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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Patient safety remains a major concern for
healthcare systems worldwide, requiring proactive risk
management approaches to prevent adverse events. Failure
Mode and Effects Analysis (FMEA) is a well-recognized tool;
however, published data on its application in healthcare settings
in Central Asia are extremely limited.

Aim of study: The aim of this study was to analyze the
application of FMEA in the process of prescribing and
administering medications at a University Medical Center
in Kazakhstan and to evaluate the impact of FMEA-based
interventions on the frequency of medication errors.

Material and Methods: The study was conducted as a quality
improvement project with two components. First, a narrative
literature review was performed using the PubMed and Web
of Science databases (2020-2026): of 917 identified records,
34 articles meeting the inclusion criteria were selected and
analyzed.

Second, a prospective FMEA study was conducted at the
University Medical Center (UMC) in Astana, Kazakhstan,
from December 2023 to March 2024. A multidisciplinary
expert team, consisting of healthcare professionals and quality
management specialists (medical director, head of the quality
management unit, head of pharmaceutical services, head of
nursing, and two clinical pharmacologists), assessed failure
modes in the medication prescribing and administration process
using standard scales of Severity (S), Occurrence (O), and
Detectability (D) (each scored on a 10-point scale).

Risk Priority Numbers (RPNs) were calculated, and targeted
corrective actions were implemented for high-risk failure
modes. A follow-up reassessment was conducted in January
2026.

Results: Seven failure modes were identified across six stages
of the process. Baseline RPN values ranged from 150 to 400
(total RPN = 1990). The highest risks were associated with
discrepancies between medication orders in the medical record
and the medication chart (RPN = 400) and prescribing errors

(RPN = 350).
Following the implementation of corrective measures—
including electronic  prescribing, physician self-check

checklists, and mobile medication verification—the total RPN
decreased by 57.8% to 840. The number of reported medication
errors decreased by 49% in 2025 compared to 2024, while
the proportion of errors detected before drug administration
increased from 30% to 70%.

Conclusions: FMEA demonstrated its effectiveness as a
proactive tool for identifying and reducing medication safety
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risks at UMC. The findings support broader implementation of
this method in healthcare systems across Central Asia; however,
its generalizability to resource-limited settings requires further
investigation.

Key words. Patient safety, FMEA, risk management,
healthcare quality, Kazakhstan.

Introduction.

Despite significant advances in patient safety, adverse events
and medical errors remain major causes of morbidity and
mortality in hospitals. To prevent these events, Failure Mode
and Effects Analysis (FMEA) is widely used as a systematic
and proactive tool for identifying potential process failures
and prioritizing them based on their severity, likelihood of
occurrence, and detectability.

However, there is alack of published data on the implementation
of FMEA in healthcare organizations in Central Asia, and no
available evidence from Kazakhstan.

The implementation of FMEA in healthcare organizations in
Kazakhstan faces several systemic barriers, including limited
human and material resources and insufficient digitalization,
which affect the feasibility of applying FMEA as well as the
timeliness and completeness of required data collection. These
challenges are due to the regional characteristics of the country's
healthcare system.

Most healthcare organizations in Kazakhstan are located
in regional (oblast-level and rural) settings, accounting for
approximately 70-85% of all facilities, whereas only about
15-30% are concentrated in major cities such as Astana,
Almaty, and Shymkent. As a result, healthcare organizations
in peripheral areas face not only workforce shortages but
also insufficient training among senior managers and risk
management specialists.

Additional barriers include organizational constraints,
particularly the lack of integration of FMEA into routine quality
and patient safety management processes within healthcare
organizations. Internal audit programs are conducted separately
from FMEA activities, which creates a high risk of generating
incomplete recommendations for systemic improvements.

Taken together, these factors significantly limit the use of
proactive risk analysis methods in healthcare practice across
Kazakhstan.

Thus, the objectives of this study were:

1) to conduct a review of contemporary literature on the
application of FMEA in healthcare;

2) to demonstrate its practical application through an
FMEA case study conducted at a university medical center in
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Kazakhstan, with the potential for scaling this experience within
the national healthcare system.

To achieve the stated aim, this work combines two
complementary components: a narrative review of contemporary
literature (2020—2026) on the application of FMEA in healthcare,
and a prospective thematic study (quality improvement case
study) conducted at the University Medical Center (UMC) in
Astana, Kazakhstan.

This two-component structure, on the one hand, synthesizes
international experience in the application of FMEA in
medication safety and related processes, and on the other hand,
demonstrates the practical applicability of the method within the
context of a Kazakhstani healthcare organization.

The manuscript is structured in accordance with the IMRaD
format and the SQUIRE 2.0 recommendations: the “Materials
and Methods” section describes the literature review strategy
and the FMEA methodology applied at UMC; the “Results”
section presents both the synthesis of the literature and the
findings from the practical implementation of FMEA; and
the “Discussion” section compares the results with current
international literature and interprets them in the context of
healthcare systems with limited resources.

Materials and Methods.

This study was designed as a quality improvement project,
specifically a prospective thematic study (quality improvement
case study) accompanied by a narrative literature review. The
reporting of results followed the recommendations of SQUIRE
2.0[1].

A literature review on the application of FMEA in healthcare
organizations was conducted using the PubMed and Web of
Science databases. The following keywords and combinations
were used: “Failure Mode and Effects Analysis,” “FMEA,”
“patient safety,” “risk management,” “quality improvement,”
“healthcare,” and “Kazakhstan.”

The literature analysis included original studies, reviews,
scoping reviews, and systematic reviews published between
2020 and 2026. The inclusion criteria were: (1) application of
FMEA in hospital settings and patient care processes; (2) focus
on patient safety, quality improvement, or risk management;
and (3) original studies, reviews, or practical case applications.
Exclusion criteria included publications outside the specified
time frame, studies not aligned with the case study healthcare
setting, conference abstracts without full texts, opinion articles,
and studies lacking sufficient methodological details.

The search and screening were performed by a single author.
Relevant data were extracted and synthesized thematically to
identify common risk areas, implementation approaches, and
reported patient safety improvements associated with FMEA.

To enhance transparency, selected elements of the PRISMA
guidelines were applied, including a description of the search
strategy, inclusion and exclusion criteria, and the study selection
process (Figure 1). A total of 917 records were identified, of
which 46 duplicates were removed. After screening titles
and abstracts, 546 records were excluded. A total of 325 full-
text articles were assessed for eligibility, of which 291 were
excluded. Finally, 34 studies were included in the review.

ELINT3
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Case Study Methodology (FMEA).

A case study was conducted at a University Medical Center in
Kazakhstan to demonstrate the practical application of FMEA.
The study was carried out from December 1, 2023, to March
30, 2024. A follow-up reassessment was conducted after the
implementation of interventions in January 2026.

The Corporate Fund “University Medical Center” (hereinafter
— UMC) is part of the integrated academic healthcare system
of Nazarbayev University (NU Medicine), established based
on international standards and the experience of the University
of Pittsburgh School of Medicine (UPSOM) and its affiliated
medical center, UPMC.

UMC provides medical care across a wide range of specialties,
including obstetrics and gynecology, pediatrics, pediatric
surgery, traumatology, urology, endocrinology, pulmonology,
gastroenterology, neurology, oncohematology, cardiology, and
cardiac surgery, etc.

In addition, UMC is actively engaged in educational and
research activities in the relevant fields. UMC is accredited as
an academic medical center by Joint Commission International
and applies continuous quality improvement methodologies,
professional development of healthcare staff in leading
international medical institutions, and the implementation of a
patient-centered care model.

For the conduct of FMEA, a multidisciplinary expert team was
established, consisting of healthcare professionals and quality
management specialists: the head of the quality management unit
(facilitator), medical director, head of pharmaceutical services,
head of nursing services, and two clinical pharmacologists.

A process map of the selected healthcare delivery pathway was
developed, and potential failure modes were identified at each
stage.

Each failure mode was evaluated using the standard FMEA
framework based on three parameters, each scored on a 10-point
scale:

- Severity (S): the impact of the failure on the patient (1 =
negligible impact, 10 = death or catastrophic harm);

- Occurrence (O): the likelihood of the cause occurring (1 =
extremely unlikely, 10 = almost inevitable);

- Detectability (D): the ability to detect the failure before it
reaches the patient (1 = almost certain detection, 10 = virtually
undetectable).

The rating scales were adapted from the IEC 60812 and
contextualized for application within UMC. Full definitions of
the scoring scales are provided in Supplementary Table S4.

A consensus was reached through structured group discussion.
In cases where rating discrepancies exceeded 2 points, the team
engaged in further deliberation until agreement was achieved.
The final scores represent the consensus of all six team members.

The Risk Priority Number (RPN) was calculated as:

RPN=SxOxD

Risk levels were stratified according to the UMC risk ranking
scale (Table 1).

For the most critical failure modes, corrective and preventive
actions were proposed. To identify potential root causes for each
failure mode, an Ishikawa (fishbone) diagram and root cause
analysis were applied.



The results of the case study were analyzed in conjunction
with the findings of the literature review to assess the alignment
between identified risks and improvement strategies.

The process of “prescribing and administering medications to
patients” was selected based on the annual ECRI Top 10 Patient
Safety Concerns 2023 and recommendations of the Institute for
Safe Medication Practices, which identified non-compliance
with the “five rights” of medication safety and prescribing
errors due to inaccurate medication lists as critical issues.

According to the Institute for Healthcare Improvement (IHI)
and Duguid, inconsistent knowledge and documentation of
medication records account for up to 50% of medication errors
in hospitals and up to 20% of adverse drug events [2]. These
findings are supported by internal UMC incident statistics for
2021-2023 (Figure 3).

Results.

In accordance with the two-component study design, the results
are presented in two consecutive subsections. The subsection
“Findings from the Literature Review” summarizes the
narrative review findings regarding areas of FMEA application,
methodological approaches, and reported intervention effects.
The subsection “Case Application: University Medical Center
of Kazakhstan” presents the results of the practical FMEA
conducted at UMC, including identified failure modes,
baseline and post-intervention RPN values, as well as trends
in reported medication errors following the implementation of
corresponding corrective measures.

The comparison between the literature-based evidence and
empirical findings is presented in the Discussion section.

Findings from the Literature Review:

Out of 917 articles retrieved through keyword-based searches,
34 articles were selected. These publications were divided
into two categories (“Clinical care and diagnostic processes”
and “Hospital management”) and analyzed in terms of areas
of FMEA application and methodological approaches. The
studies were further thematically categorized into four domains:
(a) medication safety, (b) safety of surgical and procedural
interventions, (c) laboratory and diagnostic processes, and
(d) non-clinical hospital processes. The characteristics of the
included studies are presented in Supplementary Table SI.

FMEA demonstrates high practical value for improving
healthcare quality and reducing errors and is widely used to
optimize hospital processes [3].

Effective applications of FMEA have been described across
diagnostic and treatment processes. For example, in oncology
care (brachytherapy [4], radiation oncology [5]), hemodialysis
procedures [6], medication safety including biotherapeutic agents
[7], surgical patient management [8,9], central venous catheter
placement [10], prevention of sharp objects injuries [11], and
laboratory processes such as improving quality management of
emergency general blood test [12] and pre-analytical blood gas
analysis [13], as well as prior to implementation of computerized
prescription systems [14], among others.

FMEA is applicable throughout the entire lifecycle of a
technological process, including the identification of risks
during updated workflows [4], and the development of new
control tools and decision-making frameworks to eliminate
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failures at critical process stages [6].

In addition, the use of risk analysis methods may increase
awareness among staff involved in risk assessment regarding
potential safety hazards [15], thereby contributing to a reduction
in occupational injury incidents and improve managerial
satisfaction [11].

The implementation of FMEA has been shown to be effective
in identifying adverse events related to patient safety in
association with patient safety culture, accelerating recovery,
and reducing health-related risks [16], improving medication
safety during the medication use process [17,18], as well as
ensuring the safety of high-risk procedures [19].

Across the analyzed literature, established FMEA
methodologies were applied. Each failure mode is evaluated
based on Severity (S), Occurrence (O), and Detectability
(D), typically determined through consensus, followed by the
development of a risk matrix categorizing risk levels into high
(red), medium (yellow), and low (green) risk zones [20].

The consequences, causes, and corrective actions for each
failure mode are documented. FMEA ratings are used to develop
targeted system improvement recommendations in order to
prevent errors before failures occur across various processes,
including non-clinical settings [3,21-26].

Recommended  approaches to consensus  building
(interdisciplinary Delphi discussion group, brainstorming
method) [24,27], pairwise comparison to identify risks that
are difficult to assess [28], application of logistic regression
[29], algorithmic prediction of failure modes in healthcare
(APFMH) [24], FMEA information fusion method based on
two-component linguistic information and interval probability
[30].

Successful applications of FMEA have also been reported
in non-clinical hospital processes, including medical waste
management [31], assessment of DMRA risk for indoor
contaminants [26], fire prevention and control systems [32],
and improving operational safety and reliability across various
sectors [33].

Thus, FMEA is a key factor in quality improvement and one
of the most frequently used risk assessment methods [34]. Its
implementation as a standard tool in healthcare institutions,
although it requires a lot of expenses, can serve as an important
mechanism for preventing risks of incidents related to biological
hazards, epidemics, and environmental contamination, thereby
enhancing the safety of both patients and healthcare workers
[35]. The development of a rule-based system may act as a
repeatable and explainable decision-support tool, particularly in
high-risk environments such as healthcare [36].

The methodological findings related to FMEA implementation
— such as achieving consensus within a multidisciplinary team
and refining approaches to information processing during the
FMEA process—formed the basis for further refinement of
FMEA at the University Medical Center. This contributed to
strengthening risk prevention within the quality improvement
system and enhancing the safety of both patients and healthcare
personnel.

The generalized international data serve as a conceptual
framework for the second subsection of the results. They
define the expected spectrum of failure modes in medication
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Table 1. Risk Ranking Scale.

RPN Risk level Required actions
0-100 Low Cont}nuous monitoring
Routine process management
Management attention required
101-200 Managed risk Establish strategic team to eliminate or reduce risk
Ongoing monitoring
L Inform responsible manager
201-400 High risk Establish strategic team: urgent mitigation or risk reduction required
Inform responsible manager
401-1000 Critical risk Immediate action required:

Establish strategic team: immediate elimination or reduction of risk

Table 2. Time-Motion Study Results.

s Sche'd 1.11ed . Order/request Dispatch time  Arrival to Medication
Ne  Medication administration sent from . ., Cause
. from CPD the department taking delay (min)
time department
S Late order submission
1 Antibiotic 10:00 9:30 10:30 10:34 34 from department
2 Cytostatic 09:30 10:10 10:15 10:30 60 Late order submission
from department
3 Antibiotic 11:00 10:00 10:30 10:35 — —
Solution for Late order submission
4 IM/IV injections 09:00 09:20 10:30 10:40 100 from department
5 Cytostatics 11:00 Day before 10:19 10:30 — —
6 Cytostatics 11:00 Day before 10:19 10:30 — —
7 Antibiotic 11:45 10:45 11:00 11:05 — —
. Late order submission
8 Antibiotic 10:00 10:00 10:30 10:35 35 from department
Hormonal drug . ) . ) o No delay: incorrect
9 (additional) 10:00 10:00 09:40 09:44 timing entry
10  Hormonaldrug  10:15 10:00 09:44 09:49 — No delay: incorrect
timing entry
11 Hormonal drug | 11:00 09:00 09:41 09:43 — —
12 |Antibiotic 10:00 Day before 09:59 10:04 4 Delivery delay
13 IV solution 11:00 Day before 10:30 10:45 — —
14 1V solution 11:00 Day before 09:35 09:46 — —
15 |Cytostatic 10:00 09:30 10:15 10:30 30 Delivery delay
16  |Cytostatic 11:30 10:10 11:15 11:30 — —
Late order submission
17  Hormonal drug  09:00 09:00 09:30 09:35 35 from department
18 Antibiotic 09:00 08:30 09:20 09:24 24 Delay in CPD
19  IM/IV solution  09:00 08:20 09:30 09:40 40 Delay in CPD
20  Cytostatic 09:30 09:00 09:15 09:20 — —
21  Antibiotic 10:45 10:00 10:40 10:45 — —
22 Antibiotic 10:00 09:00 09:30 09:40 — —
23 |Antibiotic 11:00 10:00 10:15 10:20 — —
24 Hormonal drug  11:00 10:00 09:41 09:43 — —
25 Hormonal drug 11:00 10:00 10:50 10:55 — —
26  IM/IV solution  09:00 09:20 09:30 09:40 — —
27  IM/IV solution  09:00 09:20 09:30 09:40 — —
28  Cytostatics 09:30 09:00 09:30 09:35 5 Late order submission
from department
de e Late order submission
29  Antibiotic 11:00 11:00 11:15 11:20 20 from department
30 | Cytostatics 11:00 Day before 10:20 10:30 — —
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Table 3. FMEA table.

Process
Step

1. Medication
prescription

1.1 Preparation
of a medication
request in the

CPD (in case of

MIS failure)

2. Preparation
of medications
in the CPD

2.1 Preparation
22
Compounding
/ preparation o
medications

3. Dispatch of
medications
from the CPD

4. Receipt of
medications
from the CPD
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Potential Failure Mode

1) Incorrect prescription:
"Wrong patient"

"Wrong medication"
Incorrect dosage
prescribed

discrepancy in dosing
frequency/timing of
administration
discrepancy in route and
rate of administration

2) Discrepancy between
medication orders in
the medical record

and the Medication
Administration Record

Discrepancy between the
medication request and
the physician’s orders:
1) "Wrong patient"

2) "Wrong medication’
3) Dose discrepancy

Wrong medication
prepared

1) "Wrong patient"

2) "Wrong medication’

£ 3) Dose discrepancy

Incorrect medication
sent or sent to the wrong
department

Delay in medication
dispatch to the clinical
department

Delivery of incorrect
medication, Medication
not received at the
scheduled time "Wrong
patient" "Wrong
medication" Incorrect
dosage prescribed
discrepa ncy in dosing
frequency/ timing of
administration
discrepancy in route and
rate of administration

Potential Effect(s)
on Patient Safety

Harm to the patient
Adverse drug
reaction, treatment
delay

Harm to the patient
Adverse drug
reaction, treatment
delay

Harm to the patient
Adverse drug
reaction, treatment
delay

Harm to the patient
Adverse drug
reaction, treatment
delay

Harm to the patient
Adverse drug
reaction, treatment
delay

Harm to the patient
Adverse drug
reaction, treatment
delay

Potential Cause(s) |S O D

Human error, lack of
double-check

1) Incorrect selection
(selective verification
of prescriptions)

2) Technical error

1) Technical error

(lack of control) 10 )5 18

Technical error
Unclear
communication
language: lack of
communication
between physician
and nurse

Lack of control

10 4 8

Technical error
Unclear
communication
language: lack of
communication
between physician
and nurse

Lack of control

10 4 8

Incorrect label/

sticker applied 10 3 3

1) Incorrect sticker/
label 10
2) Pneumatic tube
system failure

RPN

350

400

320

320

240

150

Recommended Actions

Physician self-check; Head of
department/senior physician/
on-duty physician; Clinical
pharmacologist. Checklist:
“Verification of medication
prescription by physician” based
onthecriteria: medication,patient,
dose, frequency/timing, route
and rate of administration. MIS
automation of the “route of
administration” field and
labeling of look-alike/sound-
alike medications. Implement
electronic prescription and peer
review

Verification of medication orders
in the Medication Administration
Record against the medical chart
by nursing staff

Verification of the medication
request against the Medication
Administration Record based on
the criteria: medication, patient,
dose. Communication between
the CPD specialist and ward
nurse in cases of unclear
prescriptions.

1) Second-person verification of
physician orders; cross-checking
the received request/Medication
Administration Record with
medications being prepared

or compounding based on the
criteria: medication, patient,
dose. 2) Communication with the
physician and/or nurse in cases
of unclear prescriptions.

1) Verification of correct dispatch
by the pharmacist and CPD nurse
2) Ensuring an adequate number
of couriers and organizing
courier work according to an
optimized schedule

3) Tasking IT support to improve
MIS performance for faster
label/sticker printing

4) Regulating the process of
sending prepared medications
via the pneumatic tube system

Return to the CPD



Incorrectly administered
medication order
"Wrong patient"
"Wrong medication"

1) Failure to verify

Double-check: second nurse
verification Checklist:
“Verification of Medication
Administration by Nurse” based
on the criteria: medication,

5. Medication Harm to the patient  the Medication . L
.. . Incorrect dosage .. . patient, dose, frequency/timing,
administration . Adverse drug Administration e .
. prescribed . . 10 3 7 210  route and rate of administration
(execution of . . . reaction, treatment ~ Record and patient . .
o discrepancy in dosing . . . Implementation of a mobile
prescriptions) o delay identification .
frequency/timing of . version of the MIS
.. . 2) Inattention .. . .
administration For administration of narcotic
discrepancy in route and and psychotropic medications
rate of administration — verification/control by the
attending or on-duty physician
1990

Table 4. Comparison of Risk Priority Numbers Before and After FMEA-Based Improvements.

Post-Intervention

Failure Mode Initial RPN Interventions Implemented RPN
E-prescribing, audit
Implementation of the “Physician Medication Prescription
Incorrect prescription 350 Verification Checklist”; MIS automation of the “route of 140
administration” field; look-alike/sound-alike medications
highlighted using lowercase formatting in the system.
Dlscrép ancy .between .medlcan.on Verification of prescriptions in the Medication Administration
prescription in the patient medical record 400 Record against entries in the patient medical record by nursin 140
and the Medication Administration & p Y &
staff
Record
Discrepancy between the medication 120 Verification of the request against the Medication Administration 140
request in CPD and physician orders Record by nursing staff
Second-person verification of physician orders; cross-checking of
Incorrect medication prepared in CPD 320 the request with the Medication Administration Record by CPD 140
pharmacist/nurse/clinical pharmacologist
Incorrect medication sent from CPD Venf.icat.lon of correspondence b.etween request and dls.patched
240 medication: name, department, time; by CPD pharmacist and 100
or sent to the wrong department
nurse
I icati li e . L .
ncorrec.t medlcatlol.q delivered or Verification of received medication against the request based on
medication not received at the scheduled 150 L L . e ) 80
time criteria: medication, patient, dose, time; by nursing staff
Implementation of the “Checklist for Medication Administration
Incorrect medication administration 210 execution by Nurse ’ 1ntr0duct}0n ofa n}ob}le MIS version (on 100
tablets), allowing nurses to verify prescriptions in real time before
administration
1990 840

management processes, the range of achievable RPN reduction,
and a set of corrective interventions whose effectiveness has
already been demonstrated in studies conducted in academic
medical centers with a comparable level of quality management
system maturity.

These benchmarks are subsequently applied to the process
of “prescribing and administering medications to patients” at
UMC. This approach enables not only the description of the
local risk profile, but also an assessment of whether the effects
achieved at UMC are comparable to those reported in the
international literature.

Case Application: University Medical Center of Kazakhstan.

The practical application of FMEA is illustrated using a case
study conducted at the University Medical Center in Astana,
Kazakhstan, from December 1, 2023, to March 30, 2024.

The selected process for FMEA was “prescribing and
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administering medications to patients.” The FMEA process was
conducted according to a standard methodology consisting of
five steps (Figure 2).

The selection of the 2024 process was based on the annual
ECRI Top 10 Patient Safety Concerns 2023 and the Institute for
Safe Medication Practices (ISMP), which identify critical issues
that threaten the safety of patients and healthcare workers when
processes and systems are not properly aligned. Addressing
these issues is typically complex and requires a system-level
approach.

Among the 10 key concerns highlighted by ECRI in 2023 were
the “risks of non-compliance with the ‘five rules’ of medication
safety” and “medication prescribing errors arising from
inaccurate patient medication lists.” According to the Institute
for Healthcare Improvement (IHI) and Duguid, inconsistent
knowledge and record keeping about medications cause up to
50% of medication errors in hospitals and up to 20% of adverse



drug events. At least one in six patients may have a clinically
significant medication discrepancy on intrahospital transfers
[2].

The data were compared with the number of incidents and
medication errors recorded at UMC over the past three years
(2021-2023), which confirmed the relevance of the problem for
UMC as well (Figure 3).

At the next stage, a multidisciplinary team of stakeholders
was established, including the head of the quality management
unit, the medical director, the head of pharmaceutical services,
the head of nursing services, and clinical pharmacologists.
The facilitator role was assigned to the head of the quality
management unit, who is experienced in teamwork and the
FMEA methodology, oversees the analysis process, and supports
the team in applying a systematic approach to identifying failure
causes and implementing appropriate corrective actions.

To identify the medication prescribing and administration
process and to detect risks for FMEA, the team used a
brainstorming method, with sufficient time allocated for
discussion. Team meetings were scheduled in a way that did not
interfere with routine daily duties.

During the Process Mapping stage, the team developed
a flowchart of the process “prescribing and administering
medications to patients,” breaking it down into individual steps
(Figure 4).

The fourth stage involved assessing the significance of
potential failure consequences. All team members were focused
on identifying opportunities for process improvement, with
detailed discussions conducted step by step throughout the
process. The level of risk was determined using the UMC Risk
Ranking Scale (Table 1).

Risk assessment of failure modes was performed across the
steps of the process flowchart “prescribing and administering
medications to patients.” All process failures were rated with a
severity score of 10, as each of them could lead to severe patient
harm, including a fatal outcome.

Step 1 - Prescription of medications by the physician in the
Medical Information System (MIS).

At the first stage, “prescribing medication by the physician,”
potential failure modes in the patient medical record within the
MIS include violations of the “5 Rules” of medication safety due
to incorrect drug selection caused by human factors or technical
errors. The occurrence rating was assessed as 5 points, based on
the estimated frequency of approximately once per month. The
detectability rating was defined as 7 points, as the error can only
be identified through a scheduled selective review by the head
of department. The resulting RPN was 350 (high risk).

In addition, a failure at the prescribing stage may occur due
to discrepancies between medication orders in the medical
record and the Medication Administration Record, since the
process of transferring prescriptions from the medical record to
the Medication Chart—used by nurses and clinical pharmacy
department specialists—is not automated in the MIS. The
occurrence rating was assessed as 5 points, and the detectability
rating as 8 points, as such discrepancies are identified only
during specific inspection procedures. The resulting RPN was
400 (high risk).

231

Corrective actions to minimize risk were defined as follows:

1) Strengthening control measures: At the physician
level, self-checking using a “Physician Medication Prescription
Checklist”, along with selective audits by the head of
department, senior physician/on-duty physician, and clinical
pharmacologist. The review is based on the following criteria:
medication, patient, dose, frequency/timing, route and rate of
administration.

2) Verification of prescriptions: Nursing staff perform
cross-checking of medication orders in the Medication
Administration Record against entries in the patient’s medical
chart.

3) MIS automation: Automation of the generation of
the Medication Administration Record within the Medical
Information System (MIS) based on physician orders recorded
in the patient’s medical record.

Step 2 - Transfer of the Medication Administration Record
to the Clinical Pharmacy Department (CPD).

The next step of the process involves the electronic
transmission of the Medication Administration Record to
the Clinical Pharmacy Department (CPD) for medication
preparation, which is performed automatically within the
Medical Information System (MIS). However, in the event of
MIS failure, when electronic transmission to the CPD is not
possible, a paper-based order form (“Request”) is completed by
the nurse of the department.

In such cases, manual transcription of prescriptions from
the Medication Administration Record into the paper Request
introduces a potential risk of discrepancies (e.g., incorrect
medication, wrong patient, or dosing inconsistencies) compared
to the physician’s order. The occurrence rating was assessed as
4 points, (failures in the MIS occur with an average probability).
The detectability rating was 8 points. The resulting RPN was
320 (high risk).

The following measures were defined to minimize the risk:

1) Verification of the Request against the Medication
Administration Record by nursing staff using the criteria:
medication, patient, dose.

2) Direct communication between Clinical Pharmacy
Department specialists and nursing staff in cases of unclear or
ambiguous prescriptions.

Step 3 - Preparation of medications in the Clinical Pharmacy
Department (CPD).

At the medication preparation stage in the CPD, identified risks
include the preparation of the wrong medication, medication
intended for the wrong patient, or incorrect dosage. These
risks may arise due to technical errors, unclear prescriptions,
lack of communication between the physician, nurse, and CPD
specialist, or insufficient control mechanisms.

The occurrence rating was assessed as 3 points, while the
detectability rating was 8 points. The resulting RPN was 240
(high risk).

Step 4 - Dispatch of medications from the Clinical Pharmacy
Department (CPD).

The dispatch of medications from the CPD is associated with
risks of sending incorrect medications, delivering them to the



wrong department, or experiencing delays. The causes of these
failures were identified based on incident reports and an audit
conducted in the Clinical Pharmacy Department. The analysis
revealed cases of delayed or incorrect delivery of medications
from the CPD to clinical departments, as well as illegible
medication orders in paper-based Medication Administration
Records due to MIS failures.

According to incident reports for June and July 2023, a total of
53 system-related incidents were recorded:

1) Delayed delivery of medications to clinical departments —
11 incidents;

2) MIS failures — 37 incidents;

3) Pneumatic mail failures — 1 incident;

4) Incorrect dispatch of medications from CPD related to
violations of the “5 Rules” of medication safety — 4 incidents.

For the audit, the objective was to identify the main problems
associated with delayed dispatch and delivery of medications from
CPD to clinical departments. To this end, a time-motion analysis
was conducted to evaluate the time required for medication
dispatch and delivery from CPD to clinical units, as well as staff
workload involved in the delivery process (Table 2).

The average processing time for an order in the CPD (from
request to dispatch) across 22 cases (excluding “day-before”
cases and cases with incorrectly recorded times) was 35.3
minutes (min—max: 10-70 minutes). The average delivery time
of medications from the CPD to the department was 8 minutes
(min—-max: 2—15 minutes).

The wide variability in dispatch times prompted further
analysis of courier workflow. Couriers are responsible for the
manual delivery of medications that cannot be transported via
the pneumatic mail, as well as for loading other medications
into the pneumatic mail. At the time of the tracer study, the CPD
staffing included five couriers. Two out of five were on scheduled
annual leave. According to the shift schedule, two couriers are
assigned to the daytime shift, while one courier covers the night
shift. However, on the day of the assessment, only one courier
was available during the daytime shift. Due to the absence of the
second courier, prolonged delays were observed in the dispatch
of prepared medications from the CPD to clinical departments.
Additionally, when the courier was physically present in clinical
departments, delays in sending medications via the pneumatic
mail were also observed during daytime hours.

A delay in medication dispatch due to pneumatic mail failures
was observed in one case (1.9%). During the waiting period
caused by capsule backlog and due to a shared pathway for
incoming and outgoing capsules, the risk of incorrect delivery
of capsules to inappropriate departments increased.

An additional cause of delayed medication dispatch from the
CPD was intermittent slowdowns in the Medical Information
System (MIS), which led to difficulties in printing labels/
stickers.

Upon receipt of prepared medications via the pneumatic mail
in clinical departments, insufficient control by nursing staff was
noted, particularly regarding the recording of the exact time of
medication receipt.

Thus, delays in the dispatch and delivery of medications from
the CPD to clinical departments are associated with insufficient
organization of the medication dispatch process.
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At the stage of receiving prepared medications from the CPD,
identified risks include delivery of incorrect medication and
delayed arrival beyond the prescribed time due to incorrect
labeling and pneumatic mail failures. The occurrence rating was
assessed as 3 points and the detectability rating as 5 points. The
resulting RPN was 150 (managed risk).

Step 5 - Medication administration (drug administration to
the patient).

At the execution stage of medication orders, incorrect
administration may occur in the following categories: “wrong
patient,” “wrong medication,” “incorrect dose,” as well as
discrepancies in frequency/timing of administration, route, or
rate of administration. These failures may arise if verification
between the received medication and the Medication
Administration Record is not performed, due to patient
misidentification, or due to inattentiveness.

The occurrence rating was assessed as 3 points, and the
detectability rating as 7 points. The resulting RPN was 210
(high risk).

The identified potential risks were classified as high risk based
on the RPN values. To minimize these risks, corrective measures
were defined as follows:

1) Strengthening verification control:

Ensuring proper dispatch control by the pharmacist and
nursing staff of the Clinical Pharmacy Department (CPD).

2) Adequate staffing and courier workflow optimization:

Increasing the number of couriers and reorganizing their
schedule to ensure the availability of two couriers during the
daytime shift.

3) Optimization of pneumatic mail operations:

Regulating the process of medication dispatch via the
pneumatic mail and addressing system failures associated with
incorrect routing of capsules to departments.

4) Medical Information System (MIS) interventions:

Eliminating technical issues related to system delays
and slow performance;

Automating the “route of administration” field and
implementing labeling for medications with similar names.

5) Strengthening double-check procedures:

Enhancing double verification using checklists for both CPD
staff and nursing personnel in clinical departments.

All potential causes and recommended mitigation actions for
each failure mode were documented in the FMEA table (Table
3).

This structured approach ensured that each failure mode was
linked to its root causes and that clear, actionable risk reduction
measures were defined.

The next step involved staff training in the relevant
departments, for which a Medication Prescribing Process
Questionnaire was used. It included correct answers to questions
used during the control of medication prescribing by physicians,
medication preparation in the Clinical Pharmacy Department,
and medication administration by nursing staff. After training,
the questionnaire was used as a reference tool (Table SII).

In accordance with the recommended measures, a checklist-
based control system was implemented: the “Checklist for
Verification of Physician Medication Prescriptions” and the



“Checklist for Verification of Medication Administration
execution by Nurses.”

The full versions of the physician prescription verification
checklist and the nursing execution checklist are provided in the
Supplementary Materials (Supplementary Table SIII: Checklist
for Physician Prescription Verification; Supplementary Table
SIV: Checklist for Nursing Execution Verification).

The checklists were used by physicians and nurses for self-
control in 100% of cases, as well as for selective audits at the
level of the head of department and internal quality assurance
unit experts. The implementation of these control activities also
ensured compliance with the requirements of the Ministry of
Health of the Republic of Kazakhstan regarding internal quality
assessment procedures.

Automation within the Medical Information System (MIS)
of medication prescribing by physicians, the “route of
administration” field, and the labeling of look-alike/sound-alike
medications, as well as the introduction of a mobile version of
the MIS on tablets, helped to eliminate technical errors. These
interventions removed the need for manual reconciliation of
prescriptions in the Medication Administration Record with
nursing documentation after physician orders, as well as the
use of paper-based Medication Administration Records during
patient care.

Following these interventions, the RPN was reassessed after
improvements based on the FMEA methodology (Table 4).

As a result of the repeated FMEA after the implementation
of corrective actions, the RPN at each stage of the medication
prescribing and administration process was reduced, i.e., shifted
from a high-risk level to a managed-risk level for medication
errors, due to a decrease in the occurrence rating and an
improvement in detectability.

The risk of incorrect prescribing decreased by 60%;
discrepancies between medication orders in the medical record
and the Medication Administration Record decreased by 65%;
errors in medication preparation in the CPD decreased by
56.3%; errors in dispatch from the CPD and delivery to clinical
departments decreased by 58.3% and 46.7%, respectively; and
medication administration errors decreased by 52.4%. Overall,
the total RPN decreased by 57.8%, or 2.4-fold.

The implementation of FMEA-based interventions over one
year led to a reduction in medication errors. Specifically, the
absolute number of reported medication errors decreased from
1,317 in 2024 to 670 in 2025, representing a 49% reduction
(Figure 5). The proportion of errors detected before medication
administration increased from 30% to 70%.

At UMC, approaches to the identification and reporting
of medication errors are defined in accordance with the
Joint Commission International Accreditation Standards for
Hospitals. A medication error is defined as any preventable
event that may lead to inappropriate medication use or pose a
risk to patient safety.

Medication errors include: incorrect frequency of
administration, incorrect dose, wrong medication, administration
to the wrong patient, medication unavailability, vial damage,
expired medication, improper storage, overdose, incidents
reported by clinical pharmacists as Near Miss events, incorrect
dilution, drug allergy, wrong route of administration, incorrect
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timing of administration, incorrect infusion rate, and incorrect
administration date.

A potential medication error (near miss, medication-related
near miss) is defined as any deviation from the expected
medication-use process at any stage (labelling, prescribing, or
administration) that did not affect the patient outcome in this
instance because it was detected and prevented before causing
potential harm, but which could lead to a medication error and
serious consequences if repeated.

A medication error or hazardous situation (“near miss”’) may be
identified at any stage of the medication-use process, including
prescribing, preparation, administration, and patient monitoring
after administration. Reporting of such events is permitted for
any participant in the care process, including physicians, nurses,
patients, and others, through submission of an “Incident Report”
to the quality management department.

Discussion.

This study addresses an identified gap in the literature by
presenting the first documented application of FMEA in a
healthcare organization in Kazakhstan. It also demonstrates
the successful implementation of FMEA in the processes of
medication prescribing and administration at the University
Medical Center, resulting in a 57.8% reduction in the total RPN
and a 49% decrease in medication errors over one year. To the
best of our knowledge, this is the first published FMEA study
from a healthcare institution in Central Asia.

The growing body of international literature on FMEA
application in medication safety provides a context for
evaluating the UMC experience. In a teaching hospital in Sri
Lanka, Anjalee et al. applied FMEA to the medication dispensing
process, identifying 90 failure modes across two independent
pharmacist teams [38]. The most frequently identified cause
was overcrowded dispensing counters, which contributed to
57 failure modes. The study demonstrated that FMEA can be
effectively used by pharmacists in resource-constrained settings
to systematically identify and prioritize failure modes in the
dispensing process.

In India, Jain conducted an FMEA study in a multi-specialty
hospital in Gurgaon [39]. Authors identified 11 failure modes
in the medication management process, with transcription
errors accounting for 37% and administration errors for 29%
of observed medication errors. After implementing corrective
actions, the study achieved approximately 40% average and
up to 60% reduction in RPN values for prioritized failure
modes. Similarly, in Jordan, Haroun et al. applied FMEA to the
nursing blood sampling process at King Hussein Cancer Center,
identifying eight critical failure modes with RPN exceeding
200 and achieving a 58% reduction in RPN after implementing
corrective actions across five improvement themes [40]. These
international experiences demonstrate that FMEA can be
successfully implemented across diverse healthcare settings,
from tertiary care hospitals in South Asia to specialized cancer
centers in the Middle East, with consistent results in identifying
high-risk failure modes and achieving meaningful risk reduction.

The profile of the most significant failure modes identified
at UMC is consistent with findings from recent HFMEA
studies of medication management processes in secondary



care hospitals. In particular, Sova et al. [41], who applied
HFMEA to an electronic medication management process in
a multidisciplinary hospital in Finland, identified 35 failure
modes, among which the most critical were failures at the stage
of transferring prescriptions into the electronic patient record
and at the medication reconciliation stage. These correspond
directly to the failure clusters in our dataset with the highest
RPN values (discrepancy between medication orders in the
medical record and the Medication Administration Record,
RPN = 400; prescribing errors, RPN = 350).

The similarity in risk profiles observed across academic
medical centers with different levels of digitalization supports
the conclusion that critical process vulnerabilities are systemic
rather than local in nature. It also suggests that the prioritization
of interventions conducted at UMC follows patterns consistent
with those described in the international literature [17,18,41].

The content of the corrective interventions selected by the
FMEA team at UMC (electronic prescribing, physician and nurse
self-checklists, and mobile bedside medication verification)
aligns with the priorities outlined in the Targeted Medication
Safety Best Practices of the Institute for Safe Medication
Practices [42] and in the updated AHRQ review Making
Healthcare Safer IV by the Agency for Healthcare Research and
Quality [43]. In these frameworks, computerized provider order
entry with clinical decision support (CPOE-CDS) is identified
as one of the most evidence-based interventions for reducing
prescribing errors.

Meta-analytic evidence demonstrates approximately a 48%
reduction in prescribing error probability when transitioning
from paper-based prescribing to CPOE, and a 30.1% reduction
in orders containing at least one error following implementation
of electronic systems [43, 44]. The observed 49% reduction in
reported medication errors at UMC falls within this range. The
fact that this reduction was achieved without full end-to-end
automation of the medication-use process suggests that these
results may represent a conservative estimate of the potential
impact of further digitalization of the medication management
cycle.

The findings gain additional significance in the context of
the World Health Organization Global Patient Safety Report
[45]. According to this report, the majority of preventable
harm is concentrated in low- and middle-income countries.
For example, approximately 134 million adverse events are
reported annually in hospitals in these countries, with more than
half of preventable medication-related harm occurring at the
prescribing stage.

The relevance of FMEA implementation in low- and middle-
income countries (LMICs) has been increasingly recognized. For
instance, In Iran, Yousefinezhadi et al. applied process FMEA to
improve intensive care unit reliability in two Tehran hospitals
[46]. It helped them identify 378 potential failure modes in
one hospital and 184 in another. Thus, the study demonstrated
that FMEA empowers staff to identify, evaluate, and analyze
failure modes without feeling blamed by management, which is
a critical factor for sustainable quality improvement in resource-
limited settings.

In China, Xu et al. conducted a multicenter FMEA study across
multiple hospitals to optimize acute kidney injury management
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[47]. The analysis identified 22 failure modes, with the highest
RPN (224) associated with pharmacists failing to provide
correct dosage adjustment plans. After implementing a clinical
decision support system (CDSS), the total RPN decreased by
87.5%, demonstrating the potential for significant risk reduction
even in complex clinical pathways.

The application of FMEA at the medical center addresses
two key objectives. First, it introduces a risk management
tool validated by international practice. Second, it establishes
a methodological and educational foundation for scaling this
approach to regional and rural healthcare organizations, where
workforce shortages and limited digital infrastructure require
particularly careful prioritization of interventions. In practical
terms, the application of the same FMEA methodology in
multiple healthcare organizations across Kazakhstan, from
urban academic centers to rural district hospitals, would allow a
direct comparison of failure-mode profiles, RPN distributions,
and magnitudes of risk reduction.

When interpreting the results obtained, it is necessary to
consider the recognized methodological limitations of FMEA
itself. Numerous reviews [3,35] note that the multiplicative
nature of the RPN (S x O x D), the subjectivity of expert
judgments, and low inter-rater reproducibility may lead to an
overestimation of the precision of quantitative outputs.

In our study, this limitation was partially mitigated through
the achievement of group consensus within a multidisciplinary
team, the use of standardized scoring scales adapted from IEC
60812, and the combination of FMEA with Ishikawa diagrams
and root cause analysis. Nevertheless, formal assessment of
inter-rater reliability was not performed, which is consistent
with limitations reported in the literature and defines a direction
for further methodological development. Future work should
focus on testing simplified scoring systems [17] and approaches
based on pairwise comparisons [28] or failure mode prediction
models [24]. This caveat is particularly relevant because even
small variations in individual ratings of Severity, Occurrence,
or Detection can produce meaningful shifts in the resulting RPN
and, consequently, in the prioritization of corrective actions.

In addition, our results are consistent with findings from the
literature on FMEA in medication safety. Anjalee et al. [18],
in a systematic review of FMEA applications in medication-
use processes, reported RPN reductions ranging from 40% to
70% across included studies, placing our observed reduction of
57.8% within the expected range. Duncan et al. [10] similarly
demonstrated significant risk reduction in central venous
catheter placement using a comparable multidisciplinary FMEA
approach.

The magnitude of risk reduction observed at UMC (57.8%) is
consistent with ranges reported in recent systematic reviews. A
comprehensive scoping review analyzed 163 FMEA studies in
healthcare settings published between 2003 and 2023, finding
that FMEA was successfully applied across diverse clinical areas
including medication safety, surgical processes, and infection
prevention [35]. The review noted that FMEA implementation
was particularly effective when combined with complementary
tools such as root cause analysis and Ishikawa diagrams, as
practiced at UMC.



Additionaly, El-Awady provided an overview of FMEA as a
patient safety tool [22]. It was noted that the method originated
in high-risk industries including aerospace and chemical
manufacturing before being adapted for healthcare. The review
highlighted that the Joint Commission on Accreditation of
Healthcare Organizations (JCAHO) recognized FMEA as
an effective proactive risk analysis method when researching
safety improvement techniques for healthcare services. This
cross-industry validation supports the transferability of FMEA
methodology to medication management processes in different
healthcare contexts, including the Central Asian setting
described in the present study.

An important observation is that the Severity (S) rating
remained unchanged at a value of 10 for all failure modes,
as the nature of potential harm (up to and including patient
death) was not altered by the interventions. Risk reduction
was achieved exclusively through a decrease in Occurrence
(O) and improvements in Detectability (D). This pattern is
consistent with FMEA literature, where Severity is typically
considered an intrinsic property of the failure mode that is not
modifiable through process improvements [3]. The relatively
smaller reduction in risk associated with detectability (46.7%)
may indicate that certain detection mechanisms still depend on
staff vigilance, which is inherently less reliable than automated,
system-based controls.

This study builds on the traditional strengths of FMEA,
namely its systematic approach, proactivity, multidisciplinary
collaboration, risk prioritization, and formalized documentation.
The FMEA report is also used as a tool for staff training and
process standardization at UMC.

A number of contextual factors may have influenced the
observed improvements in addition to the FMEA interventions.
The parallel implementation of a mobile MIS, the institutional
focus on reaccreditation by the Joint Commission International,
and overall staff awareness of the ongoing study (the so-called
Hawthorne effect) may all have contributed to the results.
Furthermore, the increase in the proportion of errors detected
prior to administration (from 30% to 70%) may partially reflect
an improvement in the reporting culture within the organization,
rather than solely improvements in detection processes. These
confounding factors should be taken into account when
interpreting the magnitude of the observed improvements.

The findings on the application of FMEA in both clinical and
non-clinical processes will serve as a foundation for expanding
the use of this method and for selecting future FMEA topics at
UMC.

Limitations.

This study has several limitations.

First, it was conducted in a single academic medical center
with Joint Commission International accreditation and relatively
advanced infrastructure. Therefore, the findings may not be
fully generalizable to regional or rural healthcare organizations
in the country, where resource and workforce constraints are
more pronounced.

Second, despite achieving team consensus, FMEA scoring
remains inherently subjective and dependent on the experience
and expertise of participants. A different team might assign
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different scores to the same failure modes. Inter-rater reliability
was also not formally assessed.

Another limitation is that the narrative review was restricted
to two databases, and screening was performed by a single
reviewer without formal quality appraisal of included studies,
which may have introduced selection bias. In addition, the
before—after study design without a control group does not
allow all observed improvements to be attributed solely to
FMEA interventions. Temporal trends, concurrent institutional
changes, and improvements in reporting culture may have also
contributed and should be considered when interpreting the
findings and formulating conclusions.

Despite these limitations, FMEA demonstrated its value as a
tool for early identification and mitigation of risks in clinical
processes.

Conclusion.

The results of the case study conducted at the University
Medical Center practically demonstrated the applicability of
risk analysis approaches in improving the quality of healthcare
delivery.

FMEA is an effective proactive tool for enhancing patient safety
and can be successfully adapted in healthcare organizations
in Kazakhstan. A standardized methodology combined with
locally adapted checklists and integration with IT systems
represents a reproducible model for other healthcare institutions
in the region. Future research should focus on multicenter
implementation, controlled study designs, and evaluation of the
long-term sustainability of improvements.
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AOCTpaKT.

BBenenue: be3onacHOCTh MAalMEHTOB OCTAETCS OJHOW W3
KITFOUEBBIX TPOOJIEM CHCTEM 3APaBOOXPAHEHHS IO BCEMY MHPY
U TpeOyeT MPOAaKTUBHBIX IMOIXOJO0B K YIPABICHUIO PHUCKAMU
JUIA TIPEAOTBPAIICHUS HEXKENATeIbHBIX COOBITHIA. AHamu3
BHJIOB W TIOCJIEJCTBHI MOTEHIIMAIBHBIX 0TKa30B (Failure Mode
and Effects Analysis, FMEA) siBisieTcs mMpoKO MPU3HAHHBIM
WHCTPYMEHTOM, OJHAKO OIYOJMKOBAHHBIC IaHHBIE O €ro
NPUMEHEHUH B MEAMLMHCKHUX opraHuzanusx LleHTpanbHON
A3un kpaiiHe OrpaHUYEHBI.
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Heas mucciaegoBaHus: TPOAHATM3UPOBATh IPUMEHEHHE
FMEA B mpouecce Ha3Ha4eHHS U BBEICHUS JICKAPCTBEHHBIX
IpernapaToB B YHHBEPCUTETCKOM MEIWIMHCKOM IIEHTpE B
KazaxcraHe 1 OIIeHUTh BIHSHUE MEPOIIPUATHIL, pa3padOTaHHbBIX
Ha ocHoBe FMEA, Ha 9acTOTy MEIUKaMEHTO3HBIX OIIMOOK.

Marepuansl M MeTOAbI: HCCICIOBAaHHE BBIIIOJIHEHO B
paMKax MpoeKTa MO YIyYIIeHHIO KadecTBa M BKIIIOYAJIO /1B
KOMITOHEHTa. Bo-mepBbIX, MpOBENEH HappaTHBHBIA 0030p
nuTeparypsl mo 0azam jaHHbix PubMed m Web of Science
(2020-2026): w3 917 wHailigeHHBIX 3amUced oOTOOpaHO U
mpoaHanu3upoBaHo 34  myOMMKamMM, COOTBETCTBYIOIINE
KpUTEpUSIM BKIIOYeHHUS. BO-BTOpBIX, B MepHON C JeKalps
2023 roma mo Mapt 2024 roma B KopmoparuBHOM (oHme
«YHHUBEpPCUTETCKUH MemuiuHcKkuid nentp» (YMI, . Acrana,
Kazaxcran) nmposeneno mpocnektusHoe FMEA-nuccnenoBanue.
MynpTHANCIUIUIMHAPHAS JKCIIEPTHAs rpymmna (MEeIUIIMHCKUN
JUPEKTOP, PYKOBOAUTEIh CIYXKOBI MEHEIKMEHTa Ka4decTBa,
PYKOBOIUTENH (hapMalieBTHUECKOI CITyKOBI, ITTaBHAs MEICECTpa
U JIBa KIMHUYECKHX (DapMaKosiora) oleHHBajIa BU/Ibl OTKA30B B
Iporiecce Ha3HAUEHUS M BBEJICHHS JICKAPCTBEHHBIX CPEACTB C
HCIOJTF30BAaHIEM CTAHAAPTHBIX IIKAJI 3HAYUMOCTH (S), 9aCTOTHI
Bo3HuKHOBeHUs (O) m obHapyxuBaemoctu (D), kaxnmas mo
10-6annpHON mIKasme. PaccuuThIBaimiCch YHCNIa MPUOPUTETA
pucka (Risk Priority Number, RPN); mis oTka3oB BBICOKOTO
pHUCKa BHEIPSAJIHCH ILIEJIEBBIE KOPPEKTHPYIOIINE MEPOIPUSTHSL.
IToBTOpHAs olleHKa TpoBeeHa B siHBape 2026 ropa.

Pe3yabTaThl: Ha MIECTH 3Tamax IpOIEcca BBIABICHO CEMb
BUJIOB OTKa30B. IcxonHele 3HaueHuss RPN nHaxogunuce
B muamazone ot 150 go 400 (cymmapsbeiii RPN = 1990).
HawuGonplime pucku ObUIM CBSA3aHBI C PACXOXKICHUSIMU MEXKIY
Ha3HAYCHUSAMU B METUIIMHCKONH KapTe M JIUCTOM BpaueOHBIX
nasHadeHuid (RPN = 400) u ¢ ommbkamu HazHadeHus (RPN =
350). ITocne BHeAPEHUS KOPPEKTUPYIOIINX MEP — SIEKTPOHHBIX
Ha3HAYCHUH, YEeK-JIMCTOB CAaMOKOHTPOJISI Bpada U MOOWIBHON
BepuHKaUu JiekapcTB — cymmapHeii RPN cHu3mics
Ha 57,8% wu cocraBun 840. Yucio 3aperucTpupoBaHHBIX
MEIUKaMEHTO3HBIX OMMOOK yMmeHbIuiIoch B 2025 romy Ha
49% mo cpaBHeHuto ¢ 2024 romom, MpH ATOM A0S OIMINOOK,
BBISIBJICHHBIX JIO BBEJIEHUS Mpenapara, Bo3pocia ¢ 30% mo 70%.

BoiBoasli: FMEA mnponemoHcTpupoBan 3(pQeKTHBHOCT
KaK TPOAKTUBHBI HMHCTPYMEHT BBIABICHHUS U CHIDKCHUSA
PHUCKOB JieKapcTBeHHOH Oe3omacHoctu B YMII. [lomyuennsie
pe3ynbTaThl MOAEPKUBAIOT O0Jiee IIUPOKOE BHEAPEHHE ITOTO
METOJa B CHCTEMax 3JpaBOOXpaHEeHUs cTpaH lLleHTpanbHOU
A3un; BMECTe C TeM €ro MPUMEHHMOCTh K YUPESKICHUSAM C
OTpaHUYEHHBIMH pecypcaMu TpedyeT NadbHEHIIero n3y4eHusl.

KuarwueBble cioBa: Oe3omacHOCTh mamueHToB, FMEA,
yIOpaBlIieHHEe pPHCKaMH, KadeCTBO MEIUIIMHCKON IOMOIIH,
Kazaxcran.
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