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Introduction

The US health care system generates 10% of total US 
greenhouse gas (GHG) emissions, and hospitals are the sec-
ond largest contributor to landfills and the second largest 
consumer of energy after the food industry.1,2 Most of this 
waste is produced by operating rooms (ORs), generating 
between 20% and 70% of total waste produced in hospi-
tals—approximately 2.8 to 4 billion pounds of waste, 
mostly due to the lack of recycling owing to the inappropri-
ate disposal of waste as biohazard waste.3-5 In 2009, the 
World Health Organization emphasized that hospitals have 
responsibilities in making health care more sustainable.6,7

The waste produced in our ORs and hospitals is one of 
the reasons for growing health care costs. As of 2016, health 
care spending was estimated to be $3.35 trillion dollars, that 
is, per capita spending of $10 345, double that of any other 
first world country. Waste disposal accounts for 20% of a 
hospital’s annual environmental budget, and therefore 
reduction can lead not only to ecologic benefits but also to 
reduction in health care costs.8

Operating rooms in the United States produce between 
2000 and 7000 tons of waste per day. Approximately 70% to 
90% of OR waste is designated as biohazard when disposed, 
but the Centers for Disease Control and Prevention has 
reported that only 1% to 2% of this waste needs to be dis-
posed as infectious waste. This is extremely costly for hospi-
tals, who can pay up to 10 times more for biohazard waste 
disposal. This waste treatment pathway also results in higher 
environmental emissions due to more treatment steps.9
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Unfortunately, some of the waste generated in ORs are 
unused disposable supplies. Supplies are brought into ORs 
based on physician preference cards, which describe all of 
the supplies, pharmaceuticals, and equipment a particular 
surgeon needs to perform a surgery. Most hospitals also 
develop a disposable supply “custom pack” that contains a 
set of basic single-use supplies needed per surgical proce-
dure. Additional supplies, or “pick items,” are brought into 
each surgery as needed. Custom packs can lead to unneces-
sary waste as some items may not be used by certain physi-
cians performing the procedure but must be thrown away 
due to hospital standards.10,11 Physician preference cards 
can also lead to unnecessary surgical waste if not properly 
used and maintained.12-14

Studies have begun to analyze the impact of excessive 
resource use in ORs. A study of neurosurgery cases found 
that an average of $968 (17%) of supply spending per case 
went toward unused and wasted supplies. Unused products 
quantified were single-use items, and the most common 
were sponges, gloves, blue towels, and sutures and the most 
expensive being bone sealant products, drills bits, and 
screws, among other neurosurgery-specific items.15 Each 
one had to be manufactured, packaged, sterilized, and trans-
ported to the OR, resulting in unnecessary environmental 
emissions. Given the heightened concern for health care 
cost and environmental sustainability, we seek to identify 
opportunities to reduce waste, improve health care’s impact 
on the environment, and generate cost savings. Here, we 
analyze the quantity, cost, and GHG emissions of opened 
and unused disposable surgical supplies, with the goals of 
identifying sources of unnecessary waste and increasing 
value of care by decreasing cost.

Materials and Methods

In this prospective study, we evaluate the cost and GHG 
emissions from production of opened but unused single-use 
OR supplies for hand surgery. The study site is a single 
ambulatory surgical center, affiliated with a large academic 
practice. Institutional Review Board approval from our 
institution was obtained, and informed consent was obtained 
from all individual participants included in the study. 
Eighty-five consecutive cases from February 2018 to July 
2018 were included in the study. Wasted items were defined 
as opened disposables, with no direct contact with the 
patient or patient-related fluids. The items were quantified 
immediately after each case by the surgeon, written down 
with the patient identifying information, and secured. Costs 
of each item were obtained from Medline list prices for a 
standard hand pack provided by Medline’s administration 
and are not specific to our case study location. Descriptive 
analysis included the type of surgery, age of the patient, 
length of surgery, tourniquet time, which items were dis-
posed, patient demographics, comorbidities, and smoking 

status. Cases were grouped into 4 categories by identifica-
tion of Current Procedural Terminology codes, and 32 codes 
were used for analysis: endoscopic carpal tunnel releases 
(29848), tendon and soft tissue–related procedures (ie, 
25118, 26442, 26020,26115, 26210,26480), open fracture 
fixation and associated procedures (ie, 25607, 25609,25645, 
26110), and other procedures including percutaneous frac-
ture fixation (26727) and application of a splint (29125).

Statistics

We summarized categorical variables using proportions and 
continuous variables using means and standard deviations 
(SDs) or medians and interquartile ranges (IQRs), as appro-
priate, according to data distribution. We used χ2 test, t test, 
Wilcoxon rank-sum test, and simple linear regression to 
assess the associations between patient and case variables 
and the total cost of wasted items. We defined P < .05 as 
statistically significant.

Carbon Footprinting

The GHG emissions or a “carbon footprint” of the supply 
item’s production and delivery was estimated using the hospi-
tal’s purchasing data and an environmentally extended input 
output (EEIO) life cycle assessment (LCA) model. The EEIO-
LCAs have been used to estimate the environmental footprint 
of other medical services, including hysterectomy16,17 cataract 
surgery,18-20 and national health care emissions.4,21 This study 
uses the US EEIO model, maintained by the US Environmen-
tal Protection Agency, which combines the economic transac-
tions between 389 industrial sectors (2008 data) with 
environmental data for these sectors (2013 data).22 Of the eco-
nomic sectors available in the model, we use the sector “Surgi-
cal and medical instruments; at manufacturer” (North American 
Industry Classification System code 339112) to estimate GHG 
emissions from production of our unused hand surgery sup-
plies. Financial data of our study were deflated from the year 
of the supply purchase (2018) to the year of the EEIO-LCA 
model (2013) using Producer Price Index Tables for this sector 
maintained by the US Bureau of Economic Analysis. The US 
EEIO model was analyzed using “OpenLCA” software23 with 
the Centre for Environmental Studies (CML) 2001 Base Life 
Cycle Impact Assessment method, a global impact assessment 
method developed by the Center of Environmental Science of 
Leiden University.24 Here, GHG emissions are reported in 
kilograms of carbon dioxide equivalents (kg CO2-e).

Results

Of the 85 cases studied, 64.7% (55) of patients were women, 
and the mean age was 56.4 years (SD: 16 years). Thirty-four 
patients had hypertension (40%), 30 had hyperlipidemia 
(35%), 21 were smokers (24%), and 13 had diabetes (15%). 
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Procedures consisted of 45 endoscopic carpal tunnel releases 
(53%), 30 tendon transfers, tenolysis, and tendon sheath inci-
sions (35%), and 7 open reductions of distal radius and inter-
nal fixations, and carpal bone and phalangeal fractures (7%). 
The median operative time was 22 minutes (IQR: 14-44 min-
utes). The median tourniquet time (which was only applica-
ble to 73 cases) was 10 minutes (IQR: 6-20 minutes).

The mean number of unused and wasted surgical items 
was 11.5 items per case (SD: 3.6 items, out of 51 items per 
custom pack) or a total of 981 items over the 85 cases 
included in the study. Most of the unused, wasted items 
came from the custom pack, with an average of 22.6% of 
items in the pack wasted during the study period. The hand 
custom pack is opened in all hand cases regardless of 
whether the approach is open or endoscopic. The surgical 
item in the custom pack that was wasted most often was 
surgical sponges (RayTec Johnson and Johnson, New 
Brunswick, New Jersey) with an average of 3.3 sponges 
wasted per case and a total of 280 wasted sponges. Of the 
85 cases in our study period, only 18 cases (21%) had no 
wasted sponges. Similarly, surgical blades from the custom 

pack were wasted 198 times (2.3 per case) and had only 10 
cases (12%) with no wasted blades. Stockinettes from the 
custom pack were wasted 62 times (0.73 per case), and 
only 28% of cases had no wasted stockinettes. Drapes, 
clings, and gowns were also often wasted; listed in Table 1 
are wasted surgical items and the percentage of cases with 
no waste for that item in the study period.

The item that accounted for most of the wasted cost and 
carbon footprint was bipolar forceps ($586.6 and 118 kg 
CO2-e), followed by basins ($330.5, 67 kg CO2-e), drapes 
($329.8, 66 kg CO2-e), and stockinettes ($300.1 60 kg CO2-
e). Wasted items amounted to a total of $2,193.5 and 441 kg 
of CO2-e during the study period. These GHG emissions are 
equivalent to the emissions from a standard US passenger 
vehicle driving 1080 miles (1818 km) or to the GHG emis-
sions from charging 56 360 smart phones.25 This wasted 
additional cost was distributed unevenly across cases, 
wherein the top 18 cases (18%) with most waste accounted 
for 44% of the cost and emissions ($970 and 195 kg CO2-e).

When analyzing procedure factors with cost, we found 
that higher costs from unused, wasted items were associated 

Table 1. Surgical Items Wasted Over 85 Consecutive Cases.

Item No. of items unused and wasted Cases with no unused waste (%, n = 85) Total cost ($)

Plaster 0 100 0.0
Spec. cups 2 99 1.8
Matisol adhesive 1 99 1.7
4 × 4 gauze 5 99 1.3
Soft roll 2 98 32.7
Coban bandage 2 98 4.4
Steri-strips 2 98 1.6
Needles 3 98 0.5
Bins 5 98 -
Webril 3 96 2.9
Irrigation bulbs 3 96 1.5
Esmarch 4 95 13.8
Sutures 7 94 49.0
Marker 5 94 2.8
Bucket 5 94 -
Syringes 9 92 2.8
Gloves 14 91 15.5
Ace bandage 8 91 7.4
Bipolar forceps 16 82 586.6
Table cover 29 79 53.1
Xeroform 19 79 9.9
Basins 50 64 330.5
Blue towels 64 64 43.5
Drape 69 47 329.8
Cling 55 36 30.8
Gown 57 34 215.5
Stockinette 62 28 300.1
Surgical sponges (Raytecs) 280 21 154.0
Surgical blades 198 12 99
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with shorter operative time (P = .010), suggesting that 
cases that are expected to be shorter might benefit from a 
more consolidated custom pack. Figure 1 shows a scatter 
plot between operative time and unused, wasted cost. Likely 
related to this previous finding, shorter tourniquet time was 
also associated with higher costs from unused, wasted items 
(P = .011). There was suggestive evidence for an associa-
tion between higher cost from unused, wasted items and a 
history of hypertension (P = .058) or diabetes (P = .083). 
Table 2 shows results from univariate analysis comparing 
case and patient variables with total unused, wasted cost.

Discussion

There is an obvious environmental and cost savings benefit 
to waste reduction in the OR. We have currently outlined 
several methods previously published and will highlight a 
few here.26 In their article on decreasing waste in health 
care, Kagoma et al lay out 5 basic principles (the 5 Rs): (1) 
Reducing waste; (2) Reusing materials; (3) Recycling; (4) 
Rethinking the way of disposing of waste; and (5) Research. 
Our article uses research to help identify strategies to reduce 
unused supply wastage. Table 1 highlights several com-
monly wasted items in the OR; identifying these products is 
the first step in waste reduction (Table 1). Here, we discuss 
implementing basic principles of Kagoma et al6 to increase 
the value of surgical care.

Reduce

This study demonstrates that shorter cases, specifically 
carpal tunnel releases and soft tissue procedures, or those 
approximately less than 20 minutes in length had the most 
unused, wasted items and would benefit from a custom 
consolidated hand pack (Figure 1). This hand pack could 

be modeled after the “lean and green initiative” with “green 
packs” discussed by Van Demark et al and Thiel et al.8,27,28 
Both have demonstrated that with limited field sterility and 
a consolidated or “green pack,” waste can be reduced sig-
nificantly without compromising patient safety.

Robert Van Demark et al implemented the use of “green 
packs” for their Wide-Awake Local Anesthesia No Tourni-
quet (WALANT) cases and estimated savings of $10.64 and 
2.3 kg per case solely by using the suggested consolidated 
“green packs.” After 1099 hand cases, the institution saved 
$13 250.42, and waste was decreased by 2.8 tons. The 
author estimates that if approximately 2000 hand surgeons 
in the country were to do 100 “green” cases a year, there 
would be a nationwide savings of $2.13 million and a 
decrease of 506 tons of waste.

In addition to refining the custom packs, physicians 
should regularly update their preference cards to remove 
(or shift to “as needed”) supplies that are not routinely 
used during surgery.28 Establishing good communication 
with surgical teams about necessary supplies and location 
of potential pick items can also help reduce erroneously 
opened supplies and reduce opening standardized surgical 
packs. In one study of laparoscopic hysterectomy’s carbon 
footprint, Thiel et al17 determined that reducing supplies 
brought in to the OR could reduce the carbon footprint 
over 45%.

Reuse

Where possible, surgical teams should strive to use reusable 
instruments, as this is generally shown to reduce emissions 
and waste generation. If reusable instruments are not an 
option, surgical teams should explore opportunities for sin-
gle-use device (SUD) reprocessing. Single-use device 
reprocessing is currently carried out by a third-party vendor 
through a Food and Drug Administration–approved pro-
cess. Hospitals send used SUDs to the third-party reproces-
sor who safely dismantles, cleans, reassembles, sterilizes, 
and resells the reprocessed SUDs, often at a lower cost than 
original manufacturing.29-31 Although few studies show the 
carbon footprint of SUD reprocessing, it is shown to reduce 
waste generation.

Rethink

Rethinking the surgical process is one of the most important 
steps. Rethinking can be done at a local level, by individual 
surgeons or surgical teams. Surgeons or teams should iden-
tify what is needed in each case, communicate this in effec-
tive preoperative briefings, reduce handoffs to consistently 
work with the same surgical team, and store supplies in 
appropriate and strategic places.

Rethinking at the specialty level can also reduce waste 
and costs. Adopting WALANT protocols in hand surgery 

Figure 1. Scatter plot demonstrating an association between 
operative time and cost of wasted items.
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cuts not only on labor costs of the anesthesiologists and 
recovery room staff, but preoperative testing is no longer 
required, thus reducing patient travel and waste from test-
ing itself.15 Lalonde and Martin published a study analyz-
ing the cost benefit of completing WALANT surgeries in 
the OR versus in the office or clinic with limited field 
sterility.32 The authors demonstrated that OR procedures 
were more costly given the amount of materials used for 
full sterility in the OR versus field sterility in the clinic or 
ambulatory setting. LeBlanc et al33 demonstrated that 
limited field sterility for carpal tunnel releases was safe, 
determined by the low risk of superficial infection in their 
study (0.4%) and deep infection (0%), and was cost-
effective. Another study combined WALANT surgeries 
with a minimal custom pack, reducing waste generation 
in hand surgeries by 13% and saving $125 (or 55%) on 
surgical supply items.27

Waste reduction is imperative in all processes. While 
contemplating how to decrease OR waste, we must consider 
all visits, procedures, labs, and studies the patient must 
complete to obtain medical clearance. Beyond WALANT, 
other techniques to reduce the need for in-person preopera-
tive and postoperative visits, such as telemedicine, should 
also be considered.28

Recycle

Albert et al conducted a similar study identifying com-
monly wasted items in hand surgery, and by reducing waste 
and recycling they estimated a total cost savings of $41 844 

per year. They also identified that the blue wrap used for 
tray sterility accounted for 19% of OR waste and 5% of all 
hospital waste.34 This blue wrap is made of #5 plastic and is 
not biodegradable, but there is a resale market for the mate-
rial to other companies who can repurpose the #5 plastic. 
After instituting a blue wrap recycling vendor, 1.2 tons of 
waste was diverted at this site over the course of 10 months.

Study Limitations

There are several limitations to this study. First, the results 
are limited to a single surgeon’s practice, in an ambulatory 
setting, mainly doing short hand cases, limiting generaliz-
ability. Second, as the project continued, staff awareness to 
disposable waste grew, and this may have influenced indi-
vidual behavior. Third, EEIO-LCA modeling has some 
inherent limitations. The EEIO-LCA modeling is built 
around costs of supplies, which can be notoriously difficult 
to quantify for US medical facilities. As such, this study 
uses catalog prices which may or may not reflect actual 
spending on supplies at this particular location. The carbon 
footprint of individual items in this study all fall within the 
same economic sector (surgical and medical instruments) 
and therefore cannot be compared with each other, limiting 
the accuracy of the EEIO-LCA model. In other words, even 
if a syringe is manufactured in exactly the same way, if one 
costs more than the other, it would appear to have greater 
carbon emissions. The EEIO-LCA modeling is intended to 
give a rough estimate of carbon emissions, but it typically 
represents order-of-magnitude accuracy.

Table 2. Univariate Associations Between Case and Patient Characteristics With Cost of Wasted Items.

Variable Categories Cost of unused, wasted items P value

Sex, median (IQR) Men 25 (12-44) .410
 Women 21 (13-29)
Age, cost per additional year (95% CI) 0.05 (–0.19 to 0.29) .669
Procedure Carpal tunnel release 22 (16-30) .901
 Tendon transfer, tenolysis, tendon sheath incision 21 (11-49)
 Open reduction of fractures 16 (2-31)
 Other 26 (8-62)
Operative time, cost per additional min (95% CI) –0.15 (−0.27 to −0.04) .010
Tourniquet time, cost per additional min (95% CI) –0.21 (−0.37 to −0.05) .011
Hypertension, median (IQR) No 20 (11-30) .058
 Yes 26 (16-35)
Hyperlipidemia, median (IQR) No 21 (13-35) .511
 Yes 24 (15-35)
Diabetes, median (IQR) No 21 (13-29) .084
 Yes 35 (17-39)
Previous surgeries, median (IQR) No 21 (14-36) .353
 Yes 20 (13-28)
Smoking, median (IQR) No 21 (13-32) .160

Yes 22 (12-36)

Note. IQR = interquartile range; CI = confidence interval.
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Finally, because of our focus solely on unused items, it is 
likely that we underestimated the true effect a lean and green 
approach could have in our department. For example, par-
tially used pharmaceuticals were found to be a large source of 
unnecessary waste in cataract surgeries, but we did not assess 
supply items that had come into contact with the patient or 
patient fluids.19 As we continue to gather data in the hand 
surgery and orthopedic surgery departments, more specific 
insight on the impact of potential implementation of lean and 
green initiatives at our institution will be revealed.

Conclusion

All items brought into the OR must be carefully considered, 
as unnecessary materials reduce the value of medical care 
by needlessly increasing costs and impacts on the environ-
ment and public health. The first step toward reducing 
unnecessary waste in surgery can be achieved by first creat-
ing awareness. Once staff are aware of and interested in this 
issue, problems such as excess materials during short proce-
dures can be identified, and potential solutions can be pro-
posed and tested. Several methods of reducing unnecessary 
waste in hand surgery include reducing the supplies we 
bring into the OR from the onset, properly sorting all items 
for disposal, choosing the correct setting for our cases, recy-
cling eligible items, and continued research on supply opti-
mization and green initiatives in the OR.
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