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Abstract – Objective: Health care accounts for up to 8-10% of greenhouse emission yearly 
in the US and surgical room contributes an estimated 25-30% of hospital waste. Despite the 
major role of greenhouse emissions because of surgery, little has been done by surgeons to 
reduce their impact. In this paper, we present a multicentric retrospective analysis to evaluate 
the carbon footprint of the most common breast surgical treatment and a preliminary analysis 
of our results.

Patients and Methods: Retrospective analysis with processed-based life cycle assessment 
(LCA) has been obtained to determine carbon footprint of different surgical procedures. In our 
preliminary study, we enrolled all consecutive patients undergoing breast conserving procedure 
(BCP) between 9th March 2019 and 9th March 2021 to underline the reduction in fuel consumption 
with postoperative telehealth application (pre-COVID-19 vs. COVID-19). A propensity score match-
ing (PSM) was implemented to optimize comparability.   

Results: From 276 BCP patients, PSM included 69 pre-COVID-19 and 69 COVID-19 groups, respective-
ly. No statistically significant difference was found in the tumor stage, marital status, and distance from 
the hospital. A total of 466 postoperative visits was performed and a statistically significant difference 
in telehealth visit rate was found between groups (1.75% vs. 51.68%; p<0.001). A reduction of 4312.38 
km in travel to the hospital was found in the COVID-19 group. No difference was found in postoperative 
complications.   

Conclusions: Health systems worldwide are implementing zero-carbon programs to reduce 
their carbon footprint. Breast surgeons should consider the consequences of their actions and em-
brace the pillars of the circular economy. Our data could promote further action in order to raise 
awareness regarding carbon footprint of breast surgery. 

KEYWORDS: Awake breast surgery, Breast cancer, Breast cancer treatment, Breast Surgery, Carbon 
footprint, COVID-19.
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PATIENTS AND METHODS

Study Design and research questions

The green surgery study aimed to evaluate the 
carbon footprint of breast surgery. Retrospective 
analysis of patients with BC will be obtained from 
clinical records and telephone follow up. Data 
from the participating institution will be used to 
assess the following outcomes: 
1.	 Determine the carbon footprint of breast con-

serving procedure;
2.	 Determine the carbon foot print of mastecto-

my and implant based immediate breast recon-
struction21;

3.	 Determine the carbon footprint of mastectomy 
and autologous single stage breast reconstruction .
Processed based life cycle assessment (LCA), a 

commonly used analysis to determine the environ-
mental impact of all stages of the life cycle of a prod-
uct, process or service, will be used to assess the car-
bon footprint of the single procedure. Process-based 
LCAs measures all material inputs along with 
emissions of multiple processes which are required 
to create a final service or product (Figure 1). The 
final service/product was defined as breast surgery 
management beginning with the admission onto the 
surgical ward of each patient before surgery, length 
of stay, operating room pathway, discharge, and first 
postoperative visit. Life cycle inventory was defined 
as all the environmental inputs and outputs of our 
breast procedure. In our analysis life cycle inventory 
will be divided as follows: transportation, utilities, 
hospital consumables, surgical instruments and con-
sumables, sterilization, repacking, and waste. 

INTRODUCTION

COVID-19 disease, declared a pandemic in march 
2020, emerged as a novel disease and has re-
mained an unexpected stressor for healthcare sys-
tems around the world over the last two years1,2. 

During the first wave, lockdown measures 
were designed to reduce COVID-19 infections, 
hospitalization and deaths3,4. During the lock-
down, screening and elective activities were 
suspended, and resources were reallocated to es-
sential services due to the high mortality in frail 
patients, which consists in elderly, oncological, 
and transplant patients5-8. As a consequence, due 
to the cessation of all elective activities and the 
fear of infections, a reduction in elective surgery 
and breast cancer (BC) treatment was reported9. 

Breast malignancy has a global prevalence of 2 
million10. During the lockdown, the arrest of mam-
mographic screening could have resulted in a neg-
ative effect on clinical outcomes and cancer care3,4. 
To mitigate these consequences as much as possible, 
physicians designed temporary measures to continue 
the surgical and clinical activity during the pandemic 
and reduce the risk of delayed diagnosis and treat-
ment and introducing innovative technologies and 
protocols which were still under investigation11-15. 

Cross-infection reduction with telehealth appli-
cations and awake surgery to promote faster dis-
charge were the larger measures of these temporary 
guidelines before the introduction of COVID-19 
vaccine11,16. In addition to the health care outcomes, 
these measures provided a reduction in the private 
transport toward the hospital, reducing greenhouse 
gas emission as a secondary, unintended effect11. 
For instance, telehealth applications on postopera-
tive outpatients visit reduced private transportation5, 
and faster discharge and surgery without anesthetic 
drugs reduced carbon footprint of BC care17.

It is well documented that the lockdown positive-
ly impacted the environment through the reduction 
of the emission of greenhouse gases and other pol-
lutants below the pre-COVID-19 levels18. Regarding 
greenhouse emissions, hospital and surgical rooms 
represent the major sources of pollution. Health care 
accounts for up to 8-10% of greenhouse emission 
yearly in the US and surgical room contributes an 
estimated 25-30% of hospital waste19. Several au-
thors are implementing alternative measures to 
reduce as much as possible the carbon footprint of 
their treatment, but little has been done in surgery20.

Despite the major role of greenhouse emission 
as a consequence of surgery, little has been done 
by surgeons to actively reduce their impact on the 
environment. Our study aims to evaluate the car-
bon footprint of the most common breast surgical 
treatment. 

Fig. 1. Processed based Life cycle assessment (LCA) in sur-
gical procedure.
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dure variables as shown in Table 1. Demographic 
data include patients’ age, comorbidities, distance 
from the hospital, length of stay, and transpor-
tation to the hospital. BC characteristics include 
histological subtype, tumor dimensions, nodal 
status, prognostic and predictive factors [ER, PR, 
Ki67 and human epidermal growth factor recep-
tor 2 expression (HER2)]26,27. Pathological stag-
ing was based on recommendations from AJCC 
2018 (edition VIII) of TMN classification. Tumor 
Grade was calculated with the Nottingham Histo-
logic Score system (the Elston-Ellis modification 
of Scarff-Bloom-Richardson grading system). 
The ER, PR and Ki67 receptors are expressed as a 
percentage of positive cells in specimens studied 
through immunohistochemistry. Overexpression 
of Her2 gene (HER2 SCORE) was evaluated by 
IHC and by FISH, as according to 2013 ASCO/
CAP recommendation. Consequently, patients 
are classified as Her2-positive if a score 3+ was 
obtained with IHC or amplification was demon-
strated by FISH. All patients are divided into the 
following subgroups: Luminal A, Luminal B+, 
Luminal B-, Her2 Type (Her2), and Triple Neg-
ative in concordance with the classification of in-
trinsic subtypes recommended by the San Gallen 
International Expert Consensus Report of 2017. 

Finally, the surgical procedure data set include 
operative time in minute, the type of surgical pro-
cedure, the anesthetic type, all the surgical con-
sumables used in the surgical procedure, and the 
surgical drapes utilized (disposable vs. reusable). 

Missing data 

REDCap database grants all the participating 
sites access to the data through the entire study 
period. Any missing or erroneous data can be cor-
rected by study team members. 80% of the data 
must be completed for participants to be accepted 
in the analysis. 

Study population

In our retrospective study, we will evaluate all 
consecutive patients with BC diagnoses referred 
to participating institutions from 1st January 2019 
to 31 December 2019. This time frame was chosen 
to avoid any effect of COVID-19 pandemic on BC 
care and greenhouse emission. Primary inclusion 
criteria were the diagnosis of non-metastatic BC 
patients requiring surgical management regard-
less of preoperative chemotherapy. Other inclu-
sion criteria were age between 18 and 80 years, 
female sex, and no history of breast surgery. 

Eligible Site

All Italian-certified breast units can participate in 
the study. In Italy Breast Units are Breast Care 
Centers designed by National Health System ac-
cording to EUSOMA guideline22,23. Breast Units 
deliver better outcomes for patients and represent 
the modern standard in BC care24. 

After formal Ethics Committee approval, every 
center will have a site lead (SL) and one or more 
co-investigator will be required in a local study 
team. Every SL will be responsible for data collec-
tion and entry to facilitate every step of the study.

Data Collection 

Data collection will be performed with REDCap 
web application, a secure software platform de-
signed for data collection25. The SL will receive 
access to the web application after local commit-
tee approval. A unique REDCap identifier will be 
allocated to each patient, and it will be used in 
correspondence between the study office and par-
ticipating site. 

Data collection will include patient demo-
graphics, BC characteristics, and surgical proce-

TABLE 1. Description of patient’s variables collected in the study.

Demographics and 	 Breast Cancer	 Surgical
  preoperative variables	   characteristic	   procedure

Age	 TMN and Stage	 Operative time
Postcode 	 ER Expression 	 Surgical procedure	
Distance from hospital in km
BMI	 PR expression	 Anesthetic regimen
Comorbidities (as per CCI)	 Ki67 Expression	 Surgical instrument
Smoking status 	 Her2 Score	 Surgical drape 
Days of Hospitalization 	 Molecular subgroup	
Transportation 	 Histological classification	
	 Tumor dimension	
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were included in the study. PSM included 69 
pre-COVID-19 and 69 COVID-19 groups. Table 
2 displays the study data. Among each group, no 
statistically significant difference was found in 
the tumor stage, marital status, and distance from 
hospital. A total of 466 postoperative visits was 
performed in our facility (3.37 for each patient). 
Among groups, a statistically significant differ-
ence was found in number of telehealth visit in 
the two different time frames (1.75% vs. 51.68%; 
p<0.001), resulting in a reduction of 4312.38 km 
in total distance traveled. In the COVID-19 group, 
the mean value of TSQ was 72.4. Despite the high-
er rate of telehealth application in the COVID-19 
group, a similar rate of postoperative complica-
tions, which required procedures, were reported 
(10.14% vs. 7.24%, p=0.545). 

DISCUSSION

BC is the leading cause of oncological diagno-
sis, with more than 2 millions cases calculated 
each year worldwide10. After surgery, patients are 
routinary re-evaluated in the outpatients clinic to 
detect any early complications, which eventually 
delay multidisciplinary treatment30. In our clinic, 
before COVID-19 spread, a meticulous reevalu-
ation was considered mandatory to maintain the 
complication rate lower. 

However, as in other subspecialties, COVID-19 
pandemic determined a paradigmatic shift in dai-
ly clinical practice in BC, enhancing the applica-
tion of innovative protocols and reducing the ad-
mission in the hospital to reduce crossinfection31. 
For instance, precision oncology promoted novel 
protocols combining a reduction of side effects 
and the best treatment care32-34. Even radiation on-
cologists were not immune from this revolution, 
applying hypo fractionated protocols to obtain a 
systemic immunomodulating effect reducing the 
admission in the hospital35,36.

In our experience, besides technical innova-
tions, such as awake, radio guided-surgery, and 
tailored axillary procedure for each patient ac-
cording to age and tumor biology17,37-39, telehealth 
represented the real paradigmatic change in BC 
surgical care, promoting easier access to facility, 
without compromising long-term outcome40,41. In 
fact, in the present analysis we demonstrated how 
telehealth applications could provide a significant 
reduction in terms of greenhouse emissions with 
a significant reduction of access in the hospital 
without compromising the safety of the patients. 

Breast surgeons should consider the consequenc-
es of their actions and embrace the pillars of the cir-
cular economy, as in other professions. For instance, 

Statistical Analysis 

Categorical variables will be displayed as total 
and percentage, whereas continuous variables 
will be presented as means and standard devia-
tion. Mean values of the population will provide 
information to calculate the surgical footprint of 
BC surgical care. 

Preliminary study

In the present manuscript, we present the pre-
liminary results of patients in the postoperative 
follow up after breast conserving procedure. A 
retrospective analysis was carried out in our in-
stitution. The retrospective cohort study included 
BC patients with Stage I-III BC who underwent 
breast conserving procedure between 9th March 
2019 and 9th March 2021. The patients who met 
the criteria outlined above were divided into two 
groups based on the data of their intervention be-
fore and after the application of the national lock-
down in Italy (8th March 2020) (pre-COVID-19 
and COVID-19 group). All clinical data were 
collected from a prospective maintained data-
base and all our patients routinely sign informed 
consent for data analysis. All subjects in the pro-
spectively maintained database provided written 
informed consent for inclusion in the study. This 
study was conducted in accordance with the Dec-
laration of Helsinki of 1975 (as revised in 2013), 
and Ethical review and approval were waived for 
this study due to the retrospective monocentric 
design. Using propensity score matching (PSM), 
a 1:1 matched analysis according to age, sex, pre-
operative clinical stage, axillary node dissection 
(yes/no), histological subtype, tumor dimensions, 
prognostic and predictive factors (ER, PR, Ki67 
and HER2 status) has been carried out. Our study 
aimed to compare the number of postoperative 
surgical outpatients’ visits at one month; the av-
erage total distance traveled by the patients to 
reach the hospital at one month, and the average 
postoperative complication according to modified 
Clavien-Dindo classification28. All patients who 
perform telehealth visit in our facility usually 
perform 15-question Telemedicine Satisfaction 
Questionnaire (TSQ), already validated in diabet-
ic patients and recently in oncology patients29.

RESULTS

From 358 patients who performed surgery in our 
facility in the time frame, 276 patients who un-
derwent in breast conserving procedure for BC 
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footprint of different measures in order to improve 
the sustainability of the health care systems. Our 
further study will focus on awareness in breast 
surgery regarding carbon footprint of breast clin-
ical practice. 

Acknowledgements: 
None.

Funding: 
None.

Authors’ Contributions: 
Study conception and design: Marco Materazzo, Gianluca 
Vanni. Drafting of article: Marco Materazzo, Marco Pellic-
ciaro. Critical revision: Chiara Buonomo, Daniele Garozzo, 
Arianna Facchini. Critical revision of literature: Daniele 
Garozzo, Chiara Buonomo, Arianna Facchini. 
All the Authors read and approved the final version of the 
manuscript.

ORCID ID: 
Marco Materazzo: 0000-0002-3599-061X
Marco Pellicciaro: 0000-0001-9557-2850
Gianluca Vanni: 0000-0002-3006-5855

industrial and sustainable platforms were designed 
to produce extracts rich in polyphenols from vege-
table waste42. Polyphenols are bioactive compounds 
found in plants, robust evidence demonstrates their 
beneficial effects on frail patients43-46, and produc-
tion from vegetable waste could reduce the detri-
mental effect of increase in their demand. Breast 
surgeons should be aware health systems worldwide 
are implementing (e.g. delivering a net zero NHS 
by England NHS) zero-carbon programs to reduce 
their carbon footprint47. 

CONCLUSIONS

Physicians and surgeons, as leaders in the health 
care systems, should promote awareness of cli-
mate change and act as key players to reduce as 
much as possible the impact of health care on cli-
mate change. BC, the most common malignancy 
worldwide, could represent a good study model. 

A carbon net zero health system is mandatory 
to reduce as much as possible the negative effects 
of climate change on disease and mortality48. In 
the future, clinical trials should assess the carbon 

TABLE 2. Demographic Data variable. All continuous data are reported as mean and standard deviation (SD), 
categorical data are reported as number and percentage. 

Variable	 Pre-COVID-19 group	 COVID-19 group	 p-value
	 N=69	 N=69	

Age 	 58.25 (12.00)	 56.25 (11.15)	 0.656
Sex F (%) 	 69 (100%)	 69 (100%)	 1.000
Premenopausal status yes (%) 	 23 (33.33%)	 20 (28.98%)	 0.581
Tumor stage
    0-I	 34 (49.27%)	 31 (44.92%)	
    II	 31 (44.92%)	 33 (52.16%)	
    III	 4 (5.79%)	 5 (7.24%)	
Axillary node dissection yes (%) 	 35 (50.72%)	 38 (55.07%)	 0.608
Tumor subtype 
    Ductal carcinoma	 64	 63	 0.942
    Lobular carcinoma	 4	 6	
    Special Type 	 1	 0	
    ER 	 45.70% (31.93)	 47.45% (26.56)	 0.731
    PR	 50.59% (27.78)	 53.78 (30.30)	 0.532
    Ki67	 34.27 (18.70)	 34.94 (17.70)	 0.831
    Her2 overexpression yes (5)	 15 (21.73%)	 18 (26.09%)	 0.549
Marital status yes (%) 	 40	 43 	 0.734
Distance from the hospital km	 13.42 (6.58)	 17.53 (6.25)	 0.876
Outpatients’ visit
    Physical visit	 223 (98.24%)	 115 (48.31%)	 <0.001
    Telehealth	 5 (1.75%)	 123 (51.68%)	
Clavien Dindo complication 
    >2 yes (%)	 7 (10.14%)	 5 (7.24%)	 0.545
Telemedicine Satisfaction	 —	 72.4 	 — 
  Questionnaire (TSQ)
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