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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
of low quality and insufficient volume.

to yield positive effects.

- There is some evidence for the outcomes of pharmacists’intervention in perioperative settings, but this is generally
- Complex and multicomponent pharmacist interventions that span the whole perioperative journey are more likely

- 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
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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.
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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)
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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].

Page 8 of 33

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

Quality Assesment
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40%

50% 60% 70% 80% 90% 100%
3 m4 m5
I
50% 60% 70% 80% 90% 100%

Moderate ™ High



Page 9 of 33

(2025) 14:12

Naseralallah et al. Systematic Reviews

(sno

suweay Aleuyd
-IDSIPIINW Ul SI0M
A|2A3RIOgR|[0D m
purLINd20
suoed||duwod aAl
-esadoisod Aue jo
ERIEIeIRIVIETN]
SZJWiuiwW 0} uon
-ezjwndo saup
-Ipaw uo buiaq
SN0} AU Ylm
plem ay1 uo bul
-J0}lUOW 350D
‘aseyd anness
-doysod ayi U m
Bune s|

1uaned ayy uon
-eIpaw ysti-ybiy
Aue yym buoje
paplodal ale
SaNIPIGIOWOD
[edIpaW bunsixe

-NUIIUOD) UOIS apISpag -a1d syuaned
-S|upe ay1 Ino |eydson Agalaym d1ulpd
-ybnouyy pue uols 90p) 0} 908} 1spewleyd jeny
SHN 21 Aq uols -SIUIPRISOd m  UOISSIWPRISO] m -1IA B Ul PaM3IASI
114|001 SIUDAS -Slupe 210j§2q  awoy uaididal auoyds|ay 2le Ssjused m
SUON skem|y Y3 SWI}3UQ  UOISSIWPeald m uolssiupesld m 3UO UO 3UQ Sjuslled v/N SIDIAIDS SONST  [8€] e 12 |esueg
Bujj|asunod uoned
-Ipaw ableydsig m
Sdyd 1uan
-31d 10 9A|0S31 0}
Ajiep wuaned jo
(snonupuod) dn-mojjo4 m
ab1eydsip uo (s3uaned pue spunoi
‘uolssiupe Jeis [edipaw) |eDIpaw buunp
saullPpIinb 1uaped buj apIspaq dnoib yum Buissnasip pue [e€]
SUON 31ep-01-dn Y3 -INp 10 uQ [ePHdSOH m 90ej 0} 0P| m 10R1U0D Sjualled v/N Buipuany m ‘1819 ZNYNQqy
UOIUAAIRUI (A>uanbauy)
s|el91ew 1o} apinb 1doeU0D uone’uNWWod 1deU0d uonuUIAIUI uonuUIAIUI
buipioddng a4nos 4nos eyeq foewieyd sbumas JO spoyIdN Jo apo sjuaiday 9Y1Jo sndo4 1spewleyd  (4eak) Joyiny

suonuaAiaul Ispewleyd Jo uondudsag g ajqeL



Page 10 of 33

(2025) 14:12

day Peigai-ldd JO
BULIOUUON m
yiuows AIana
SPJ0J3J [BDIPAW
pa323yd pue
sbnup bunoyuow
[BIIUSSSI ||B
Bunsiuz m
>oeqpo94
sapiaoid pue sio}
-D0p Ym pa1ed
-JlUNWWod pue
sipne uon
-duosaid Aleq m
ENal

|dd [euoneur jo
uondsdisu m

suolep
ISTSENTal[=) -USWwodal uoi
-Jpay uelfng jo -eJpaW pue adue
|eudsoH -puUS1Ie SPUNOY m
pajel|uy puo (snonunuoo) (weay [e21buns) pels
-23G 3y JO sauj| uolssiupe dnoib yum 1oe3 |BDIP3W 03 S|dd JO
-3pIND) MDY 1uaned buj apispaq usnM  -uod ‘quaned) Jels [ed 35N [eUONRI UO
SUON Sidd YL e -Inp Jo uQ |PUdSOH m '90e} 0} 964 m 3UO UOBUQ  -IpaW ‘syualied Idd 2in3jApsuenD e [6€] 119 USYD
uonUAAIUI (A>uanbauy)
s|euajew 10} apinb 1oe3U0d uonedIUNWWOod 1oe3U0D uonuUaAISIUI uoIUdAISIUL
buipioddng adinog 4nos eyeq f>ewieyd sbunas JO SpoyIdN Jo 9po sjyuaidpay 9Y1 Jo sndo4 1speweyd  (4eak) soyiny

Naseralallah et al. Systematic Reviews

(panunuod) g ajqey



Page 11 of 33

(2025) 14:12

Naseralallah et al. Systematic Reviews

saseq

-e1ep WoJj uon
-ewJojul bnip
‘uojuido 1adxa

(snonunuod)
abieydsip uo

(s3usned pue

wea} A12bins yum
suopepuaw
-Wodal JO Uon
-eDJUNWWOd pue
UOI1PIUSWINIOP
pazIpiepuelS m
uon;yNSU0d
Juanedul aoey-01
928} Wlopad 0}
1spewleyd |ed
-|ul|> PaubISSY m
(sabueyd pasod
-oid Buipiebal
uonesnps Juaed
apinoid pue
‘Pa1edIpUl SB
suonedIPaW 1oy
sabueyd puawl
-W0oD3l ‘UoIssiuIpe
|exdsoy 4oy
suonedpawl
jusnedul pue
aWoy Jo uoneln
-uodal ‘Adeweyd
paliayaid

juaned jo uoney
-UaWIND0P ‘Uoiie}
-uawindop AIoisly
uoledIpaul)
Aoewueyd 01
uofrYNSUOD) m

|euoIN1ASUl ‘uolss|upe 4Je1S [eDIpaW) weay
‘M3IAS1 2JN1eID 1uaned bul opIspaq dnoib yam K1abuns Aq uoned ov]
SUON -] Arewilld INE! -Inp 1o uQ |eUdsOH m 90pj 01 90E m 15e1U0D sjuaned V/N  -4luspliusnedm |33 J2Uod|e
uonuUdAINUI (A>uanbauy)
s|elayew 10j 9pInb 1oeU0d uoneduNWWod 1oe3U0D uonuUAAIUI UolUAAIRUI
buipioddng a4nog 924nos eyeq A>ewieyd sbunas JO SpoyIdN Jo 9po sjyuaidpay 9Y1 Jo sndo4 1speweyd  (4eak) soyiny

(panunuod) g ajqey



Page 12 of 33

(2025) 14:12

Naseralallah et al. Systematic Reviews

uedisAyd jo
2IN1eUDIS-0 Y1M
suonedpaw
Buneniul pue
saullepIinb ‘Buinuiuodsip
sixejAydold 1A ‘Buinujuod)
|exdsoy pue (O1ul> Juaned Buiquosaid 01
saullPpInb ueyd (92U0)  -Ino pue IpIS suepisAyd pue uopippe u a/ed
SUON [ea1uID uonedpaly  dAlessdo-ald  -paq) |eudsoH 908§ 0} 904 3UO U0 3uQ siuaned v/N Aoewueyd jensnm  [p€] R 19 9jeH
uojssiuipe
Juaiied a1049q
spJem 0y payd
-dns pue ‘pasuad
-SIp ‘pajlews
‘uanlim uonduds
-a1d abieyds|p
pazijlenpiAlpu| m
SaNss|
|edIpaw aAlesad
-o1ad anjosal o
4611y61y 01 wieay
[e2161NS 3Y3 Yum
uoIssSNISI m
sainpadoud pue Bupyew-uolsPap
1UBWISSISSe paJeys ul juaped
S1 LA 10} SA|OAU pUB
2ouepinb ‘suonsanb
pleoq yieay sjualed Jamsue
‘wea) |aN ‘so1ydesbowap
[e2164NS Yam (921Mm1) '103S1Y WJYuod 01
UoI1eIOCR|[0d Ul abieydsip 1sod (weay [es1buns) suonedIpaw syuaned yum
paonpoid puUBROdS Ul SAep O|—/ 'UOIS dnoib yum 1oey puibuojoid 31D |[eD dUoyd m
sulPpINbd  19selep (ISIYY)  -SIUUpe 21042q awoy  uanum ‘suoyds  -uod ‘(1usijed) 'SAVISN ‘SIxe S310U DO [87]
SUON Paseg-2ousping "(NdA) SHN SHOOM 7| 1UIdID9Y m -[91 ‘928 0} 06 m 3UO U0 3uUQ sjuaned -Aydoid 3|\ -D9|9JO MaINSY m |19 3DledZyl
uonUAAIUI (A>uanbauy)
s|elarew 10j9pInb 1oeU0d uoneduNWWod 1oe3U0D uonUAAIUI UuolUAAIUI
buipioddng adinog 4nos eyeq f>ewieyd sbunas JO SpoyIdN Jo 9po sjyuaidpay 9Y1 Jo sndo4 1speweyd  (4eak) soyiny

(panunuod) g ajqey



Page 13 of 33

(2025) 14:12

Naseralallah et al. Systematic Reviews

(9du0 Ajuo) uols

1uaized ay1 01
uoneJNPa Uoied
-|paW PapPIACId m

(K12b1ns

Duieleq Jaye

uondiosge uon

-ed|paw “b3)

dyq [enuaiod

Aue paAjOSOY m

Juswabeuew

uonedIpPaW AN

-esjadonad uo

uleal ayl pue
suaiied oy suon

-epUaWILWLIOD3I

papiaoid pue

S1I03ISIY UOIeD
-IpaW paulelgO m
uoabiIns ay1 yum
punasw 01

Joud 1sppew
-reyd sy yum buy
-}99W UjW-09 0}
-0€ 2WNRUO Y m
(uonenjens

iUl aAesado

-au4d sjusned

AI9A3 JO 1ied se)

o A19buns
d3eLeq ay1 ol

uonelbaul isidew

SUON 4N YN -Slwpe aioeg  (duld) [eudsoH 9op} 0} 98 3UO0 UO 3UQ sjuaned v/N  -leydeouipye  [Lt] e 12 ueH
uonuUdAINUI (A>uanbauy)
s|euajew 10} apinb 1oe3U0D uolnedIUNWWOod 1oe)U0D uonuUaAISIUI uoIUdAISIUL
buipioddng a4nog 924nos eyeq A>ewieyd sbunas JO SpoyIdN Jo 9po sjyuaidpay 9Y1 Jo sndo4 1speweyd  (4eak) soyiny

(panunuod) g ajqey



Page 14 of 33

(2025) 14:12

Naseralallah et al. Systematic Reviews

JUWISSISSEe
DIUI 243 90UIS
apewl uaaq pey
sabueyo uon
-e2Ipaw Aue J|
Juaned ay) yum
paylIaA ‘Uols
-SIuIpe 9AleID
-doisod Jo)y m
IUID 343 Ul 335 0}
3)geun aiam Ady
syuaned yum
smalnI1ul duoyd
-39} P21ONPUOC) m
uoabins ay1 Aq
paJ3pISUOD

3q 0} p10d3l
[EDIPAW Y3 UL
US1LM SEM

anss| Aue Jo
uondidss m
IUI UoIsSIW
-peaid ay3 ul uswi
-1631 uonesIpaw
WOy 1ua1nd
sauaied ay1 uo
Bulsno0) Jusw

-SS3s55€ pUP

uep MIIAIDIUI A101SIY

-1sAyd Ajiwey Jo uoledIpaw

Adewueyd JlUIP aYd dAIsURYaIdwod

AUNWIWOD  (DDIM] JO 3DUO) puamne jou pazipiepuels e

p210e1U0D 3|qissod Ji pip 1uaiied Ji SR aY3 P312NPUO) m

YT ‘Wioy 1sioewleyd ay3 ‘uolssiupe (suoydajn puame jou (3DVddS) uon

19pJO UopedIpaw papaau Ji aAnesdo  AQ) awoy ua pIp 1ualied Ji -eNn|eA3 Jul|D UoIs

aAnesadoisod ‘Bupyer K101 -150d pue uols  -1didas ‘(O1uld) auoydajey 1o -Slwipeald Ul 1sid
pajulidaid pa10dal 10N -Slyjuaned  -Siwpe a1ojag |eydsoH 90p} 0} 98 3UO U0 3uUQ sjuaned V/N  -Bwieyd [ed1bing  [GE] ‘|e 39 uemy

uonUAAIUI (A>uanbauy)

s|elarew 10j9pInb 1oeU0d uoneduNWWod 1oe3U0D uonUAAIUI UuolUAAIUI

buipioddng adinog 4nos eyeq f>ewieyd sbunas JO SpoyIdN Jo 9po sjyuaidpay 9Y1 Jo sndo4 1speweyd  (4eak) soyiny

(panunuod) g ajqey



Page 15 of 33

(2025) 14:12

Naseralallah et al. Systematic Reviews

SUON

SUON

|0201
-oud [eudsoH

oul|

-9pInb youal
‘Xapu] ssau
-21e11doidde
uonedIpsy
1HV1S/ddOLS

< IAE!

SIAE!

(papasu

Se) Uolss|upe
Juaned bul
-Inp 10 uQ

(snonunuod)
uolssiupe
1uaned bul
-Inp 1o uQ

|eydsoH

apispaq
|exdsoH

©08) 0] 90k

©08) 0] 90k

9lozeldosue|

3UO U0 3UQ suepIsAyd ‘aj0zesdawQ

(uepLIe
-119b usped)
3UO U0 3UQ

ueple
-6 ‘syuaned V/N

99M KI9A
uonesiujwpe
|eudsoy ay1 o1
10doy m

Aue Ji
UONEPUSILIODSI
11343 yum 1aquos
-a1d ay3 yum
A|21e1paWW
$91LDIUNWIWOD) m
elI9)1I0 3y} Uo
Buipuadap 1usw
-9oe|dal pue
‘uoneUIqUIOD
‘sixejAydoud jo
uopeinp ‘asop
'uo123|9s ‘uon
-edIpul U0 3sn
1uessaiddns pioe
onoejAydoud jo
ssauaieldoidde
2bpnr =

SIH pue

dW3 o4yl woy
juaned ayy 1noge
uolewIojUl
199|100 m

SUIea) [PDIPaW 10}
dns inoge
synopuey pue
SUOISSS [BUOIIRD
-NP3 3PINCId m

sueLIeLRb Yum
sbunaswi
pa1esipaQ .
(sjesodoud yum
ueld [eonasew
-leyd pazuew
-wins) SISOYIUAS
|EDIINSORWIRY] m
(uoissiupe jo y
T4 UIYIMm) malnal
SUONEDIPSIA m

[0€] 1212 0N

[67]
213 Uo||Inb3]

s|elalew
bunioddng

uonuaAIRNUI
10j 9pInb
924nos

924nos eyeg

(A>uanbauy)
1oe3U0D
A>ewieyd

sbunas

uoniediunwwod
Jo spoyiaiy

1oeIUO0D
Jo spoy

UOIJUBAIBIUI

syuaididay 9Y3 jo sndo4

UOIJUBAIBIUL
Ispewseyd

(1eak) Joyiny

(panunuod) g ajqey



Page 16 of 33

(2025) 14:12

Naseralallah et al. Systematic Reviews

(CEVIVEEIITY;
1speweyd
[ea164ns ay1 Aq
obieyd

-SIp 210J2q pue
‘uolssiupe uo

SpIspaq
|endsoy 1oe1

10100p Y1 Aq
paubis pue
pay2ayd

Uayl stysiym
‘syuaned sy Joy
suondudsaid
abieydsip
pasedaid 1speW
-teyd d34d ay1
9b1eYDSIP 1Y m
1sioeweyd ay1 Aq
pa1eIauab si 4y N
PaUWIYUOD) m
HINIE 943 Ajl1aA
pjnom 1sioeudieyd
[eo1bins oy | m
218D Jo
UOI}eNUIIUOD 104
1sPewseyd

d3dd =yl woy
J2A0pURY B UM
papiroid sem s
-ewueyd [eaibins e
‘K196INS 191y m
suonespaul
3|1DUOd3I pue
HWWdg uleiqo o1
Kisbuns 01 Joud

wioy sipewleyd  -uod piyy pue soisabjeue pue s9am | auoyds

Janopuey YN d34d 941 Ag puodaS m ‘suonedIpaw -|91 eIA Ssyudiied
'UIIO} UOIIB||IDUO uolssiupe  awoy uaidipal 1e|NdseACIpled p310LIUOD 151D a
-3l UONeDIPaN UN UN 210/9g  1DPIUOD ISI{ m auoydsa| QU0 UO auUQ syuaned  ‘snpoid D10 -eweyd d3yd m ‘|e 19 UDANDN

aquosaid pue K101

1uenbeodnue -SIy uonedipaw

‘s19@1e|d)aUR  JUSWINDOP JO A10}
10201 (90u0) XeJ ‘suneis -SIy uonedipaw 4]
SUON -0id |eydson YW3  oApelsdo-ald jeudsoy  ‘auoyds|a1 ‘YN 3UO0 UO 3UQ syusined  'siayd0|qg-e1eg USWN20Q m ‘e 19 moley

uonUAAIUI (A>uanbauy)

s|euajew 10} apinb 1oe3U0d uonedIUNWWOod 1oe3U0D uonuUaAISIUI uoIUdAISIUL

buipioddng adinog 4nos eyeq f>ewieyd sbunas JO SpoyIdN Jo 9po sjyuaidpay 9Y1 Jo sndo4 1speweyd  (4eak) soyiny

(panunuod) g ajqey



Page 17 of 33

(2025) 14:12

Naseralallah et al. Systematic Reviews

(snonunuod)
abieydsip uo

suoned
-Ipaw ay3 Inoge
Bul||esunod
AVENEN

suon

-edIpaw abIeydsip
BUIMBINSY m
(91q1ssod

usym) sbunaaw
1uaned ApRap m
uepIsAyd sy yum
uosel| Yim
SUORUSAIIUI
Bulwiopsd m
papaau Uaym
suonedpawl
Buiziwndo pue
}ieyd uonedipaw
BUIMBINSY m
alleuuonsanb
plepueis e buisn
Juaned ay) yum

‘uolss|upe UOIB}NSUOD) m
0001 bBupyel Aioisiy 1uaned bul suepIsAyd pue uonel|puodal [oz] dnoin
SUON -oud jeydsoH  1usned g YN -Inp 1o uQ |eUdsOH m 9op} 0} 98 3UO U0 3UQ sjuaned /N uonedipaN m - Apnis T11d34NS
uonuUdAINUI (A>uanbauy)
s|elayew 10j 9pInb 1oeU0d uoneduNWWod 1oe3U0D uonuUAAIUI UolUAAIRUI
buipioddng a4nog 924nos eyeq A>ewieyd sbunas JO SpoyIdN Jo 9po sjyuaidpay 9Y1 Jo sndo4 1speweyd  (4eak) soyiny

(panunuod) g ajqey



Page 18 of 33

(2025) 14:12

Naseralallah et al. Systematic Reviews

ue|d uonedipaw
obieydsIp ay3
pujuizno uon
-ednpa Judlied m
210U 1INS

-uod e uj ued uon
-edIpaw abieyYdSIp

papusWUWOo
-3 3Y3 Jo uon
RSUENblelgh™
jo>0304d
pauysp e uo
paseq ueld uop
-ed|paw abieyd

ENMEleRE] -SIp ejouoneal) m

swiea) ay1 pue sabueyd uon

'saseqeiep -ed|paw [ed16Ins

uofewIojul -350d pspasu 1oy

Bnup ‘malnai 151] UoIEDIPAW

2INjesd)| sonRINIp awoy ay} jo

Atewd ‘uon (suepisAyd Joy doo| 'sgIvsSN MIIASY m

-epUaWIWOD3I papasu se pue 'SUOIe|NWIOY A103s1y uon

aulepinb uo 1ualed 1oy 9|geysniouou  -edpawi e Jo uoi
paseq |0d0j0id '9du0) | Aep apispaq suoydspar‘usy  -d>oQ uaned) suosb J9Yl0 IO ISEIRI  -PIUDWINDOP pue CISNERE]
SUON [eUOlINIASU| YA 2Anesado-1sod [eNdsOH  -1lIM ‘9B 01 9 3UO U0 3uUQ -Ins ‘suaiied papuaIX3 uona|dwod) m uakoo1d Uep

uonUAAIUI (A>uanbauy)

s|elarew 10j9pInb 1oeU0d uoneduNWWod 1oe3U0D uonUAAIUI UuolUAAIUI

buipioddng adinog 4nos eyeq f>ewieyd sbunas JO SpoyIdN Jo 9po sjyuaidpay 9Y1 Jo sndo4 1speweyd  (4eak) soyiny

(panunuod) g ajqey



Page 19 of 33

(2025) 14:12

Naseralallah et al. Systematic Reviews

Sldd Jo uon
-edjjdde ayy uo
SNSUISUOD
12dx3 pue
BLIDILID SIS
-eulieyd Wl
-sAS-yjeaH yo
JSETRle]S
uedLaWY ‘suon
-onusul brnup
‘eDIP3|\ elR1R

Jels

[EDIPSW O} SUO
-USAJ31Ul [PUON
-eonpa pajebie] m

MaN (YI6E) (snonunuod) (s3uaned pue Sannp |ed
EREICIENRslallg uolssiupe 4Je1S [eDIpaWl) -1Ul|> puUe SpuNoi
919|dwo) 3y 1uaned bul apISpag dnolb yum eis |ed |edIpaw Ajlep ul
SUON DlepuUILB e -Inp 10 up |endsoH 90p) 0} 90 10BJUOD)  -IpaWl ‘sjudiied Idd uonedpiued m [/€] |19 bueyz
uon
-edNPa 1Uded m
suojepusaw
-Wwodal dnad
-eJay) BuBeN m
(Waw
Bupoyuow bnip
onnadessy| m
suol
-sanb uoljewlojul
Bnip bupsmsuy m
uol1el|IdDU0d3I
uojedIpawW pue
s4yQ BuiAjosal
‘suswibal uoned|
-paW BUIMBINSY m
uolnez
(snonunuod) (Weay [ed1pawl) -lleudsoy buunp
uolssiwpe dnolb yim 1oey JusWwabeuew uon
juaned bul 9apISpag -uod ‘(quaned) -eJIPSW puUP 3J4ed
QUON payiodas 10N payiodas 10N -Inp Jo uO |exdsoH 90p) 0] 90 U0 U0 3UQ sjuaned V/N usned aigw  [2y] e 19 buej
UOonUAAIRUI (Aouanbauy)
s|ea)ew 10j 9pIinb 1oe3U0D uonedunWwod 15e3U0D UOIJUdAIDIUL UOIJUIAIRIUI
bunioddng a%4nos 24nos eyeq A>ewieyd sbumas JO SpPoOYyIdN J0 dpo sjuaidday 9y} Jo sndo4 Ispewseyd  (4eak) Joyiny

(PanuNUOd) Z 3jqey



Naseralallah et al. Systematic Reviews (2025) 14:12

Audit and feedback
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Fig. 3 Summary of pharmacist interventions characteristics according to DEPICT 2 tool

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
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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
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period (from 0.02 error/patient in control to 0.04 error/
patient in intervention), incorrect instruction during
the inpatient period (from O 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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Fig. 4 Bar charts depicting the proportion of errors in intervention and control arms

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 (1=396), dose adjustments
(n=61), discontinuation of a drug (m=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 (#=53), change medications
(n=45), discontinue medications (n=41), dose changes
and tapering (#=10), monitoring (n=7), and other
interventions (n=48). 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
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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, I?=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
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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
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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
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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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