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ABSTRACT

Background: Antimicrobial effectiveness is in jeopardy because of the worldwide rapid development of
bacterial resistance. The crisis of antimicrobial resistance has been ascribed to the overuse and abuse of these
drugs as well as the lack of innovation by the pharmaceutical industry, thereby necessitating the requirement
for antimicrobial preservation. This study focuses on assessing the rationality and effectiveness of the
prescription of antimicrobials.

Objective: The study mainly focuses on the assessment of antimicrobial stewardship using 55 PDCA (Plan, Do,
Check and Act) methodology by observing the antimicrobial prescribing practices, comparing them to
established hospital standards, and identifying appropriate elements that are contributing to antimicrobial
stewardship program deviance.

Methods: A prospective observational study using 58 PDCA methodology to assess antimicrobial stewardship
was conducted in the department of orthopedics and plastic surgery in a major trauma care centre in Tamil
Nadu, India over a period of one year.

Result: In our study, implementation of the 5S PDCA methodology showed a marked reduction of deviations in
antibiotic practices. The antimicrobial usage pattern has been improved and the study helped in updating
institutional antibiotic policy. The major problems that are creating a subsequent deviation from the proper
conductance of antimicrobial stewardship programs have been sorted out by the study effectively.

Conclusion: The study concludes that there is a need for antimicrobial stewardship and the application of 5S
PDCA methodology is beneficial as the tool for improving every step in reducing the antimicrobial practice
deviations and improving the patient outcomes. The problems identified have been sorted out and improvement
strategies have been implemented which have helped in improving the patient outcomes. Correspondingly,
inappropriateness of antibiotic usage was reduced in sort phase from 53% to 25%, set in order phase from 48%
to 17 %, shine phase from 45% to 16%, standardize phase from 25% to 15% and sustain phase from 38% to
18%.
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INTRODUCTION

The middle of the 1950s marked the beginning of the antibiotic development era with the discovery of penicillin.
The advent of antimicrobials for clinical purposes was unquestionably the major healthcare accomplishment of
the twentieth century [1]. In just more than a century, antibiotics have revolutionized modern medicine
dramatically and extended relative lifespan of humans. Though, drug discovery has seen many advancements
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in its technology, including rational drug design, but has not resulted in development of novel antimicrobials
[2].

The present predicament of antimicrobial resistance (AMR) emanates from gradual decline in discovery and
development of antibiotics along with advent of drug resistance in several human diseases [1]. It is rare and
hard to anticipate that evolutionary processes give rise to new pathogen resistance factors but may be attributed
to enormous ramifications [3].

India was the biggest country to utilize antibiotics in field of healthcare in 2010, consuming 12.9x10° units of
antibiotics. The steadily rising percentage of methicillin-resistant staphylococcus aureus isolates in India is a
sign of growing AMR epidemic. Methicillin-resistant Staphylococcus aureus (MRSA) accounted for roughly
29% of isolates in 2008; by 2014, that number had increased to 47% [4]. The World Health Organization along
with various organizations, and research scholars all concur that public distribution of resistance is a critical
challenge that requires a worldwide organized plan of action to deal with, despite criticisms levelled at these
comb forecasts by others [5].

A coordinated initiative known as the Antimicrobial Stewardship Program (ASP) aims to enhance health of
patients, minimize microbial resistance, and stop spread of diseases caused by multidrug-resistant
microorganisms while also encouraging appropriate use of antimicrobials, including antibiotics. It can have a
greater advantage in critical care situation and drastically reduces cost and utilization of antibiotics. Moreover,
ASPs may minimize hospital stays generally and enhance management of infections driven by particular
microorganisms resistant to antibiotics [6, 7].

5S method is part of lean manufacturing methodology. In 1980s, Hiroyuki Hirano created technology in Japan.
According to Ho et al. (1995), 5S is an industrial approach that sets a company apart from opposition [8].

5 S indicates sort, set in order, shine, standardize, and sustain obtained from Japanese words Seiri, Seiton, Seiso,
Seiketsu, and Shitsuke.

> Seiri (Sort)

Making a distinction between what is necessary and what is not is the first step in 5S. After a clear distinction
has been made, deleting extraneous elements and handling them correctly can remove impediments and
facilitate manpower. Therefore, it will be better for any organization to start using 58S if they evaluate necessary
things about cost or other associated variables and designate spaces with red tags to hold needless items.

As regards our study, sort phase entails identifying deviations in antibiotic practices and their eradication by
considering assessment of antimicrobial stewardship.

> Seiton (Set in order)

Seiton, translated as "Set in Order" or "Streamline," means to make stewardship process methodically. As a
result, guidelines must be established to guarantee that each step in process is ensured. The orderly placement
of each step strives to enhance a seamless process of antimicrobial stewardship. Antibiotic usage is coordinated
in this period to minimize already resolved differences in first phase.

> Seiso (Shine)

The term "seiso" (meaning “clean”) refers to eliminating defects in stewardship process that improve overall
efficiency of it. ASPs were made more effective by resolving discrepancies in multiple ways; discussing issues
with appropriate healthcare professionals, presenting in committee meetings, and reporting discrepancies
proactively.

> Seiketsu (Standardize)

Seiketsu mandates that all procedures created by previous 3S be standardized and recorded. Seiketsu asked for
establishment of a cozy stewardship process to uphold a high quality of antibiotic practices in organization.
By creating protocols, running public education campaigns, amending regulations, and presenting observation
studies in medical audit meetings, stewardship process can be made more uniform.

> Shitsuke (Sustain)

The idea of on-site management is simple to put into practice, but it is still important to keep an eye on whether
personnel can carry out these tasks for an extended period. Sustainable development is referred to as shitsuke.
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The required discipline and training can assist in carrying out 5S steps and through routine auditing, point
prevalence investigations, and analysis of healthcare practitioners' adherence to protocol, ASPs can be achieved

[9].

MATERIALS AND METHODS

Aim of the study

To assess and improve antimicrobial stewardship practices by using the 5S PDCA methodology in a major
trauma care center.

Objective

e To observe and assess the effectiveness of antimicrobial stewardship practices within the hospital.

e Tomeasure the deviations from standards in the antibiotic usage pattern according to the institutions policy.
e To identify the root causes and eliminate the factors leading to discrepancies in the antimicrobial
stewardship practices.

e To improve the antibiotics utilization pattern by implementing 5S PDCA principles.

Study design: A prospective interventional study

Inclusion criteria

. All patients receiving antimicrobials irrespective of age, gender, type of infection, and type of wound
admitted for surgery.

. In-patients who stays not less than 24 hours

Exclusion criteria

. Patients who were not prescribed antimicrobials during hospitalization.

. Out-patients with antimicrobials.

. Patients admitted for other than surgical procedures.

Study site: Department of orthopedics, trauma, plastics, hand and micro surgery, in Ganga Hospital
Coimbatore, Tamilnadu, India.

Study duration: 12 months

Study population: Sample size: 1000

Data collection

Cases collected from different wards and high-risk areas such as ICU, and HDU and followed entire patients
who met an inclusion criteria from day one to till the day of discharge. The study period was divided into four
phases according to study methodology (5S PDCA). The data was collected using a well-structured data
collection form.

Data analysis

The collected data were analyzed by using 5S — PDCA assessment checklist.

Study procedure

The study is conducted in four phases - Plan, Do, Check and Act.

Plan Phase:

Primary assessment of the current situation of ASP (Antimicrobial Stewardship Practices) is a part of this phase.
The areas of enhancement were identified and selected. This phase includes a review of various literature related
to antimicrobial stewardship with 5S PDCA, then forming a data collection form for pilot study. The pilot study
took place in a small-scale setting where 100 cases were collected to observe appropriate usage of antibiotics
which stated few deviations in antimicrobial stewardship practices.

Do Phase:

Out of 1000 cases, 500 cases were collected in DO phase. The deviations of ASPs such as failing to adhere to
hospital antibiotic policy, inappropriate usage of higher-end antibiotics, administration of antibiotics for a longer
or shorter duration and insufficient knowledge on administration of loading and maintenance dose of antibiotics
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were observed which required further improvement. The assessment of improvement can be done by
implementation of 5S as a quality assessment tool.

Check Phase:

A vital stage in making decisions and determining next course of action is the check step. Checking of
improvement in antimicrobial stewardship was done by using the 5S checklist which was made according to
different phases of the 5S tool. Implementation of proposed action plan such as continuous training and
education to healthcare professionals, persistent auditing on antibiotics usage, and analyzing inappropriateness
of antibiotic usage were done and then 500 cases were collected in this phase.

Act Phase:

During the Act phase, crew records the findings and decides whether to accept or reject modifications. Preceding
check phase, additional action plans such as conducting regular meetings and discussions with antimicrobial
stewardship team, informing team physicians whenever a higher-end antibiotic is prescribed, following up on
stop orders of antibiotics to be followed to obtain a better improvement, results were compared using radar
chart.

A radar chart displays multiple data piled at same focal position along an axis. This makes it simple to
compare and assess several entities such as data obtained in Phase II and Phase III to obtain significant
information. Additionally, simple structure of the chart makes it extremely easy to create a complex,
multivariate data display.

RESULTS

Phases Description

In the planning phase, literature review and preparation of data collection form was done and data were
collected from patient’s case sheets and laboratory reports. The 5S Checklist for Monitoring ASP in depicted in
the table 1.

Table 1. 5S Checklist for Monitoring Antimicrobial Stewardship Program

SORT

a Antibiotic selection without considering
v Spectrum

v Site of infection

v Wound

v Surgery

v Antibiogram
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v Culture report review

a Justification for usage of antibiotic

" Prescribing antibiotics without infection or for a condition that doesn't need antibiotic
a Culture sensitivity report processing

" Improper review of ¢/s report

" Lag time

" Information sharing that is impartial between nurses and doctors
" Insufficient sophisticated reporting (MIC, zone of Inhibition)

" Improper rationale for sample request

" Insufficient knowledge regarding hospital antibiogram

a Guideline non-adherence

a Administration error

a Wrong selection of drug, dose, duration, and frequency

a Proper selection of antibiotic

Prophylactic

v Type of surgery
v Type of wound
Nature of suspected infection

Empirical
v Antibiogram review
v Spectrum

Specific
4 C/S review

4845



Frontiers in Health Informatics
ISSN-Online: 2676-7104

www.healthinformaticsjournal.com

v Drug selection based on the patient's clinical condition
a Processing of culture sample

. Justification for sample request

. Aseptic sample collection method

. Proper sample collection

. Sample transportation time

o Proper sample storage

a Processing of culture report

. Proper reporting of culture -EMR method

. On-time report generation

a Improved communication between nurses and doctors
a Proper history documentation

a Dose adjustment-iv to oral conversion, pk consideration
a Escalation/De-escalation

SHINE

a Presented in PTC

a Tracking the antibiotic practice discrepancies
a Tracking the adverse effects of antibiotics

a Education to healthcare professionals
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a Active participation of clinical pharmacists in antibiotic stewardship activities

STANDARDISE

a Preparation of protocol

a Antibiotic observation studies presented in medical audits

a Updation of antibiotic prophylaxis guidelines

a Classes for doctors
a Education program for laboratory staff
a Regular training classes enabled

SUSTAIN

a Regular auditing

a Antibiotic Stewardship Committee meeting

a Multiple antibiotic observational studies by trainees
a Monitoring clinical outcome

a Nurses’ adherence to protocol

a Monitor doctor’s adherence to protocol

The usage of various antibiotic classification such as cephalosporins, aminoglycosides, fluoroquinolones,
macrolides and carbapenems in phase II and phase III are depicted in table 2.
Table 2. Distribution of antibiotics based on usage (n=1000)

PHASE 11 PHASE 111
ANTIBIOTIC

No. of cases Percentage No. of cases Percentage

Cefuroxime 401 80.2 445 89
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Cefoperazone/sulbactam 59 11.8 31 6.2
Amikacin 84 16.8 43 8.6
Clindamycin 26 52 13 2.6
Piperacillin/tazobactam 92 18.4 74 14.8
Ofloxacin 19 3.8 7 1.4
Levofloxacin 6 1.2 3 0.6
Meropenem 30 6 19 3.8
Ciprofloxacin/tinidazole 2 0.4 3 0.6
Colistin 4 0.8 3 0.6
Vancomycin 2 0.4 4 0.8
Teicoplanin 11 2.2 5 1

Linezolid 26 52 13 2.6
Nitrofurantoin 4 0.8 4 0.8
Cephalexin 35 7 16 3.2
Ceftriaxone/sulbactam 3 0.6 3 0.6
Moxifloxacin 3 0.6 2 0.4
Metronidazole 16 3.2 9 1.8
Augmentin 33 6.6 26 52
Erythromycin 1 0.2 1 0.2
Doxycycline 3 0.6 1 0.2
Cefotaxime 0 0 1 0.2
Tigecycline 0 0 1 0.2

4848



Frontiers in Health Informatics www.healthinformaticsjournal.com
ISSN-Online: 2676-7104

2024; Vol 13: Issue 3 Open Access

Cefoperazone 1 0.2 1 0.2
Cephazolin 6 1.2 2 0.4
Ciprofloxacin 8 1.6 1 0.2
Cefixime 1 0.2 1 0.2
Imipenem 0 0 2 0.4
Ceftriaxone 1 0.2 1 0.2
Rifaximin 0 0 1 0.2
Clarithromycin 4 0.8 0 0

Cefuroxime axetil 4 0.8 0 0

Roxithromycin 1 0.2 0 0

Total 886 100 736 100

The antibiotic usage is followed on basis of culture reports, escalation or de-escalation after a positive culture
reports and to continue the same antibiotic when empirical antibiotic prescribed falls sensitive to the isolated
microorganism. This distribution in phase II is depicted in table 3 and figure 1.

PHASE 11

® ESCALATION

® DE-ESCALATION

® CONTINUATION OF SAME
ANTIBIOTIC

Figure 1. Escalation/De-Escalation Pattern in Phase 11

Implementation of the proposed action plan such as continuous training and education to healthcare
professionals, persistent auditing on antibiotics usage, and analyzing inappropriateness of antibiotic usages were
done after which data were collected in phase I1I which is demonstrated in table 3 and figure 2.
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Table 3. Escalation/De-Escalation pattern in Phase II (n= 500) and Phase I1I (n= 500)

PHASE 11 PHASE III

No. of Cases Percentage No. of Cases Percentage

Escalation 205 41% 229 45.90%
De-Escalation 125 25% 114 22.8%
Continuation of the same 170 34% 157 31.14%
antibiotic prescribed
PHASE III
® ESCALATION
‘ ® DE-ESCALATION
" * CONTINUATION OF SAME
ANTIBIOTIC

Figure 2. Escalation/De-Escalation Pattern in Phase 11

The data distribution of antibiotic utilization pattern such as prophylactic use, empirical use and specific use in
phase II and phase III are illustrated in below table 4.

Table 4. Antibiotic utilization pattern

ANTIBIOTIC PHASE 11 PHASE II (%) PHASE III PHASE III (%)
USAGE
Prophylactic 633 71.04 556 75.5
Empirical 184 20.6 137 18.61
Specific 43 5.8 74 8.3
Total 891 100 736 100

4850



Frontiers in Health Informatics www.healthinformaticsjournal.com
ISSN-Online: 2676-7104

2024; Vol 13: Issue 3 Open Access

The data collected in phase Il and phase III were implemented in 5S - sort, set in order, shine, standardize and
sustain to develop a radar chart which is illustrated in table 5 and figure 3.

Table 5. 5S Radar Chart

58S PHASE Il PHASE III
SORT 53 25
SET IN ORDER 48 17
SHINE 45 16
STANDARDISE 25 15
SUSTAIN 38 18
RADAR CHART

e===PHASE | e===PHASE 2

SORT
60
50 N
40
30
SUSTAIN 20, SET IN ORDER
STANDARDISE SHINE

Figure 3. 5S Radar Chart
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DISCUSSION

Clinical pharmacy services provided by hospitals often include regular ward visits, medication assessment of
patient charts, individual suggestions on medication utilization, and involvement of pharmacists in
providing professional guidance on medication handling during interdisciplinary visits to hospital wards. It has
been suggested that increased clinical pharmacy efforts in field of antimicrobial agents could help with
improving outcomes, encouraging antibiotic prescribing, reducing improper usage, and potentially slowing
emergence and distribution of resistance in context of the rising antimicrobial resistance [10 -14].

Similar to ASP activities, pharmacists examine medications as part of routine practice to confirm dosage,
diagnosis, consistency with standards, and interactions between drugs. Healthcare professionals such as
physicians and clinical pharmacists play a major role in improving ASPs by building greater communication
between them and having an understanding that ASPs are multi-focal which requires frequent monitoring and
consistent follow-up to create a stable standardization. The model would be one in which pharmacists lead and
carry out day-to-day activities, while physicians support their stewardship program from standpoint of
community wellness, available for regular patient evaluation and assistance as required [15].

a The most commonly used antibiotic was Cefuroxime (80.2% in Phase I and 89% in Phase II),

a Followed by Amikacin (16.8 % in Phase I and 8.6 in Phase 1I.) Piperacillin/Tazobactam (18.4% in
Phase I and 14.8% in Phase II) and Cefoperazone/Sulbactam (11.8% in Phase I and 6.2% in Phase II)
respectively.

Cefuroxime and Amikacin were prophylactic antibiotics of choice according to local surgical prophylaxis
antibiotic guidelines of the tertiary trauma care center. Piperacillin/Tazobactam and Cefoperazone/Sulbactam
were used in cases of re-infection or in cases that required a broader antibiotic coverage or as an empirical
therapy for infection cases.

The cases in which previous antibiotic selected and dose given were either not sensitive enough for infection
drug was found to be resistant or clinical scenario demanded an escalation. Efforts such as continuous training
and education to healthcare professionals, persistent auditing on antibiotics usage, analyzing inappropriateness
of antibiotic usage conducting regular meetings and discussions with antimicrobial stewardship team,
conducting regular meetings and discussion with antimicrobial stewardship team, informing team physicians
whenever a higher-end antibiotic is prescribed, follow up on stop orders of antibiotics were made to control
escalation rates and also to reduce usage of higher end antibiotics.

As the study was carried out in a prominent surgical setting, rise of prophylactic usage of antibiotics is
undoubtedly practiced followed by empirical usage in both phases for suspected infections. Our study aided in
the improvement of antibiotic utilization patterns which included strengthening the usage of prophylactic
antibiotics and an increase in selection of specific antibiotics after detecting specific micro-organism thereby
reducing the empirical usage of higher end antibiotics which turned out to have a major impact on hospital
antimicrobial stewardship practices.

CONCLUSION

The use of 5S PDCA approach in the study shows a significant decrease in deviations in good antibiotic
practices. The usage percentage of prophylactic antibiotics was strengthened from 71.04% (Phase 1I) to 75.5%
(Phase III), a reducing trend in empirical antibiotic usage was observed from 20.6% (Phase II) to 18.61% (Phase
IIT) and consistent improvement in usage of specific antibiotic was noticed from 5.8% (Phase II) to 8.3% (Phase
II). Through the implementation of 5S PDCA methodology, inappropriateness of antibiotic usage was reduced
in sort phase from 53% to 25% which is a 28% reduction in total deviations, set in order phase from 48% to 17
%, shine phase from 45% to 16%, standardize phase from 25% to 15% and sustain phase from 38% to 18%.
We deduced underlying causes and issues with antibiotic stewardship program from the study. Regular
auditing, point prevalence studies, observational audits, stewardship committee meetings, and other activities
helped to enhance the process.

As part of the study, effectiveness of antibiotic practice guidelines in the hospital was evaluated, and this
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evaluation assisted in updating antimicrobial policies. A significant improvement was observed in antibiotic
prescription patterns, usage patterns, policy adherence, and drug administration protocols.

Acknowledgments: Dr S Rajasabapathy — Chairman, Division of Plastic Surgery, Hands and Microsurgery and
Burns, Dr S Rajasekaran — Chairman, Division of Orthopedics, Spine and Trauma Surgery for giving approval
for the study and continuous encouragement. Dr Balavenkatasubramanian — Senior Consultant,
Anesthesiologist, Dr Balasubramanian — Chief Intensivist, Dr Bharathi Santhosh — Consultant, Microbiologist,
Dr Kensylin P — Clinical Pharmacist and all members of infection control and prevention team of Ganga
Hospitals for their timely support to complete the study.

Conflict of interest: None.
Financial support: None.

Ethics statement: Obtained from Institutional review board, Ganga Medical Centre and Hospitals Pvt Ltd,
Coimbatore — 641043, Tamil Nadu, India. (Registered with CDSCO, Regn No: ECR/1146/Inst/TN/2018,
NECR BHR Regn No: EC/NEW/INST/2020/1146)

IRB Application NO: 2022/01/03 Dated 03.01.2022

REFERENCES:

[1] Hutchings MI, Truman AW, Wilkinson B. Antibiotics: past, present and future. = Curr opin microbiol.
2019; 51:72-80.

[2] Durand GA, Raoult D, Dubourg G. Antibiotic discovery: history, methods and perspectives. Int J
Antimicrob Agents. 2019;53(4):371-82.

[3] Larsson DG, Flach CF. Antibiotic resistance in the environment. Nat Rev Microbiol. 2022;20(5):257-69.

[4] Taneja N, Sharma M. Antimicrobial resistance in the environment: The Indian scenario. Indian J Med Res.
2019;149(2):119-28.

[5] Murray CJ, Ikuta KS, Sharara F, Swetschinski L, Aguilar GR, Gray A, et al. Global burden of bacterial
antimicrobial resistance in 2019: a systematic analysis. Lancet. 2022;399(10325):629-55.

[6] Karanika S, Paudel S, Grigoras C, Kalbasi A, Mylonakis E. Systematic review and meta-analysis of clinical
and economic outcomes from the implementation of hospital-based antimicrobial stewardship programs.
Antimicrob Agents Chemother. 2016;60(8):4840-52.

[7] Huang LJ, Chen SJ, Hu YW, Liu CY, Wu PF, Sun SM, et al. The impact of antimicrobial stewardship
program designed to shorten antibiotics use on the incidence of resistant bacterial infections and mortality. Sci
Rep. 2022;12(1):913.

[8] Shahriar MM, Parvez MS, Islam MA, Talapatra S. Implementation of 5S in a plastic bag manufacturing
industry: A case study. Clean Eng Technol. 2022; 8:100488.

[9] Fan Z. Implementation of 5S Management in Battery Industry: A Case Study (Master's thesis, uis). 2021;
p.7-9.

[10] Dellinger RP, Rhodes A, Evans L, Alhazzani W, Beale R, Jaeschke R, et al. Surviving sepsis campaign.
Crit care med. 2023;51(4):431-44.

[11] Davey P, Brown E, Charani E, Fenelon L, Gould IM, Holmes A, et al. Interventions to improve antibiotic
prescribing practices for hospital inpatients. Cochrane Database Syst Rev. 2013(4).

4853



Frontiers in Health Informatics www.healthinformaticsjournal.com
ISSN-Online: 2676-7104

2024; Vol 13: Issue 3 Open Access

[12] Mol PG, Wieringa JE, Nannan Panday PV, Gans RO, Degener JE, Laseur M, et al. Improving compliance
with hospital antibiotic guidelines: a time-series intervention analysis. J Antimicrob Chemother.
2005;55(4):550-7.

[13] Loveday H, Pratt R, Pellowe CM, Tingle A, Harper PJ, Jones S, et al. Saving Lives—an epic quest to
promote an evidence-based approach for preventing healthcare-associated infections in the National Health
Service in England. VISTAS: Education, Economy and Community. 2011;1(1):74-89.

[14] Cooke J. Clostridium difficile infection: how to deal with the problem. Department of Health and Social
Care; 2019, p.60-5.

[15] Barlam TF, Childs E, Zieminski SA, Meshesha TM, Jones KE, Butler JM, et al. Perspectives of physician
and pharmacist stewards on successful antibiotic stewardship program implementation: a qualitative study.
Open Forum Infect Dis.2020;7(7):229.

4854



