of phar-
macists on medication errors across a wide range of set-
tings [43–46]. For example, a meta-analysis that focused 
on emergency departments reported that pharmacist 
activities significantly reduced medication errors by a 
mean of 0.33 per patient (95% CI − 0.42 to − 0.23) and the 
proportion of patients with at least one error by 73% (RR 
0.27, 95% CI 0.19 to 0.40, I2 = 85.3%) [45].

Nonetheless, findings from our review revealed incon-
sistencies in relation to the impact of pharmacist inter-
ventions on the subcategories of medication errors. This 
was particularly evident in studies that explored commis-
sion errors. It is noteworthy that some of the included 
studies only investigated the subcategories of errors with-
out reporting on the overall incidence; hence, the impact 
of the pharmacist on the overall error occurrence was not 
assessed. Additionally, high inconsistency has been noted 
in the number of error subcategories (e.g., wrong drug 
or wrong dose) used across studies, and there appears to 
be no standard approach for the categorization of these 
errors. It is likely that the variation in the number and 
type of error subcategories included may influence the 
overall reported medication error rate (e.g., a greater 
number of errors subcategories is likely to result in a 
greater incidence of overall medication error) [47].

While dosage adjustments remain the predominant 
trigger for pharmacist interventions in various settings 
[44, 48–50], findings from the current review highlight 
that most interventions within the surgical context were 
medication optimization. This could be attributed to the 
need for adjusting some of the patients’ chronic medica-
tions around the time of the surgery to improve safety in 
surgery. Perioperative medication management contin-
ues to grow as pressing health concern, particularly with 
the progressively aging and sick population. Recent sta-
tistics show that over half of the general surgical patients 
take medications unrelated to surgery [51]. Therefore, 
a unique role for pharmacists emerges in this specific 

setting as they can provide evidence-based recommen-
dations regarding when to continue, when to withhold, 
and when to restart home medications. Additionally, the 
pharmacist could also advise on alternative medications 
to control the chronic conditions throughout the spec-
trum of surgical care. The American Society of Health-
System Pharmacists (ASHP), in their 2019 guidelines on 
perioperative pharmacy services, emphasized the need 
for a pharmacist to review orders and provide pharma-
cotherapeutic recommendations during the preoperative 
and post-anesthesia periods [12].

Identification and classification of medication errors
The included studies greatly varied in their error detec-
tion methods, definitions, and categorization of these 
errors. The majority of studies lacked reporting of medi-
cation errors using established classification systems. 
These systems could include classifications of severity, 
such as the NCCMERP classification system, or classi-
fication based on the medication management process 
(prescribing, transcribing, dispensing, administering, and 
monitoring) [52]. Research studying pharmacist inter-
vention needs to collect and report data on medication 
errors in a more specific manner, which will enhance our 
ability to understand the role of pharmacist, as their role 
is likely to vary within the different steps of the drug uti-
lization process [52, 53]. Once the pharmacist’s role is 
better understood, interventions could be better planned 
and studied based on these findings.

Characteristics of pharmacist intervention
All studies encompassed services within the realm of 
clinical pharmacy practice, such as admission reconcili-
ation, medication review, communication with prescrib-
ers for medication optimization, monitoring, and patient 
education. All the referenced studies employed a com-
prehensive approach to clinical pharmacy services as the 
pharmacist intervention, except for one article. Only two 
of the included studies introduced a novel, structured 
intervention services [35, 38]. Multifaceted pharmacist 
interventions enable proactive engagement at differ-
ent care stages. Existing research has substantiated that 
transitions of care, such as discharge or transfer, rank 
among the primary contributors to avoidable medica-
tion errors [54], and the number of transitions within 
the perioperative setting far outweighs that of other care 
domains. Patients experience many transitions of care 
and shifts of locations and healthcare providers within 
a short period [55]; therefore, pharmacist interventions 
must be dynamic and diverse to effectively address these 
complexities.

Many of the included articles employed pharmacist 
interventions with limited contact frequencies, usually 



Page 30 of 33Naseralallah et al. Systematic Reviews           (2025) 14:12 

limited to one or two contact points within the process. 
This limitation of contact could considerably under-
estimate the pharmacist’s role as many errors will be 
missed, and no intervention will be undertaken in an 
attempt to reduce them. In this review, only six of the 
included articles [27, 28, 34, 35, 38, 41] reported phar-
macist interventions in the preadmission period; this 
is important to note because in the setting of surgery, 
mainly elective surgery, there is a dire need for pre-
admission medication adjustment [56]. George et  al. 
revealed that pharmacist involvement in preadmission 
care resulted in an increased number of interventions 
compared to restricting the pharmacist services to the 
admission period [57].

Increasing efforts have been made to include pharma-
cists in the preadmission, admission, and discharge pro-
cesses. However, there is a growing body of evidence that 
shows a great portion of medication errors occurs within 
the operation itself; in an observational study on 227 
operations, in which 3671 medication administrations 
were observed, 193 (5.3%; 95% CI, 4.5 to 6.0) included a 
medication error, of which 79.3% were preventable, 64.7% 
were serious, and 2% were life-threatening [7]. Neverthe-
less, in the context of this review, no articles documented 
interventions examining the involvement of pharmacists 
in intraoperative settings, representing a substantial gap 
given that this phase constitutes a pivotal part of the sur-
gical process. Intraoperative settings lack several check-
points for medication validation and error prevention 
that are typically present in ward settings. The inherent 
nature of the intraoperative environment results in a con-
sistent bypass of validated systems known for their effi-
cacy in reducing medication errors [58, 59].

Educational services were prevalent interventions 
within this review, but there was a noticeable inclination 
toward directing educational efforts more toward health-
care providers than patients. This is, however, under-
standable, as significant medication errors could occur 
within the prescribing and administration processes [60]. 
A meta-analysis conducted by Jaam et  al. reported that 
pharmacist-led educational endeavors targeted and deliv-
ered to healthcare providers result in a significant reduc-
tion in medication errors (OR 0.38, 95% CI 0.22 to 0.65) 
(P = 0.0004).

Only two studies in this review examined the utili-
zation of pharmacy prescribing services, specifically 
independent pharmacist prescribers (IPPs) [27, 34]. A 
comprehensive cross-sectional study demonstrated that 
IPPs exhibited an error rate of 0.7% (95% CI 0.0 to 1.0%) 
in contrast to physicians, who displayed a substantially 
higher error rate of 9.8% (95% CI 9.0 to 11.0%) [61].

Furthermore, an observation within the reviewed stud-
ies was the lack of reporting on the pharmacist-to-patient 

ratio. The deficiency in pharmacist staffing is particu-
larly evident in surgical settings, where pharmacists are 
often responsible for a higher patient load than their 
counterparts in medical or intensive care unit (ICU) set-
tings. This understaffing could potentially underestimate 
the positive role of pharmacy intervention. The issue of 
understaffing remains prevalent in various countries, 
emphasizing the urgency of addressing and rectifying 
this concern within the realm of pharmacy practice [15].

Development of pharmacist intervention
A considerable number of the encompassed stud-
ies adopted a pragmatic methodology in implement-
ing pharmacist interventions, with the majority relying 
on international, national, or institutional guidelines as 
the basis for their interventions. Notably, there is a sig-
nificant shortfall in the execution and documentation 
of the development and adaptation processes employed 
for pharmacist interventions within the prevailing set-
tings. This deficiency extends to elucidating the rationale 
behind selecting each element comprising the interven-
tion and the scientific expectations regarding its impact 
on outcomes [62]. Enhancing comprehension in these 
aspects could contribute to heightened participant 
engagement in the studies and augment the generaliza-
bility and reproducibility of the research findings [63, 64]. 
The omission of reporting the theoretical foundations of 
the interventions included constrains our ability to pro-
vide a comprehensive analysis of their impact. Conse-
quently, the effectiveness of theory-driven interventions 
in this domain remains uncertain. While the theory may 
not necessarily result in a favorable impact on outcomes 
supporting the intervention, it aids in pinpointing, from a 
vast array, the intervention components that could prove 
effective, which would further support the development 
of further interventions in future research [65].

Strengths and limitations
To our best understanding, this systematic review rep-
resents the first attempt to evaluate the influence of 
pharmacist intervention on medication errors in the peri-
operative setting. The study protocol was preregistered 
on PROSPERO [66]. Data extraction was performed 
by a team of four researchers utilizing the DEPICT-2 
tool, ensuring a consistent and unbiased approach [22]. 
Adhering to PRISMA guidelines, the systematic review’s 
reporting was meticulously executed.

Several limitations are associated with the current 
review. Firstly, the search was restricted to English and 
Arabic, potentially excluding relevant literature in other 
languages. Secondly, we acknowledge the heterogene-
ity of results, considering the diverse range of pharma-
cist interventions and outcomes under investigation. 
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Thirdly, a notable limitation is the small sample size in 
many studies, suggesting insufficient statistical power 
to demonstrate the impact of pharmacist intervention. 
Fourth, the short follow-up periods in most studies, often 
limited to the admission period, pose a challenge. Prior 
research indicates that up to half of discharged patients 
experience medication errors when followed after dis-
charge, particularly since, in many cases, patients do not 
have contact with healthcare providers during that time-
frame [67]. Fifth, the generalizability of our findings is 
constrained due to the predominant inclusion of studies 
from the USA and China.

Future directions
The review findings suggest that pharmacist-led inter-
ventions exhibit promise in reducing medication errors 
within perioperative settings. However, a research gap 
exists in developing and implementing interventions tai-
lored to this setting, considering its unique characteris-
tics. Researchers are urged to explore medication errors 
to identify specific gaps and areas conducive to phar-
macist intervention. The study underscores the absence 
of theory-driven interventions in perioperative settings, 
advocating for robust randomized studies using theoreti-
cal frameworks. Future research is encouraged to provide 
detailed descriptions of interventions, encompassing 
structures, processes, and outcomes, to ensure repro-
ducibility, with the endorsement of the DEPICT-2 tool 
for this purpose. Additionally, there is a call for further 
investigation into the impact of pharmacist prescrib-
ing in clinical pharmacy practice due to its promising 
advantages, such as expedited access to medications and 
reduced physician workload.

Conclusion
While there is some evidence of a positive impact of the 
pharmacist-led interventions on medication errors in 
perioperative settings, this evidence is generally of low 
quality and insufficient volume. Heterogeneity in study 
design, definitions, and case detection is common; hence, 
high-quality research that applies more stringent controls 
and uses clearer definitions is warranted.
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