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A R T I C L E  I N F O  ABSTRACT 

SYSTEMATIC REVIEW 
 Introduction: Solid waste from healthcare centers is a major health and 

environmental challenge that imposes significant costs on the healthcare 

system. 

Methods: This systematic review was conducted following the PRISMA 

guidelines. A comprehensive search was conducted in the PubMed, Scopus, 

and Web of Science databases using keywords related to healthcare waste 

reduction, and Google Scholar was used as a supplementary source. Original 

quantitative, qualitative, and mixed-method studies examining waste reduction 

interventions in healthcare settings were included. The quality of the studies 

was assessed using the Newcastle Ottawa scale, and only studies with 

moderate to high quality were included in the final synthesis of results. The 

data were analyzed narratively and descriptively. 

Results: Twelve studies were included in the review. The results showed that 

educational and management interventions, such as implementing 

comprehensive quality management models, pharmaceutical interventions, 

such as prescription review, use of multi-dose vials, and rounding of drug 

doses, as well as redesigning hospital nutrition services and employing safe 

technologies and alternatives, resulted in significant waste reduction and cost 

savings. Among these, pharmacy bundles and targeted staff training were the 

most effective interventions. 

Conclusion: This review found that various strategies have been used to 

reduce healthcare waste in different countries, with pharmaceutical packaging 

optimization and educational programs showing the greatest effectiveness. 

However, there is still a need for larger intervention studies and evaluations of 

long-term clinical and economic outcomes. 
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Introduction 

One of the increasing challenges in public health 

is the effective management of waste generated by 

healthcare services. Healthcare waste (HCW) 

includes a diverse array of materials produced 

during diagnostic, therapeutic, caregiving, research, 

and educational activities in hospitals, laboratories, 

and clinics 1. Based on their nature, these wastes are 

generally divided into two main categories: non-

hazardous waste (approximately 75–85%) and 

hazardous waste (15–25%), which includes 

infectious, chemical, pharmaceutical, radioactive, 

and sharp waste. Inadequate management of such 

waste poses serious risks to patients, healthcare 

workers, the community, and the environment 2, 3. 

Factors such as population growth, expansion of 

healthcare facilities, advances in medical 

technology, and increased use of disposable 

equipment and pharmaceuticals have led to a 

continuous increase in the volume of medical 
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waste 4. According to international reports, the 

average generation of medical waste in hospitals 

ranges from 0.5 to 3 kg per bed per day, with 

healthcare facilities in developing countries often 

exceeding international standards 5. In many cases, 

improper segregation and insufficient awareness 

among healthcare personnel result in non-

hazardous waste being incorrectly classified as 

hazardous, thereby increasing disposal costs and 

environmental impact 6. 

Given the far-reaching consequences of medical 

waste on public health, occupational safety, 

healthcare costs, and the environment, the adoption 

of strategies for waste minimization at the source 

and enhancement of waste management practices 

within health systems have become increasingly 

critical 7. Waste minimization refers to reducing 

waste generation, improving resource efficiency, 

recycling reusable materials, and adopting safer 

and environmentally friendly alternatives in 

healthcare. These measures not only reduce the 

direct costs of waste disposal but also minimize the 

risks of infection transmission, environmental 

pollution, and exposure of healthcare staff to 

hazardous agents 8. 

Various studies have explored strategies for 

minimizing healthcare waste 9. These strategies 

include proper waste segregation at the point of 

generation, staff education and empowerment, the 

use of cleaner technologies, rational planning for 

drug and food consumption, reducing the frequency 

of injectable drug preparation, redesigning clinical 

processes, substituting hazardous substances with 

safer alternatives, and implementing quality 

management systems such as TQM or Lean Six 

Sigma. Some of these interventions have been 

applied at the hospital level and have demonstrated 

significant reductions in both waste volume and 

management costs 10. However, despite remarkable 

progress in healthcare waste management, the lack 

of a comprehensive and systematic review of 

existing evidence on waste minimization strategies 

across different levels of healthcare services has 

resulted in fragmented information and limited 

practical guidance for policymakers and hospital 

managers 10. 

In contrast to previous reviews that broadly 

addressed healthcare waste management systems, 

the present study is distinguished by its specific 

focus on waste minimization at the source, within 

clinical service environments. To the best of our 

knowledge, this is the first systematic review to 

highlight and synthesize evidence on pharmacy 

bundles (including dose rounding, vial 

optimization, batching frequency, and pharmacist-

led review) and hospital food-service redesign as 

high-impact strategies for reducing healthcare 

waste. The methodological quality of the included 

studies was assessed using the standardized 

Newcastle  Ottawa Scale (NOS), and studies 

published up to 2025 were incorporated to ensure 

comprehensive and up-to-date coverage. Through 

this approach, a timely, evidence-based, and 

operational synthesis was developed to support 

hospitals and policymakers in advancing waste 

reduction practices beyond traditional segregation 

methods.  Therefore, this study aimed to 

systematically review the published evidence on 

strategies to minimize healthcare waste, categorize 

intervention types, evaluate their outcomes, and 

identify existing gaps to support informed 

decision-making and policy development. 

Materials and Methods 

This study followed the PRISMA guidelines for 

systematic reviews; however, owing to the 

heterogeneity among the included studies, a meta-

analysis was not conducted 11. 

Search Strategy 

A comprehensive and systematic search was 

conducted to identify relevant studies on strategies 

for healthcare waste minimization published 

between January 2000 and March 2025. Searches 

were performed in PubMed, Scopus, and the Web 

of Science. Google Scholar was used as a 

supplementary source to identify potentially 

missed studies.  The search strategy combined 

controlled vocabulary and free-text terms, 

including  “healthcare waste,” “healthcare solid 

waste,” “biomedical waste,” “waste minimization,” 

“waste reduction,” “waste prevention,” “clean 

technology,” “interventions,” “waste segregation in 
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healthcare,” “sharps waste management,” and 

“strategy.” The reference lists of the included 

studies were manually screened using a 

snowballing technique. Non-English studies were 

included only when full-text translations were 

available. 

Study Selection 

This review focused on strategies to minimize 

healthcare waste at the source within clinical service 

environments. The scope included six waste 

categories: clinical/infectious, pharmaceutical, 

chemical, radioactive, sharps, and food service 

waste. Eligible studies were conducted in healthcare 

delivery settings, such as hospitals, clinics, dialysis 

centers, and ambulatory surgical centers. Original 

quantitative, qualitative, or mixed-method studies 

were included if they evaluated at least one 

intervention designed to reduce waste generation or 

improve resource efficiency, segregation, or cost 

outcomes.  Studies were excluded if they addressed 

non-medical or municipal waste streams, lacked an 

intervention component, or were review articles, 

editorials, letters, conference abstracts, or studies 

with insufficient or non-extractable data. A 

PRISMA flow diagram summarizes the selection 

process, including the reasons for exclusion at the 

full-text review stage (Figure. 1). 

Data Extraction 

Data extraction was performed independently by 

two reviewers using a predefined template to 

ensure consistency of the results. The extracted 

items included study author, year, country, 

healthcare setting, study design, sample 

characteristics (where applicable), waste type and 

source, intervention description, implementation 

requirements, outcomes (e.g., change in waste 

volume, cost, segregation quality, resource 

efficiency), reported implementation barriers and 

study limitations. Any discrepancies were resolved 

through discussion, and unresolved conflicts were 

adjudicated by a third reviewer if necessary. 

Because the included studies varied substantially 

in terms of design, intervention structure, outcome 

definitions, measurement tools, and reporting 

formats, statistical pooling was not feasible. 

Therefore, we used a narrative synthesis approach 

to summarize the findings across four predefined 

domains. This method allowed us to account for 

heterogeneity and highlight convergent evidence 

while preserving the contextual details across 

studies. 

Quality Assessment 

The methodological quality and risk of bias for 

the included observational and interventional 

studies were assessed using the Newcastle–Ottawa 

Scale (NOS), which evaluates three domains: (1) 

selection of participants, (2) comparability of study 

groups, and (3) measurement of outcome/exposure. 

Each study was scored between 0 and 9. Two 

reviewers independently performed the 

assessments, and discrepancies were resolved 

through discussion. All included studies scored 

between 7 and 9, indicating moderate to high 

methodological quality; therefore, none were 

excluded for insufficient quality. 

Data combination 

Owing to heterogeneity in study design, 

intervention type, and outcome measures, a 

narrative synthesis approach was used. The findings 

were categorized into four intervention categories: 

educational and management interventions, 

pharmaceutical interventions, hospital nutritional 

interventions, and technological and environmental 

interventions. The results are presented descriptively 

in tables, including study characteristics, quality 

assessment, interventions, and outcomes; no meta-

analysis was performed  12. 

Results 

A total of 226 records were identified through 

database searches. After removing 98 duplicates, 

128 records remained for further screening. Of 

these, 14 review articles and 13 studies with 

incomplete data were excluded from the analysis. 

The full texts of 101 articles were then assessed for 

eligibility, and 88 were excluded because they 

primarily focused on post-generation waste 

segregation rather than on source-minimization 

strategies. Ultimately, 13 studies met the inclusion 

criteria and were included in this systematic review 

(Figure. 1). 
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Figure 1: Flowchart of the articles included in the present study. 

 

Table 1 summarizes the quality assessment 

results of the 13 studies. Overall, the NOS scores 

ranged from 7 to 9, indicating moderate to high 

methodological quality. The highest score (9) was 

reported in the studies by Wulandari (2015) and 

Harada (2024), reflecting a stronger design and 

reporting. In contrast, Eagan (2002), Mosquera 

(2014), Toerper (2014), and McCray (2018) scored 

7, reflecting relative limitations, particularly in the 

comparability and outcome/exposure domains. 

Nevertheless, all the included studies met at least 

the minimum quality standards for inclusion in the 

final analysis. 

 

Table 1: Quality Assessment of Included Studies 

Author Year Selection Comparability Outcome/Exposure Total Score Ref 

Eagan et al. (2002) 3 1 3 7 13 

Askarian et al. (2010) 3 2 3 8 14 

Maroufi et al. (2012) 4 2 2 8 15 

Mosquera et al. (2014) 3 1 3 7 16 

Toerper et al. (2014) 3 1 3 7 17 

Fasola et al. (2014) 3 2 3 8 18 

Wulandari et al. (2015) 4 2 3 9 19 

Abbasi et al. (2017) 3 2 3 8 20 

McCray et al. (2018) 4 1 2 7 21 

Yamada et al. (2020) 3 2 3 8 22 

Yamada et al. (2023) 3 2 3 8 23 

Harada et al. (2024) 4 2 3 9 24 

 

Table 2 presents the main characteristics of the 

13 studies included in this systematic review. 

These studies were conducted in diverse countries, 

including Iran, Indonesia, Italy, Japan, Australia, 

Spain, Israel, and the United States. Various study 

designs, including cross-sectional, interventional, 

retrospective, and simulation-based, have been 

employed to evaluate waste minimization 

Studies included in 

Qualitative synthesis (n= 12) 

Records excluded via screening 

title and abstract (n=88) 

  

Full-text articles excluded, with 

reasons 

review papers, (n=14) 

No relevant data (n=13): 

Excluded because they lacked 

extractable data on source-

reduction interventions 
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interventions in hospital and clinical settings. The 

types of healthcare waste assessed across the 

studies included pharmaceutical, infectious, 

chemical, radioactive, sharps, and food waste. This 

diversity reflects the wide range of challenges and 

strategies applied in healthcare waste management 

across middle- and high-income countries . 

 

Table 2: Characteristics and Key Findings of Included Studies on Health Care Waste Minimization Strategies 

Ref Country Study design Setting Waste type(s) studied 
13 USA Case study 9 hospitals and clinics Chemical 

14 Iran 
Interventional (before–

after) 

Namazi Hospital (600 beds, 

85% occupancy) 
Infectious, non-infectious, and sharps 

15 Iran 
Descriptive cross-

sectional 
Public and private hospitals Sharps, radioactive, chemical 

16 Spain Quasi-experimental One specialty hospital 
Pharmaceutical, sharps, radioactive, 

chemical 

17 USA 
Pre–and intervention 

with simulation 

Children’s Hospital (205 

beds) 
Pharmaceutical 

18 Italy 
Retrospective 

interventional 

Oncology ward, Udine 

University Hospital 
Pharmaceutical 

19 Indonesia 
Descriptive cross-

sectional 
Public hospital 

Infectious, pharmaceutical, pathological, 

sharps, chemical, radioactive 

20 USA 
Two-stage single-group 

intervention 
One private hospital Pharmaceutical 

21 Australia 
Retrospective 

comparative study 
One public hospital Food waste 

22 Japan Observational pre–post Gifu University Hospital Pharmaceutical 

23 Japan 
Retrospective 

comparative study 
Two public hospitals Pharmaceutical 

24 Japan 
Retrospective 

observational 

Ashigaragami and Ogaki 

hospitals 
Pharmaceutical 

 

Table 3 summarizes the interventions, outcome 

measures, key findings, and limitations reported in 

the 13 studies included in this review. A wide range 

of strategies have been applied in different 

healthcare settings to minimize medical waste.  The 

findings indicate that educational and managerial 

interventions,  such as the implementation of Total 

Quality Management (TQM) models, staff training, 

improvement of WHO guidelines, and awareness-

raising sessions,  led to significant reductions in both 

infectious and non-infectious waste, while also 

improving the quality of waste segregation 14-16.  

Pharmacy-related interventions, including 

adjustments in drug preparation frequency, the use 

of multi-dose vials, dose rounding, and prescription 

review by pharmacists, were highly effective in 

reducing pharmaceutical waste and achieving 

substantial cost savings 17, 18, 20, 22-24. These findings 

highlight the value of pharmacy bundles (integrated 

sets of clinical and managerial interventions) for 

optimizing drug utilization.  Hospital nutrition 

interventions, such as redesigning food services and 

involving nutritionists, not only reduce food waste 

but also enhance patient satisfaction and lower 

dietary costs 21.  Technological and environmental 

interventions, including the substitution of 

hazardous chemicals, limited reuse of certain 

equipment, and application of environmental impact 

assessment tools, have contributed to reductions in 

hazardous waste and improvements in staff safety 13, 

19.  Overall, this review suggests that multifaceted 

interventions, particularly the integration of 

educational, managerial, pharmaceutical, and 

nutritional strategies, are the most effective 

approaches for reducing waste volume and cost in 

hospitals. The use of multidimensional approaches 

and pharmacy bundles appears to yield sustainable 

and generalizable results. 
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Table 3: Summary of Interventions, Outcome Indicators, Key Findings, and Limitations of Included Studies 

Author 
Intervention  

Category 

Targeted  

Waste 
Intervention / Strategy 

Outcome Measurement 

Indicators 
Key Findings Limitations Ref 

Eagan et al. 

(2002) 

Educational and 

Managerial 

Interventions / 

Technological and 

Environmental 

Interventions 

Chemical 

Use of the HCEPT tool for 

selecting low environmental 

impact products 

- Amount of mercury 

removed (g) 

- Staff awareness level 

(questionnaire) 

- Continuity of tool usage 

in centers 

Removal of 1,084 g of 

mercury in 2 centers; 

increased staff awareness; 

continued use in 5 out of 9 

centers 

Small sample size, 

voluntary participation 

(selection bias), limited 

generalizability 

13 

Askarian et 

al. (2010) 

Educational and 

Managerial 

Interventions 

Infectious, Non-

infectious 

Implementation of TQM with 

FOCUS-PDCA model (waste 

redefinition, 10 training sessions, 

posters and brochures, container 

recoding) 

- Waste weight 

(kg/bed/day) 

- % of infectious/non-

infectious waste 

(pre/post) 

- Cost (USD) 

Reduction from 6.67 to 5.92 

kg/bed/day; 26% reduction 

in infectious waste; 26% 

cost savings 

Single hospital; one-

month follow-up; 

sustainability or 

infection assessment not 

conducted 

14 

Maroufi et 

al. (2012) 

Educational and 

Managerial 

Interventions 

Infectious, 

Chemical 

Implementation of the WHO 

waste management guidelines by 

staff 

- Staff awareness level 

(questionnaire) 

- Waste weight 

(kg/ward/day) 

Significant improvement in 

awareness; reduced waste 

generation in some wards 

Self-reported data; 

limited generalizability 
15 

Mosquera 

et al. 

(2014) 

Educational and 

Managerial 

Interventions / 

Technological and 

Environmental 

Interventions 

Pharmaceutical, 

Infectious, 

Chemical 

Educational sessions on 

segregation of healthcare waste 

(HCW) 

Waste volume, financial 

savings, segregation 

quality 

6.2% reduction in waste 

volume; €125,205 saved; 

improved segregation 

Single hospital; short 

follow-up period 
16 

Toerper et 

al. (2014) 

Pharmaceutical 

Interventions 
Pharmaceutical 

Change from once to three times 

daily preparation of injectable 

drugs; simulation of 108 batching 

schedules using an algorithm 

Drug waste rate, annual 

savings 

Waste reduced from 28.7% 

to 19.7%; annual savings of 

$183,380; best results at ≥2 

preparations/day. 

Single hospital; 

simulation limitations; 

logistical and workforce 

effects not assessed 

17 

Fasola et al. 

(2014) 

Pharmaceutical 

Interventions / 

Educational and 

Managerial 

Interventions 

Pharmaceutical 

Protocol from Jan 2006: weekly 

scheduling of drug 

administration, multi-dose vials 

with stability up to 24h, dose 

rounding ±5%, optimal vial size 

selection 

Annual/monthly 

pharmaceutical waste 

cost, trends in expensive 

drug use, and waste 

45% reduction in 

pharmaceutical waste cost; 

~30% reduction in high-cost 

drug expenses 

Patient clinical outcomes 

not assessed; market-

dependent; limited 

generalizability 

18 
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Author 
Intervention  

Category 

Targeted  

Waste 
Intervention / Strategy 

Outcome Measurement 

Indicators 
Key Findings Limitations Ref 

Wulandari 

et al. 

(2015) 

Educational and 

Managerial 

Interventions / 

Technological and 

Environmental 

Interventions 

Infectious, 

Pharmaceutical, 

Chemical 

Segregation, cleaning, preventive 

maintenance; clean technology 

(esp. radiology); replacement of 

disinfectants (Renalin vs. 

formalin); limited reuse (dialysis 

bottles, glassware) 

Waste generation 

(kg/bed/day) 

0.9 kg/bed/day with 64% 

occupancy; effective reuse 

in dialysis; reduced 

hazardous waste via 

targeted purchasing 

No recycling; limited 

reuse; single hospital; 

legal/economic 

constraints; no long-term 

evaluation 

19 

Abbasi et 

al. (2017) 

Pharmaceutical 

Interventions 
Pharmaceutical 

Change in sterile compounding 

batching frequency (2x → 

4x/day) with 8-day washout 

Number of wasted CSPs 

and cost 

CSPs reduced from 97 to 

83; decrease in low-cost 

drugs, increase in high-cost 

drugs; cost savings for low-

cost drugs 

Single-center, non-

randomized, 7-day 

study, only drug/solvent 

costs included, staff 

costs not assessed. 

20 

McCray et 

al. (2018) 

Hospital Nutrition 

Interventions 
Food 

Implementation of redesigned 

food service model (RS) focusing 

on patient needs 

Food intake, plate waste, 

patient satisfaction, and 

food cost 

Plate waste  decreased from 

30% to 17%; patient 

satisfaction increased from 

75% to 98%; food cost ↓ 

28% 

Non-randomized design; 

limited reporting of 

model details 

21 

Yamada et 

al. (2020) 

Pharmaceutical 

Interventions 
Pharmaceutical 

Pharmacist-based eligibility 

review, dose reduction, drug 

discontinuation before preparation 

Drug discard rate, discard 

cost 

Discard rate  from 0.367% 

to 0.032%; cost ↓ from 

$18,562 to $3,622 

Single-center, short-term 

analysis, limited 

generalizability 

22 

Yamada et 

al. (2023) 

Pharmaceutical 

Interventions 
Pharmaceutical 

Added infection status check 

(fever   ≥  37.5°C, elevated 

CRP/WBC) to pharmacist 

checklist before preparation 

Drug discard 

rate/number; reasons; cost 

impact 

Discard rate from 0.288% to 

0.095% (P=0.013); 

infection-related discards 

from 11 to 1; improved 

efficiency. 

Retrospective design; 

single hospital; no direct 

patient-level outcomes 

23 

Harada et 

al. (2024) 

Pharmaceutical 

Interventions 
Pharmaceutical 

Evaluation of DVO (dose vial 

optimization) and DR (dose 

rounding) methods 

Drug waste and cost 

savings (DVO vs DR) 

DR eliminated gemcitabine 

waste in Ogaki hospital and 

leucovorin in both hospitals; 

overall, DR was more 

effective 

Two hospitals only; one-

year study; results may 

not generalize to all 

anticancer drugs/centers 

24 
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Discussion 

This study aimed to identify the most effective 

strategies for minimizing healthcare waste and 

enhancing its management. Our review is the first 

to highlight and synthesize evidence on pharmacy 

bundles (including dose rounding, vial 

optimization, batching frequency, and pharmacist-

led review) and hospital food service redesign as 

high-impact waste-minimization strategies. Our 

findings highlighted that the highest-impact 

intervention was focused on staff training coupled 

with a systematic reorganization of waste 

segregation procedures. This intervention does not 

require substantial financial investment and is 

particularly effective in reducing infectious waste 

and improving waste segregation management. Its 

main limitation lies in its strong dependence on 

continuous training and ongoing monitoring of 

staff behavior, as its effectiveness diminishes if 

attention and follow-up are reduced. Redesigning 

hospital food services was identified as another 

highly impactful strategy. This intervention not 

only reduced food waste but also improved patient 

satisfaction and led to substantial financial savings. 

However, it requires moderate upfront investment 

and structural changes in menus, ordering systems, 

and the presence of nutrition specialists in schools. 

Despite these initial costs, the return on investment 

becomes evident within a relatively short 

timeframe, highlighting its importance. 

The third-ranked intervention involves the 

substitution of hazardous substances and the 

adoption of clean technologies, such as the use of 

Renalin instead of formalin and the 

implementation of digital imaging systems. These 

interventions are particularly relevant from an 

environmental sustainability perspective, as they 

reduce chemical and hazardous waste and enhance 

the safety of the staff. However, their installation 

costs are relatively high, and the financial benefits 

vary depending on hospital-specific conditions. 

Finally, green procurement tools, such as 

HCEPT, represent a complementary strategy. Their 

impact is largely indirect and becomes apparent 

over the long term by eliminating hazardous 

substances and fostering a culture of sustainability 

within healthcare organizations. Although the 

implementation costs are relatively low, immediate 

financial returns are limited. Thus, this approach is 

best viewed as part of a broader institutional waste 

management program. 

Educational and managerial interventions 

For example, Mosquera (2014) in Spain 

demonstrated that targeted staff training in 

healthcare waste segregation reduced waste 

volume by 6.2%, generated substantial economic 

savings (> €125,000), and improved segregation 

quality 16. Similarly, Askarian et al.(2010) in Iran 

reported that staff training, policy revision, and 

redefinition of infectious and non-infectious waste 

categories led to a reduction of 0.75 kg of waste 

per bed per day and a 26% cost reduction 14. 

Pharmacy-related interventions 

Abbasi (2017) and Toerper (2014) in the United 

States showed that altering the drug preparation 

frequency significantly reduced pharmaceutical 

waste. Reducing the frequency of sterile 

compounding from four to two times daily lowered 

drug wastage and achieved notable cost savings. 

Simulation-based models in Toerper’s study 

demonstrated a decrease in waste rates from 28.7% 

to 19.7% and an annual saving of USD 183,380 17, 

20. Fasola (2014) in Italy found that the use of 

multi-dose vials, ±5% dose rounding, optimized 

vial selection, and weekly scheduling of 

chemotherapy administration reduced 

pharmaceutical waste costs by approximately 45% 
18. 

In Japan, a pharmacist-led protocol introduced in 

2020, which included reviewing patient conditions 

and the likelihood of dose reduction or treatment 

discontinuation before preparation, reduced drug 

discard rates from 0.367% to 0.032% and 

substantially reduced costs 22. Yamada (2023) 

further demonstrated that adding infection markers 

(fever, CRP, WBC) to pharmacists’ checklists 

significantly lowered drug wastage (from 0.288% to 

0.095%) 23. Harada (2024) compared “dose vial 

optimization (DVO)” and “dose rounding (DR)” in 

two Japanese hospitals and found that DR was more 

effective, even eliminating waste for some drugs 
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while reducing costs across different settings 24. 

Collectively, these findings highlight that 

pharmacy bundles—integrating DR, DVO, 

preparation scheduling, and pharmacist-led clinical 

review–are the most cost-effective and rapidly 

impactful interventions. They require minimal 

additional investment, relying primarily on 

protocol revisions, staff training, and 

interdisciplinary collaboration. 

Technological and environmental 

interventions 

Studies such as Wulandari (2015) and Askarian 

(2010) emphasize clean technology adoption, 

hazardous material substitution, and preventive 

maintenance. Key examples include replacing 

formalin with Renalin, introducing digital imaging, 

and returning expired drugs to the distributors. 

These measures reduced medical waste generation 

to approximately 0.9 kg per bed per day 14, 19. 

Limited reuse practices, such as reusing dialysis 

containers or glass bottles, have been noted in 

Indonesia; however, challenges such as regulatory 

barriers, contamination risks, quality control, and 

cost constraints hinder wider adoption 19. 

Hospital nutrition interventions 

McCray (2018) focused on food waste 

management by hiring nutritionists, analyzing 

menus, training staff, and redesigning food 

services. These interventions significantly reduced 

plate waste (from 30% to 17%), generated cost 

savings, and enhanced patient satisfaction 21. 

Limitations of Current Evidence 

Despite these encouraging results, several 

limitations were common across the studies. Most 

interventions were conducted in single-center 

settings with retrospective or nonrandomized 

designs. Most focused primarily on environmental 

and economic outcomes, with little attention to 

patient-centered clinical endpoints, staff safety, or 

long-term sustainability. Follow-up durations were 

often short, making it difficult to assess whether 

the interventions remained effective over time. As 

highlighted by Ali et al. (2017), waste management 

interventions in healthcare are often unsustainable 

unless embedded within organizational and 

cultural structures 25. 

Implications for Practice 

The findings of this review highlight several 

practical strategies for improving healthcare waste 

management in developing countries. Education 

and capacity building through structured staff 

training and the development of updated internal 

protocols can significantly enhance segregation 

practices and reduce the costs. In the area of 

pharmacy management, pharmacist-led protocols, 

dose rounding, vial optimization, and preparation 

scheduling have proven to be among the most 

effective interventions, leading to reduced 

pharmaceutical waste and rapid financial savings. 

The adoption of clean technologies, such as 

substituting hazardous substances like Renalin for 

formalin and using digital imaging, contributes to 

reducing hazardous waste and improving 

occupational safety. Hospital food management 

strategies, including menu redesign, greater 

involvement of nutritionists, and restructuring food 

services, help minimize food waste and 

simultaneously improve patient satisfaction. 

Finally, green procurement initiatives supported by 

tools such as the HCEPT provide an 

environmentally sustainable framework that fosters 

long-term cultural and systemic change. 

Conclusion 

This review demonstrates that the most effective 

and economically viable approach to hospital 

waste reduction is the implementation of pharmacy 

bundles consisting of four core components: dose 

rounding (DR), dose/vial optimization (DVO), 

scheduling of sterile preparation, and pharmacist-

led patient condition review using clinical 

checklists. Together, these strategies offer proven 

cost savings, straightforward implementation, and 

direct reduction of pharmaceutical waste. Evidence 

shows that this approach can achieve substantial 

percentage reductions in drug discard, annual 

savings in the six-figure range (USD/EUR), and 

even complete elimination of waste for certain 

medications. 
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