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ABSTRACT 

Importance: In modern operating rooms, clean and unused medical supplies are 

routinely discarded and can be effectively recovered and redistributed abroad to alleviate 

the environmental burden of donor hospitals and generate substantial health benefits at 

resource-poor recipient institutions. 

Objective: To assess the potential nationwide economic and global public health impact 

of clean and unused medical supplies recovered and donated by US academic medical 

centers.  

Design: We established a recovery and donation program to collect clean and unused 

supplies for healthcare institutions in developing nations. We analyzed items donated 

over a three-year period (September 2010 - November 2013) by quantity and weight, and 

estimated the projected value of the program under potential nationwide participation. To 

capture the health benefits attributable to the donated supplies at recipient institutions, we 

partnered with two tertiary-care centers in Guayaquil, Ecuador and assessed the utility of 

donated supplies at these recipient institutions (October 2013). We determined the 

disability-adjusted life years (DALY) averted for all patients undergoing procedures 

involving donated items and estimated the annual attributable DALY as well as the cost 

per DALY averted both by supply and by procedure.  

Setting: Large non-rural US academic medical centers and medical centers in resource-

poor settings. 
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Participants: A sample of recovered and donated medical supplies were used for 

procedures on 37 patients during October 2013. 

Main Outcome Measures: Nationwide economic potential (USD) of 19 recoverable 

medical supplies; cost-utility (USD per DALY) of donated medical supplies. 

Results: Approximately 1.9 million lbs (861,961 kg) per year of medical supplies are 

recoverable from large non-rural US academic medical centers. Of these supplies, 19 

common categories represent a potential for donation worth US $15 million per year, at a 

cost-utility of US $2.14 per DALY averted. 

Conclusions and Relevance: Hospital operating rooms continue to represent a large 

source of recoverable medical supplies that have demonstrable health benefits in the 

recipient communities. Cost-effective recovery and need-based donation programs can 

significantly alleviate the global burden of surgical diseases. 
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INTRODUCTION 

Surgery is an essential public health intervention that may alleviate 11% of the global 

burden of disease, but surgical diseases remain an unmet need due mainly to limited local 

surgical capacity.1–3 Increasing attention has been placed on leveraging academic 

consortia to provide surgical care and training to health systems in low-and-middle-

income countries.4,5  

Although providing basic hospital services is a cost-effective solution to alleviate global 

surgical disease burden, the availability of surgical services is sparse throughout the 

developing world.6,7 The poorest third of the world’s population receives only 3.5% of 

the surgical operations undertaken worldwide.8 One well-recognized limitation in 

developing world hospitals and healthcare infrastructures is the lack of basic medical 

equipment.4,9–11 In contrast, healthcare systems in developed countries often have an 

overabundance of medical equipment and opened but unused materials are routinely 

discarded into the waste stream.12 

The past couple of decades have seen a plethora of recovery and donation organizations 

seeking to reduce waste in the United States and to alleviate the desperate need for 

material and human resources in developing world healthcare systems.13–15 However, 

little is known about the national potential for recoverable supplies and the attributable 

global health impact of these supplies when donated. These metrics are not only 

informative for global health advocacy but also may be incorporated into the design and 

assessment of intervention programs.   
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In this study, we sought to determine the national potential for recoverable supplies and 

the global bedside impact of donated equipment used in developing countries. We 

conducted a two-part study, beginning with a retrospective analysis of a medical supplies 

recovery and donation program to determine the economic impact from the donor 

institution. Then, we prospectively measured the cost-utility of our donated supplies at 

two international partner medical institutions to determine the bedside health benefits at 

the recipient institutions. 

METHODS 

This study is not human subjects research and we obtained approval for the review of 

supply and patient characteristics from the institutional review board at the Johns 

Hopkins Medical Institutions. This study conforms to the Declaration of Helsinki ethical 

principles for medical research. 

The program 

In 1991, we established the recovery and donation program Supporting Hospitals Abroad 

with Resources and Equipment (SHARE) to recover clean and unused medical supplies at 

the Johns Hopkins Hospital, and to donate these equipment to resource-poor healthcare 

institutions. We utilized donation guidelines from the World Health Organization to 

determine our collection criteria.16 For recovery by SHARE, items must not be used, 

damaged, or contaminated by blood, bodily fluids or other biological material. Close 

cooperation with nursing staff during surgical procedures allowed recovery of unused 

supplies that met criteria. Recovered supplies were sorted by Hopkins-affiliated 

volunteers trained in safety precautions including personal protective equipment.  
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SHARE leverages extensive partnerships with international humanitarian organizations 

that have demonstrated long-term relationships with healthcare institutions in developing 

nations and expertise in the distribution of medical equipment. Recipient hospitals are 

confirmed to have available sterilization capacity that meets institutional and/or country 

requirements.  

Measuring the extent of recoverable supplies 

In September 2010, we created a detailed database that tracked the recovery and donation 

process by shipment. Prior to each shipment, the description and weight of all items were 

recorded. Drawing from this database, a panel of three authors (ELW, MS, RZ) 

collaboratively compiled a list of 19 unique items most commonly recovered during the 

38-month data collection period. Seven authors (ELW, LX, MS, RZ, SC, TT, AY) 

independently verified the accuracy and consistency of all data entries. Verified value 

estimates and quantities were used to estimate total institution donation capacity and 

economic value of the 19 most common supplies. Using the most recent Nationwide 

Inpatient Sample (NIS) 2011 discharge data, Healthcare Cost and Utilization Project 

(HCUP), Agency for Healthcare Research and Quality database,17 we extrapolated our 

findings to the national level by identifying the number of hospitals comparable to our 

institution by three matching criteria: location (non-rural), teaching status (teaching) and 

hospital bedsize (large). Our matching criteria were well-defined sampling strata 

described in detail in the NIS 2011 data documentation.17 

Cost-utility and bedside impact of donated supplies 
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The Luis Vernaza Hospital (LVH) and Damien House (DH), located in Guayaquil, 

Ecuador, are two charitable tertiary-care hospitals with demonstrated commitments to 

caring for the poor and available sterilization capacity. LVH is the first and oldest 

hospital in Ecuador; DH is dedicated to the residential treatment of Hansen’s Disease 

(Leprosy). Results from extensive discussions between investigators at both donor and 

recipient institutions were used to formulate a list of 14 items whose bedside utility were 

studied during the subsequent 2-week observation period. A prospectively designed 

database capturing patient characteristics such as age, sex and equipment usage by 

procedure was used for data collection. In the bedside utility analysis, the disability-

adjusted life years (DALY) averted was used as the main outcome. We calculated DALY 

averted by patient, procedure and equipment, estimated the value of donated medical 

supplies per patient, and extrapolated the annual avertable DALY by our program alone. 

To create a suitable scoring system for DALY calculation, we modified the methods of 

McCord et al. to obtain DALY averted (Table S1).18 We conservatively estimated 

discounted life expectancy at any given age for Ecuador using methods by Murray,19 a 

3% discount, and standard life expectancies for Ecuador from the World Health 

Organization Global Health Observatory Data Repository (Table S2). To determine 

DALY averted for individual patients due to specific interventions enabled by recovered 

and donated supplies, we determined disease severity using the American Society of 

Anesthesiologists Physical Status Classification System20 as well as recommendations 

proposed by Tinker et al.21 Treatment efficacies were determined by 2 physicians (PAB, 

AR) with experience in LVH and DH. 

Statistical Analysis 
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Statistical analyses were performed using R software version 2.15.2 (R Development 

Core Team, Vienna, Austria, 2013), with the significance level set at 0.05 for individual 

hypothesis tests. Descriptive statistics were used to summarize the supply donation and 

patient demographic characteristics. Means (standard deviation, SD) were reported for 

continuous variables whose distributions were not substantially skewed, and frequency 

(%) were reported for categorical variables. In case of notably skewed data, medians 

(interquartile range, IQR) were reported. Two-sample unpaired Student’s t-test, Mann-

Whitney test, Chi-squared test, and Fisher’s exact test were used to assess the between-

site patient heterogeneity. The Pearson product-moment correlation coefficient was 

calculated to examine the association between the usage of donated supplies and 

attributable DALY averted. 

To obtain reliable annual donation capacity and to forecast impact while accounting for 

the variability in supply recovery rate, we performed one-way sensitivity analyses on the 

19 most-frequently recovered supplies. The base case scenario was defined by the three-

year average of the least frequently recovered supplies; the ceiling was defined by the 

three-year average of the supply that had the highest recovery quantity.   

RESULTS 

From September 2010 to November 2013, 25,938 lbs (11,765 kg) of clean and unused 

medical supplies were recovered via the SHARE program with an associated cost-savings 

of US $1,297 for solid waste disposal. The estimated institutional value of the 19 most-

frequently recovered items was US $210,403 (Table 1). The largest categories by 

quantity of recovered supplies were gauze (16%) followed by needleless disposable 
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syringes (15%), sutures (11%) and surgical towels (11%) (Figure 1A). However, by 

estimated value, urinary catheters were the largest category at 38% followed by sutures 

(31%). Considerably less value were attributed to surgical disinfectant (6%), surgical 

gloves (6%) and gowns (5%) (Figure 1B). Further sensitivity analyses were undertaken to 

explore the cost implications of the variability in the quantity of these 19 items over time. 

Assuming a linear trend, the SHARE program was projected to recover $95,554.17 (95% 

CI: $50,507.48, $142,223.97) worth of clean and unused medical supplies in the 2013-14 

fiscal year from the aforementioned 19 items.  

Using the 2011 HCUP US NIS data, we identified 232 (SE 16) private, non-profit, 

voluntary teaching hospitals having at least 500 beds in all locations of the United States. 

These 232 (SE 16) large US academic hospitals comprised 4.0% (SE 0.4%) of all 

hospitals nationwide, and according to our estimate would be capable of annually 

recovering at least US $15.4 million worth of the 19 most common items. With the 

inclusion of all potential items, programs like SHARE are capable of recovering 

approximately 1.9 million lbs (861,961 kg) of medical supplies each year from large US 

academic hospitals. 

To determine the bedside impact of recovered supplies that are donated to resource-poor 

settings, we formed a partnership with LVH and DH in Guayaquil, Ecuador. In October 

2013, SHARE delivered basic medical supplies approved by the administrations of LVH 

and DH, and tracked patient and procedure characteristics including supply usage at both 

recipient sites.  
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There were a total of 37 patients (NLVH 17, NDH 20) who underwent surgical procedures 

at the donation recipient institutions during the observation period; 33 (89.19%) had 

complete data and were included in the utility analysis (Table 2). Of patients that had 

complete information for whom we could calculate DALY (n = 33), 36.36% were female 

and the mean reported age was 60.61 y.o. (SD 20.87). The mean age of patients in DH 

and LVH were 71.95 y.o. (SD 13.52) and 43.15 y.o. (SD 18.11), respectively. The overall 

prevalence of co-morbidities was 48.48%, and occurred in 70% of DH patients and 

11.76% of LVH patients. The most commonly reported co-morbidity was hypertension, 

occurring in 18.18% of all patients. This was followed by obesity and diabetes (both 

6.06%), and smoking (3.03%). Active Hansen’s Disease (leprosy) was observed solely at 

DH, with 30% of patients having active leprosy. Between the two hospitals, the most 

common procedure during the observation period was debridement (63.64%), followed 

by skin grafts and flaps (9.09%), reconstructions (6.06%), and hernia repairs (3.03%). 

Procedures facilitated with donated medical supplies were able to preserve an average 

DALY of 8.22 (SD 7.08) DALY per patient. Procedures in LVH preserved, on average, 

more DALY per patient than procedures in DH (14.54 (SD 7.45) DALY and 4.12 (SD 

2.06) DALY, respectively). We estimated that for leprosy alone, between at least 4,689 

and 10,571 DALY can be averted by and attributed to a year’s worth of donated medical 

supplies from SHARE. Moreover, irrespective of item type, we observed a moderately 

strong positive correlation (Pearson's r = 0.53) between the usage of donated supplies and 

attributable DALY averted. 

The median value of medical supplies used for individual patients was US $7.26 (IQR 

$14.52) per patient. Supplies used for patients at LVH valued at US $14.37 (IQR $11.90) 
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per patient, substantially different from the median supply value for patients at DH which 

was US $6.42 (IQR $5.51), p=0.0013. The mean supply cost per DALY averted 

($/DALY averted) attributable to the donated medical supplies was US $2.14 (SD $2.42) 

per DALY averted. $/DALY averted were similar when comparing LVH and DH (US 

$2.71 (SD $3.47) / DALY and US $1.77 (SD $1.37) / DALY, respectively, p=0.37).  

DISCUSSION 

To our knowledge, we are the first group to track a variety of recoverable medical 

supplies from the donor operating room to the recipient bedside. This study revealed that 

among large US academic medical centers, every year there is a potential US $15.4 

million represented by 19 supplies that are frequently discarded yet recoverable when 

clean and unused. We estimated that an approximate 1.9 million lbs (861,961 kg) per 

year of all medical supplies are recoverable from these medical centers.  

Although the precise materials that are recovered and the recovery methods will most 

likely be institution-dependent, materials frequently recovered by other centers are 

consistent with ours, namely sutures, syringes, and surgical gloves.22–24 By value and 

frequency, sutures represent perhaps the most significant recovery potential.23,24 

Although urinary catheters represent the greatest category by total monetary value, 

sutures are collected with a much higher frequency. Items with a high frequency of 

recovery are more conducive to donation, since recipients' needs can be matched with a 

consistent, predictable flow of supplies. On the other hand, items with low recovery 

frequency may require healthcare institutions in developing countries to acquire them 

through alternative avenues. 
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Our study also revealed that recovered materials are cost-effective when donated to 

resource-poor hospitals. In our study, an average of US $2.14 was spent per averted 

DALY attributable to the donated medical supplies. This compares favorably with 

estimates of a cost per DALY averted of US $11 for a small hospital in Bangladesh,6 US 

$10 for basic immunization programs in Africa,10 and US $350-500 for anti-retroviral 

therapy for HIV.1 For only the treatment of skin sores due to leprosy, we estimate that 

between at least 4,689 and 10,571 DALY can be averted by a year’s worth of donated 

medical supplies. A year of action by a single recovery and donation program may 

prevent 5.5% of the total 192,000 DALY25 lost due to leprosy worldwide. Thus, there is a 

significant potential for recovery and donation programs to have a large impact in public 

health. Specifically, these programs can allow for more essential surgeries to be 

performed and at better quality. 

The question remains of how to systematically harness the public health potential of all 

recoverable supplies in US academic centers. We believe that with the increasing 

attention on leveraging academic consortia to provide training for healthcare systems in 

developing nations, recovery and donation programs represent a unique and cost-

effective solution.  

Programs such as ours can have a synergistic effect when paired with other efforts to 

strengthen healthcare resources in developing countries, including making quality 

medical supplies and equipment affordable. Furthermore, because shipping costs of 

donated materials are often covered by the non-government organizations that ship them, 

this makes recovery and donation programs more attractive to governments looking to 

balance competing priorities. Additionally, in the world’s first and largest academic 
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consortia of its kind with Rwanda, the Human Resources for Health Program 

acknowledges that ensuring the availability of basic equipment and supplies will be an 

important aspect of ensuring human resources are retained in healthcare systems of 

developing nations.4 Thus, US academic centers not only represent a large potential for 

training and knowledge transfer, but also for helping ensure adequate equipment and 

supply stocks in these healthcare systems.  

Recovery and donation programs are a mutually beneficial method for achieving this 

goal. The cost of maintaining our program is minimal, at US $434.48 for the 2013 fiscal 

year; this covers maintaining a collection room and bins distributed in operating rooms. 

Funding is achieved through community, student, and specific-interest grants. The 

institution can break even or achieve net savings by the reduction in solid waste disposal. 

Furthermore, our program generates significant civic responsibility in our community, 

accounting for an estimated 1,000 volunteer hours each year. We amass a consistent 

powerhouse of 80 Hopkins-affiliated volunteers per year, drawing on the enthusiasm of 

Johns Hopkins University undergraduates and medical students. 

Among the limitations of our study, we focus on only 19 of the most frequently collected 

supplies, an under-representation of the total recoverable supplies. However, from our 

experience, these 19 items represent the majority of supplies requested by healthcare 

institutions in developing nations. Furthermore, our study is a single-center study, 

whereas the estimated value of supplies, supply usage patterns and recoverable waste 

policies may vary from center to center.26 
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A small sample size of hernia repairs and other procedures in our study prevents us from 

estimating the potential yearly impact by recovery and donation programs on DALY 

averted for those procedures. However, this is not to diminish the fact that hernias and 

trauma are both significant contributors to disease burden in developing nations. We 

believe that determining the impact of recovery and donation programs for leprosy 

patients is a productive first step, and demonstrates that these programs can also 

potentially have a significant impact on hernia repairs and other procedures as well. Our 

investigation methodology is in line with existing efforts to develop metrics that track 

outcomes of surgical interventions in the developing world.3  

In conclusion, our study helps to encourage the inclusion of medical supplies recovery 

and donation programs in global health discussions. From our results, we were able to 

estimate and project the total potential for equipment recovery among US academic 

centers, and to delineate the low cost-utility and significant potential impact of recovery 

and donation programs on reducing global health disease burden. We believe that these 

programs are one sustainable solution for developing health and human resources to 

ensure global health equity for all. 
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FIGURE AND TABLE LEGENDS 

Table 1. 3-Year Donation of Selected Supplies. 19 most frequently recovered and 

donated supplies across the 3-year data collection period. Total 3-year estimated value is 

given for each category as well as for the program in USD. 

Figure 1. Breakdown of supplies by quantity and value. (A) Breakdown by quantity of 

19 most frequently recovered and donated supplies across the 3-year data collection 

period. (B) Breakdown by estimated value of 19 most frequently recovered and donated 

supplies across the 3-year data collection period. 

Table 2. Patient and Procedure Characteristics. 

Table S1. Scoring System 

Table S2. Calculated Discounted Life Expectancy for Ecuador 
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Table 1: 3-Year Donation of Selected Supplies 2 
 3 
Supply Item YR 1 Total 

Count  
YR 2 Total 
Count  

YR 3 Total 
Count  

Total 3 YR 
Count 

3 YR Estimated 
Institutional 
Value (USD) 

Cauterizers 487 229 590 1306 $4,074.72  
Compression stockings 273 129 525 927 $2,604.87  
Face shields 551 574 354 1479 $665.55  
Gowns 1066 1395 1890 4351 $10,746.97  
Hemostatic clips 20 160 231 411 $4,393.59  
Individual gauze 4364 2154 6502 13020 $963.48  
Ioban 220 87 62 369 $2,044.26  
Lap pads 1376 1087 1469 3932 $1,281.83  
Pediatric diapers 535 66 798 1399 $83.94  
Skin staplers 214 56 111 381 $2,971.80  
Specimen collection containers 2014 445 870 3329 $2,430.17  
Surgical blades 2205 933 1490 4628 $1,157.00  
Surgical disinfectant a 1395 533 1616 3544 $12,482.73  
Surgical gloves 2071 2805 2943 7819 $12,469.74  
Surgical towels 3311 1950 3206 8467 $4,910.86  
Sutures 3302 1856 3753 8911 $65,929.02  
Syringes w/o needles 2628 7910 1843 12381 $866.67  
Urinary catheters 625 405 1012 2042 $78,894.71  
Vacutainers 492 460 1009 1961 $1,431.53  
Estimated Program Value (USD)  —  —  —  — $210,403.44 

a Including bottled disinfectants, ChloraPrep, and surgical prep kits. 4 
  5 
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Table 2: Patient and Procedure Characteristics 
Patient Characteristics FD (n=20) LV (n=13) 
Demographics 
     Female 30% 46% 
     Age (y.o.), Mean (SD) 71.95 

(13.52) 
43.15 (18.11) 

Comorbidity 
     Any Comorbidity 70% 15% 
     Diabetes 5% 8% 
     Hypertension 25% 8% 
     Active Hansen's Leprosy 30% 0 
     Obesity 10% 0 
     Smoker (<1 yr) 5% 0 
     Other 5% 15% 
Diagnosis 
     Sores from Leprosy 100% 0 
     Trauma 0 15% 
     Hernia 0 8% 
     Other 0 77% 
Procedure 
     Skin Graft or Flap 0 23% 
     Hernia Repair 0 8% 
     Reconstruction 0 15% 
     Wound Cleaning 100% 8% 
     Other 0 62% 
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