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Enhancing Microbiological Testing Rates Prior to Antimicrobial Therapy in Hospitalized Patients Using the FOCUS-PDCA Cycle Model
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Abstract
Introduction: Enhancing compliance with microbiglegiea riord@ antimicrobial therapy is fundamental to diagnostic stewardship,
anti ial resistance—a key objective of national healthcare quality and

Find, Organize, Clarify, Understand, Select, Plan, Do, Check, Act (FOCUS-

PDCA) cycle model as a quality improvem
Materials and Methods: Baseline data
December 2022 to evaluate three di
(2) microbiological testing rate fi

stewardship indicators: (1) overall microbiological testing rate before antimicrobial therapy,
ired infection (HAI) diagnoses, and (3) submission rate before the concomitant use of key

compliance.

Results: Implementati
antimicrobial testing ré
0.65; p<0.001
target. The
p<0.001), al

S-PDCA model led to statistically significant improvements across all indicators. The overall pre-

om 44.29% to 69.94% post-intervention [odds ratio (OR): 0.64; 95% confidence interval (Cl), 0.63—
g rate rose from 72.63% to 90.0% (OR: 0.81; 95% Cl, 0.74-0.88; p<0.001), achieving the national

€ concomitant use of key antimicrobials increased from 89.76% to 96.47% (OR: 0.91; 95% Cl, 0.88—-0.95;
ined slightly below the national threshold of 100%. All observed differences were statistically significant

ntimikrobiyal tedavi 6ncesi mikrobiyolojik testlere uyumu artirmak, tani yonetimi, hassas antimikrobiyal receteleme ve

imikrobiyal direng kontroli igin temel 6neme sahiptir. Bu, ulusal saghk hizmetleri kalite ve glvenlik girisimlerinin temel amaglarindan
ridir. Bu ¢alismada, hastanede yatan hastalarda antimikrobiyal tedavi 6ncesi mikrobiyolojik test protokollerine uyumu artirmak igin bir
kalite iyilestirme cercevesi olarak Bul, Organize Et, Acikla, Anla, Seg, Planla, Uygula, Kontrol Et, Onlem Al (FOCUS-PDCA) déngii modelinin
etkinligi degerlendirilmistir.

Gereg ve Yontem: Ocak ve Aralik 2022 arasinda antimikrobiyal tedavi géren hastanede yatan hastalardan temel veriler toplanarak tg temel
tani yonetimi gostergesi degerlendirildi: 1) antimikrobiyal tedavi 6ncesi genel mikrobiyolojik test orani, 2) hastane kaynakli
enfeksiyontanilariyla iliskili mikrobiyolojik test orani ve 3) temel antimikrobiyallerin es zamanli kullanimindan 6nceki bagvuru orani. Ocak-
Haziran 2023 arasinda, sistematik sorun tanimlama, kék neden analizi, hedefli mtdahalelerin gelistiriimesi ve uygulanmasi ve mikrobiyolojik
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test uyumlulugundaki iyilestirmeleri degerlendirmek igin performans 6lgltlerinin daha sonraki degerlendirmesini iceren FOCUS-PDCA
modeli uygulandi.

Bulgular: FOCUS-PDCA modelinin uygulanmasi, 6lgtilen tim gostergelerde istatistiksel olarak anlamli iyilestirmeler sagladi. Antimikrobiyal
tedavi 6ncesi genel mikrobiyolojik test orani, baslangigta %44,29 iken miidahaleden sonra %69,94’e yikseldi [olasilik orani (OR): 0,64, %95
guven araligi (GA): 0,63-0,65, p<0,001). Hastane kaynakli enfeksiyonla iligkili tani testleri i¢in basvuru orani, %72,63’ten %90,0’a yikseldi
(OR: 0,81, %95 GA: 0,74-0,88, p<0,001) ve ulusal hedefe ulasti. Ek olarak, temel antimikrobiyallerin es zamanli kullanimindan énceki
bagvuru orani, %89,76’dan %96,47’ye ytikseldi (OR: 0,91, %95 GA: 0,88-0,95, p<0,001), ancak %100’liik ulusal esik degerinin altinda kald.
Baslangi¢ ve miidahale sonrasi oranlar arasinda gozlemlenen tim farkhliklar istatistiksel olarak anlamhydi (p<0,05).

Sonug: FOCUS-PDCA modelinin uygulanmasi, hastanede yatan hastalarda antimikrobiyal tedaviden 6nce mikrobiyolojik test protokollerine
uyumu 6nemli 6lguide artirarak tani yonetimi uygulamalarini etkili bir sekilde iyilestirmistir. Calisma, FOCUS-PDCA modelinin akilci ve kanita
dayali antimikrobiyal kullanimini tegvik etmedeki klinik Gnemini vurgulamistir. Bu bulgular, tani uygulamalarini optimize etmek igin
yapilandirilmis kalite iyilestirme gergevelerinin antimikrobiyal yénetim programlarina entegre edilmesini desteklemektedir.
Anahtar Kelimeler: FOCUS-PDCA, mikrobiyolojik test, antimikrobiyal tedavi, hastane kaynakli enfeksiyon

Introduction
The National Institute of Hospital Administration launched (HAI) a special action initiative (2021-2023) aimed at increasing
testing rates prior to antimicrobial therapy in hospitalized patients—a central objective of national healthcare quality and
This initiative established tiered benchmarks: a minimum submission rate of 50% for all hospitalized patients receivi ;

hospitalized patients, providing evidence-based guidance for optimizing specimen sub
clinical practice.

Materials and Methods

Study Design and Participants

This retrospective study analyzed microbiological testing rates prior to the initiation o
patients. Baseline (pre-intervention) data were collected from January 1 to December ervention data, following
implementation of the FOCUS-PDCA cycle model, were collected from Januar 3 us, microbiological testing data from
the full year of 2022 were used for pre-intervention analysis, while data fro S were used for post-intervention
evaluation. The study included patients who received systemic a g hospitalization. Patients receiving prophylactic
antibiotics or localized antimicrobial treatments—such as eye dr nemas, or topical formulations—were excluded.
Problem Identification
Current Status Assessment: A retrospective analysis of inpatie January 1 to December 31, 2022, was conducted using the
hospital’s infection monitoring system to evaluate microbio i s. The results revealed that the pretreatment specimen
submission rate was substantially below the national benc cified in the national special action plan for antimicrobial
stewardship.
Establishment of Quality Improvement Team: A ighisCi improvement team was formed under the leadership of the
Department of Hospital Infection Control. The te bers representing key departments, including Hospital Infection
Control, Medical Affairs, Clinical Laboratory, Infi elihology, Nursing, and major clinical units. In addition, representatives from
the hospital’s infection surveillance softw, 0 sonnel from affiliated group hospitals were included. The team’s primary
responsibilities were to develop, imple, i geted interventions aimed at improving microbiological testing rates across
the institution.
Clarification of Microbiological and Operational Standards: The standard submission workflow began with physicians
ordering microbiological tests b ini jcations. Orders were verified by nursing staff prior to specimen collection—such as
blood, urine, or respirator ensure accurate labeling and timely transport to the laboratory under prescribed conditions. Upon

tatistical analysis. The system automatically calculated the microbiological submission rate prior
amps for antibiotic administration and specimen collection/orders. These results were subsequently

actors contributing to the low baseline pretreatment specimen submission rate, the quality improvement

team condul d brainstorming sessions and comprehensive root cause analyses. The following categories of contributing

time-stamped records for specimen collection in inpatient units, and inadequate data validation processes for quality control
( nagement-related factors: Structural weaknesses in management, such as underdeveloped accountability frameworks, absence of
formance-based incentives, delayed feedback on submission compliance, and insufficient oversight from functional departments

) Documentation-related factors: Incomplete documentation of antimicrobial stewardship protocols, limited feasibility of existing work
plans, non-standardized workflows, and poorly defined responsibilities (Figure 1).
Quality Improvement Plan
Target: Based on the standards outlined in the National Special Action Guide, a continuous quality improvement (CQl) target was set to
achieve a microbiological testing rate of 250% among hospitalized patients receiving systemic antimicrobial therapy.
Timeline and Strategy: In early January 2023, personnel from the Department of Hospital Infection Control conducted a comprehensive
baseline assessment and formally established the CQl Team. By late January, the team collaborated with relevant departments to identify
operational challenges, perform a root cause analysis, and develop targeted intervention strategies. The intervention plan was fully




implemented from February to June 2023. Outcomes were evaluated in June 2023, and the results were analyzed to determine areas of
success and identify remaining gaps.

Implementation

Based on the findings of the root cause analysis, a multifaceted intervention strategy was developed and implemented (Table 1). Key
components of the strategy included enhancements to institutional management structures and the promotion of cross-disciplinary
collaboration. A quality control team was established to monitor improvements in microbiological testing prior to antimicrobial initiation.
The team was led by the hospital Vice President and included representatives from the Departments of Hospital Infection Control,
Pharmacy, Medical Affairs, and the Microbiology Laboratory. Regular multi-departmental meetings were convened to monitor progress,
coordinate efforts, and refine operational procedures (Figure 2). Structured, tiered training programs were introduced to strengthen the
clinical knowledge of medical staff and improve compliance with microbiological testing protocols. Training modules were tailored to
specific clinical roles and delivered through multiple channels, including director briefings, head nurse meetings, and part-time staff
seminars. Training sessions focused on updating knowledge of hospital infection epidemiology and relevant clinical guidelines, as well
providing case-based analyses of non-compliant practices, particularly in departments with suboptimal performance. Multidisciplinar
collaboration was promoted to enhance clinical specimen submission and testing. The Pharmacy and Laboratory Departments jointl
educated physicians on diagnostic antimicrobial stewardship, rational antimicrobial use, and standardized specimen submission
procedures. The Hospital Infection Control Department revised the accountability framework to incorporate stricter perfor,

prior to the concomitant administration of critical antimicrobials. Relevant microbiological test items were also in rated |
appendix of the special action guide, supporting improved clinical decision-making.
Performance Indicators

The effectiveness of the FOCUS-PDCA model was assessed by comparing pre- and post-intervention pegf
indicators: (1) overall microbiological testing rate prior to antimicrobial therapy, (2) microbiological test
microbiological testing rate prior to the concomitant use of key antimicrobials.
Statistical Analysis

mance a
rate for

differences between independent groups were assessed using the two-sample t-test.
percentages, with group comparisons conducted using the chi-squared (x?) test. A twa
significant.

Results

Baseline Pre-Antimicrobial Therapy Microbiological Testing Rates
A baseline analysis was conducted to evaluate microbiological te
to the implementation of the FOCUS-PDCA quality improvement ed suboptimal compliance with diagnostic
stewardship standards, with all evaluated indicators falling below e National Special Action Guide. Specifically, the
overall microbiological testing rate prior to antimicrobial thera % (below the national target of 250%), the submission rate for
HAI diagnoses was 72.63% (below the recommended thres submission rate prior to concomitant use of key
antimicrobials was 89.76% (below the threshold of 100%)
Impact of Intervention on Overall Pre-Antimicrobial Ther
Following implementation of the FOCUS-PDCA-guide

of <0.05 was considered statistically

nts receiving systemic antimicrobial therapy prior

ical Testing Rates

ed significantly. The post-intervention submission rate reached
5% Cl, 0.63-0.65; p<0.001), demonstrating enhanced compliance with

esting
rate for etiological specimens associated with suspected or confirmed HAl increased to 90%,
ment was statistically significant (OR: 0.81; 95% Cl, 0.74-0.88; p<0.001), meeting the

Impact of Intervention on Microbiologi
Post-intervention, the microbiologi

Impact of Intervention on M al Testing Rates Prior to Concomitant Use of Key Antimicrobials

The microbiological tes concomitant use of key antimicrobials increased from 89.76% at baseline to 96.47% post-
intervention. This diff istically significant (OR: 0.91; 95% Cl, 0.88-0.95; p<0.001), indicating improved compliance with
antimicrobial steward high-risk antibiotic regimens (Table 5).

Discussion

Global anti as been steadily increasing, with a reported 90.9% rise in per capita use between 2000 and 2015/, This
o widespread antimicrobial misuse and the escalating problem of antimicrobial resistance (AMR). Antimicrobial-
en associated with approximately 4.95 million deaths globally®®, highlighting the urgent need for effective

strategies. Consequently, antimicrobial stewardship has become a global health priority, emphasizing the

“Despite this, improving microbiological testing rates prior to antimicrobial therapy remains a significant challenge. Most existing
in this area are descriptive and provide limited evaluations of structured, evidence-based interventions®- To address this gap, the
sent study employed the FOCUS-PDCA cycle model, a structured framework for CQl first introduced in the United States in the 1990s, to
hance microbiological testing rates prior to antimicrobial therapy. This comprehensive framework facilitates root cause analysis,
targeted intervention design, and systematic performance evaluation, thereby optimizing healthcare process!®”l. The FOCUS-PDCA model
extends the traditional PDCA cycle by incorporating five additional preparatory steps.

In this study, the FOCUS-PDCA cycle model was systematically applied to improve the submission rate of microbiological specimens prior to
antimicrobial therapy. Key interventions included identifying factors influencing testing rates, revising submission workflows, developing
and implementing tailored interventions, providing specialized training for healthcare professionals, optimizing information systems, and
introducing performance-based accountability mechanisms. These multifaceted initiatives significantly increased the overall
microbiological testing rate from 44.29% to 69.94%, surpassing the national special action improvement target of 50%. The post-



intervention rate of 69.94% was also substantially higher than the 43.23% average reported by tertiary general hospitals in the National
Sentinel Hospital Information Monitoring System in 2022, However, these rates remained lower than those reported in international
settings®.. Additionally, the microbiological testing rate for HAl-associated diagnoses reached 90%, meeting the national standard of
>90.00%.

Similarly, the submission rate prior to the concomitant use of key antibiotics increased to 96.47% post-intervention. While this represents a
notable improvement, it remains below the 100% target set by the National Health Commission. This shortfall may be attributed to
persistent reliance on empirical antibacterial therapy—particularly in urgent or severe cases—a lack of clinician awareness regarding the
timing and clinical importance of pathogen collection before treatment, and prevailing misconceptions that diminish the perceived value of
routine microbiological testing. In some instances, specimens are submitted without clear diagnostic rationale or with poor coordination
between sampling and antimicrobial administration, leading to delays, reduced diagnostic utility, and non-compliance with submission
standards. Effective management of bacterial infections depends on the timely collection and processing of microbiological specimens,
including pathogen isolation, cultivation, and identification, and antimicrobial susceptibility testing. Results from susceptibility testing
provide the basis for precise antimicrobial selection and individualized patient management. Furthermore, routine microbiological
specimen submission plays a critical role in the early detection of multidrug-resistant bacteria and other clinically significant pathoge
enabling timely infection prevention and control measures and improving outcomes for both individual patients and the healt!

rational antibiotic prescribing is essential for combating AMR and improving healthcare quality.

Study Limitations

This study has some limitations. The post-intervention observation period was shorter than the pre-inter
introduced bias in outcome comparisons. Therefore, the effectiveness of the proposed management mg
and validation through long-term, multicenter studies to provide more robust and generalizable evide
Conclusion
The systematic implementation of the FOCUS-PDCA quality improvement model—supp0o
collaboration and enhanced integration of information technology into clinical workflows
rates prior to the initiation of antimicrobial therapy in hospitalized patients. These impg
are critical for promoting evidence-based antimicrobial prescribing, which helps combat/AMR and
and overall healthcare quality. Ongoing refinement and expansion of these strategies a
national and international standards for diagnostic and antimicrobial steward

d by coordinated
pificantly improvédimicrobiological testing
in diagnostic antiicrobial stewardship
imately enhances patient outcomes
sure sustained compliance with
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Ethics
Ethics Committee Approval:
Informed Consent:

Footnotes

Authorship Contributions
Surgical and Medical Practices: T.C., H.G., Concept: L.Z., De
T.C., H.G., Literature Search: T.J., Writing: T.C.
Conflict of Interest: No conflict of interest was d

*During the preparation of this work t
edited the content as neededand ta

References
1. National Institut

2. seng KK, Sharland M, Gandra S, Pulcini C, Laxminarayan R. Assessment of WHO antibiotic
argets in 76 countries, 2000-15: an analysis of pharmaceutical sales data. Lancet Infect Dis.
3. e Collaborators. Global burden of bacterial antimicrobial resistance in 2019: a systematic analysis. Lancet.

):629-55.
, Zheng F, Wang L, Yu T. Clinicians' intention to submit microbiological pathogenic test before antibiotics use and

nett J, Hou R, Traverson L, Ridde V, Zinszer K, Chabrol F. Lessons learned from the resilience of Chinese hospitals to the

-19 pandemic: scoping review. JMIRx Med. 2022;3(2):e31272.

Conen A, Raabe A, Schaller K, Fux CA, Vajkoczy P, Trampuz A. Management of neurosurgical implant-associated infections. Swiss

Med Wkly. 2020;150:w20208.

7. ¥ Sartelli M, Labricciosa FM, Coccolini F, Coimbra R, Abu-Zidan FM, Ansaloni L, Al-Hasan MN, Ansari S, Barie PS, Cainzos MA,
Ceresoli M, Chiarugi M, Claridge JA, Cicuttin E, Dellinger EP, Fry DE, Guirao X, Hardcastle TC, Hecker A, Leppaniemi AK, Litvin A,
Marwah S, Maseda E, Mazuski JE, Memish ZA, Kirkpatrick AW, Pagani L, Podda M, Rasa HK, Sakakushev BE, Sawyer RG, Tumietto
F, Xiao Y, Aboubreeg WF, Adamou H, Akhmeteli L, Akin E, Alberio MG, Alconchel F, Magagi |A, Aratiz AB, Argenio G, Atanasov BC,
Atici SD, Awad SS, Baili E, Bains L, Bala M, Baraket O, Baral S, Belskii VA, Benboubker M, Ben-Ishay O, Bordoni P, Boumédiéne A,
Brisinda G, Cavazzuti L, Chandy SJ, Chiarello MM, Cillara N, Clarizia G, Cocuz ME, Cocuz IG, Conti L, Coppola R, Cui Y, Czepiel J,
D'Acapito F, Damaskos D, Das K, De Simone B, Delibegovic S, Demetrashvili Z, Detanac DS, Dhingra S, Di Bella S, Dimitrov EN,
Dogjani A, D'Oria M, Dumitru IM, ElImangory MM, Enciu O, Fantoni M, Filipescu D, Fleres F, Foghetti D, Fransvea P, Gachabayov
M, Galeiras R, Gattuso G, Ghannam WM, Ghisetti V, Giraudo G, Gonfa KB, Gonullu E, Hamad YTEY, Hecker M, Isik A, Ismail N,
Ismail A, Jain SA, Kanj SS, Kapoor G, Karaiskos I, Kavalakat AJ, Kenig J, Khamis F, Khokha V, Kiguba R, Kim JI, Kobe Y, Kok KYY,
Kovacevic BM, Kryvoruchko IA, Kuriyama A, Landaluce-Olavarria A, Lasithiotakis K, Lohsiriwat V, Lostoridis E, Luppi D, Vega GMM,


https://www.qiluhospital.com/uploadfile/2022/0120/20220120105510227.pdf

Maegele M, Marinis A, Martines G, Martinez-Pérez A, Massalou D, Mesina C, Metan G, Miranda-Novales MG, Mishra SK,
Mohamed MIH, Mohamedahmed AYY, Mora-Guzman |, Mulita F, Musina AM, Navsaria PH, Negoi I, Nita GE, O'Connor DB,
Ordofiez CA, Pantalone D, Panyko A, Papadopoulos A, Pararas N, Pata F, Patel T, Pellino G, Perra T, Perrone G, Pesce A, Pintar T,
Popivanov Gl, Porcu A, Quiodettis MA, Rahim R, Mitul AR, Reichert M, Rems M, Campbell GYR, Rocha-Pereira N, Rodrigues G,
Villamil GER, Rossi S, Sall I, Kafil HS, Sasia D, Seni J, Seretis C, Serradilla-Martin M, Shelat VG, Siribumrungwong B, Slavchev M,
Solaini L, Tan BK, Tarasconi A, Tartaglia D, Toma EA, Tomadze G, Toro A, Tovani-Palone MR, van Goor H, Vasilescu A, Vereczkei A,
Veroux M, Weckmann SA, Widmer LW, Yahya A, Zachariah SK, Zakaria AD, Zubareva N, Zuidema WP, Di Carlo I, Cortese F, Baiocchi
GL, Maier RV, Catena F. It is time to define an organizational model for the prevention and management of infections along the
surgical pathway: a worldwide cross-sectional survey. World J Emerg Surg. 2022;17(1):17.

8. Xu(, Lai X, Xu M, Tan K, Nie L, Chen Z, He Y, Tan L. Effect of multi-disciplinary cooperation mode on raising etiological submission
rate of hospitalized patients before antibiotic therapy. Chin J Nosocomiol. 2023;33:3321-6.

9.  Skodvin B, Wathne JS, Lindemann PC, Harthug S, Nilsen RM, Charani E, Syre H, Kittang BR, Kleppe LKS, Smith I. Use of
microbiology tests in the era of increasing AMR rates- a multicentre hospital cohort study. Antimicrob Resist Infect Control

2019;8:28.

FiGUR AGCIKLAMALARINI KIRPAR MISIN

Personnel-related System

\n«:orrccl information capture

Tumover patients could

Training is not in place \Nnx enough attention
The awareness rate \ Not familiar with the
of special action is low \ pathogen testing project
I Feedback processing n/ The work plan is not '
he system is not sound

not timely well

/ The workflow is not detailed

Documentation-related

not be_screened

Lack of an incentive and

assessment mechanism

/

N Management-related

2 Figure | Reason Analysis of Quality Management
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Table 2. Pathological testing of hospitalized patients before intervention before antimicr
Number of test

Project

Antimicrobial use before
treatment

Diagnosis of nosocomial infection
was related

Combined use of key drugs

The total amount amounted to 23064 units, with 10502 units bei

Table 3. Pre-intervention and post-intervention microbiological

. Number of
Time
survey cases
Pre-intervention 22299
After intervention
12822

OR: Odds ratio, Cl: Confidence interval

Table 4. Intervention-related changes i

the intervention
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Time
survey case
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After intervention
OR: Odds ratio, Cl: Co
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469

Number of cases se
inspection beforeh
9875

8839

rate (%)

Department
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. January— Clinical
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Hospital infection
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- . Hospital
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Hospital infection Hospital
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Hospital infection
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Information section
Hospital infection
department, April .
P o P section
Information section
Hospital infection nformation
department section
use
ore use = The'iaspection rate is (%)
44.29
72.63
89.76

resenting a utilization rate of 45.53%

re antibiotic use in hospitalized patients

X2 value OR (95% Cl) p value

1987.49 1 <0.001

0.64 (0.63-0.65)

H 0, 2 ()
eforehand Inspection rate (%) = x?value | OR (95% Cl) p value
5 72.63 15.84 1 <0.001
90 0.81 (0.74-0.88)
|
ore and after intervention for combined use of key antibiotics
Number of cases sent for
1 ti te (¥ 2 val R % CI |
inspection beforehand nspection rate (%) x2value = OR (95% Cl) p value
412 89.76 22.39 1 <0.001
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