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Factors associating environmental degradation with human health have shown that air pollution is a source of morbi-mortality throughout the world. Unfortunately, hospitals are themselves "silent polluters". As healthcare professionals, we are the guarantors not only of quality of patient care, but also of proper hospital conduct. The aim of this attempt at clarification is to outline what can be done in the operating theater to reduce the environmental impact of the treatments we administer.

Our recommendations will go above and beyond regulatory frameworks and draw upon daily practice concerning waste management, energy consumption, utilization of anesthetic agents and multiple forms of waste. A number of French and international pilot experimentations have been carried out and could strongly contribute to the modification of clinical practices with a societal impact, at a time when ecology has become one of the main preoccupations of our fellow citizens.

•

The impact of climate change on the state of the planet, human health and biodiversity has been amply demonstrated.

•

Hospitals and operating theaters are "silent polluters".

•

A number of pilot experimentations have been carried out in France and other countries with the objective of reducing the ecological impact of our treatments in operating theaters; they need to be widened in scope and converted into routine practice.

•

Short-term avenues for improvement include: reduction of waste and single-use consumables, limitation of overpacking, amelioration of sorting procedures, reduction of water waste, lessened use of polluting anesthetic agents.

•

Long-term avenues for improvement include: creation of reliable channels for recoverable wastes, review of the life cycles of medical devices, designing of environmentally "neutral hospitals".

•

These transformations are necessary insofar as ecology is among the uppermost preoccupations of our fellow citizens.

Introduction

The year 2019 closed a decade that was highly exceptional in terms of global warming, ice melt and rising sea levels, all of which were exacerbated by the greenhouse gas effect brought about by human activities [START_REF] Woodward | Climate change and the surgeon: what is the problem? Why is it so hard? What can be done?[END_REF]. Greenhouse gas emissions are liable by 2100 to have practically doubled the quantity of carbon in the atmosphere, yielding a temperature increase of 4 to 5 degrees by the end of the century [START_REF] Rogelj | Global warming under old an new scenarios using IPCC climate sensitivity range estimates[END_REF]. With this scale of change, the planet will evolve into a totally new state, of which the precise consequences for humans and the natural systems on which we depend are largely unknown [START_REF] Wallace-Wells | The Uninhabitable Earth: A Story of the Future[END_REF].

Association between environmental degradation and human health has been convincingly demonstrated (4). Since 2007, the number of articles on health and climate change published in scientific reviews has increased by 182% [START_REF] Watts | The Lancet Countdown on health and climate change: from 25 years of inaction to a global transformation for public health[END_REF]. Air pollution has become a major cause of morbimortality throughout the world, especially in developing countries [START_REF] Cohen | Estimates and 25-year Trends of the Global Burden of Disease Attributable to Ambient Air Pollution: An Analysis of Data From the Global Burden of Diseases Study 2015[END_REF]. Destruction of the living and its biodiversity has jeopardized access to sources of nourishment and drinking water, while repeated heat waves have been exposing us to hypothermia, and disruption of ecosystems has led to the circulation of vector-borne diseases all over the planet.

It is consequently a matter of dire urgency to take into account these large-scale phenomena and to expeditiously alter our systems, our organization, our practices and our ways of thinking in view of facing up to future upheaval.

The aim of this attempt at clarification is to discuss the impact of our practices in the operating theater on sustainable development and to consider how to reduce their deleterious effect on the climate, while sensitizing surgeons to the issues involved.

The urgency of a change in our ways of thinking and our clinical practices

As healthcare professionals, we are guarantors of quality of patient care. And yet, our systems are large-scale producers of greenhouse gas emissions (GGE) (10 to 17% of the gross national product and 5 to 10% of GGE by country), thereby contributing to destruction of the living and the environment. This is a paradox in which operating theaters are the main actors. For example, a study published in 2017 on the carbon footprint of three operating theaters [START_REF] Macneill | The impact of surgery on global climate: a carbon footprinting study of operating theatres in three health systems[END_REF] showed they that produced large-scale quantities of greenhouse gas emission, with a mean total of 184 kg of CO2-equivalents by operative case, that is to say the equivalent of a car trip from Paris to Lyon and Lyon to Paris (8).

The operating theater consumes a practically innumerable number of resources (water, energy, single-use consumables, paper, medicines….) and generates multiple waste products while contributing to air and water pollution with the numerous liquid and airborne effluents it produces.

These different factors call for analysis and rethinking in view of massively reducing the carbon imprint of operating theaters and thereby limiting the deleterious effects of climate change and helping to improve the health of the overall population.

Health professionals are constantly confronted with everyday reality. Thanks to their collective intelligence and in-field knowledge, ideas will emerge leading toward elaboration of tools conducive to sustainable development (9).

The French and international regulatory framework

• Overall framework

During the negotiations of the 2015 United Nations Climate Change Conference in Paris (COP-21) the 195 signatory countries agreed to set a goal of limiting global warming to "well below 2°C" compared to pre-industrial levels. The Paris Climate Change Agreement also set as a goal for France a 40% reduction of GGE emissions by 2030. In addition and at a nationwide level, France has set up a regulatory framework for sustainable development. In the health sector, the national environmental health plan (PNSE) and its regional offshoots for 2015-2019 included 107 actions aimed at identifying the initiatives to be taken in view of improving health of the population by enhancing the quality of the environment in a perspective of sustainable development. On the same token, the 2014/2020 national strategy of energy transition toward sustainable development (SNTEDD) and the energy transition regulations originating from the Grenelle II law published in 2010 have rendered it compulsory to produce a report on greenhouse production every three years. The same laws compel companies with more than 500 employees, including most hospitals, to issue a "corporate social responsibility" report or, more currently, a "disclosure of extra-financial performance". The overall French framework may be defined as a means of having companies take into account the social, environmental and economic stakes of their strategic axes, production methods and management reports, the objective being to improve their different performances.

• The framework specific to treatment activities in operating theaters

As regards the waste products originating from health care, the applicable regulations define two large-scale categories (excluding radioactive, chemical and medical waste, and anatomical parts):

infectious medical waste (DASRI), and waste arising from care activities considered as non-dangerous and without infectious risk because not soiled by humans (DAS), which used to be known as household refuse and waste (DAOM). Except when they have been pretreated by disinfection, infectious medical waste products (DASRI) must be incinerated at 850°C, a temperature associated with "waste-to-energy" schemes or energy recovery. Unfortunately, this procedure not only fails to totally destroy DASRI, but also produces new pollutants with non-combustible residues and combustion gases, which contain heavy metals, dioxins and furans that are toxic for human beings and the environment alike. As for DAS waste products, they can be either incinerated or buried, with a sanitary as well as ecological impact (9). The 10 March 2016 decree mandated waste recycling and reclamation by instituting regulatory foundations for the sorting out and disposal of paper, glass, metals, plastic and wood by companies producing and stocking them.

In the health care sector, recovery of usable materials is possible only insofar as they have been assigned to the DAS stream; when classified as DASRI, their incineration is compulsory. However, and notwithstanding a clearly defined statutory framework, the actual sorting out of health care waste products, particularly in DASRI management, has remained problematic. Indeed, audits have reported DASRI proportions frequently higher than those recommended by the WHO (15%), a phenomenon generating increased economic and environmental costs and impeding material recovery and recycling of the different waste products (9).

How matters stand in the operating theater: wastes, water, energy and pollution by anesthetic gases

• Wastes

In France, the different health care facilities produce 700,000 tons of waste a year, a figure representing 3.5% of the nationwide total. By analogy, a routine surgical intervention generates more waste in one week than a family of four persons as a result of high energy demands, liters of water squandered, and continual utilization of single-use consumables (travel expenses and food waste not included…) (9). Mean per-operation production of carbon equivalent has been estimated at 184 kg-CO² equivalent, and on a worldwide scale, there are over 200 million cases a year of anesthesia [START_REF] Macneill | The impact of surgery on global climate: a carbon footprinting study of operating theatres in three health systems[END_REF].

And yet, many dysfunctions are readily identifiable (and potentially remediable): poor sorting out and trash recycling; unrestrained consumption of energy, water and papers; chronic pollution of operating theaters by anesthetic gases [START_REF] Muret | Le bloc opératoire durable[END_REF]. To reduce the quantity of waste products, it is necessary to determine the elements contributing to their overproduction, while remaining cognizant of the fact that 80% of the wastes associated with a surgical intervention are produced before the patient's entrance in the operating room [START_REF]What about anaesthetic waste? Association of Anaethestists of Great Britain and Ireland[END_REF] and are consequently collectible as household garbage or recyclable waste; they contain vast potential for sorting out and eventual recovery.

The first cause of waste overproduction consists in single-use consumables, most of them made of plastic, which are widely utilized in operating theaters and account for an appreciable volume of trash. As for over-packaging in plastic and paper, which ensure the sterility of medical equipment, it represents approximately 19% of the waste [START_REF]Reusable Totes, Blue Wrap Recycling and Composting[END_REF]. Lastly, in a typical healthcare institution surgical drapes and other textiles used in operating rooms account for 2% of the waste. In this setting, reduced single-use consumption could lower waste volume by 53%.

The second source of waste overproduction originates from medical consumables and devices removed from their packaging but not utilized; known in English as "overage" [START_REF] Rosenblatt | Assessment of the economic impact of an overage reduction program in the operating room[END_REF], this phenomenon has an ecological as well as a financial impact. The composition of surgical instrument sets is yet another source of expenses; it has been demonstrated that the cost of reprocessing an instrument (sterilization and packaging) ranges from 45 centimes to 2.5 euros, not counting the carbon cost. The proportion of instruments actually utilized during a typical surgical intervention ranges from merely 13 to 22% [START_REF] Mhlaba | Surgical instrumentation: the true cost of instrument trays and a potential strategy for optimization[END_REF].

The third source of waste overproduction is ascribable to anesthesia medications prepared but remaining unused. Utilization of a pre-filled ephedrine syringe has led to economization over a year of at least 57% in an operating theater [START_REF] Crégut-Corbaton | Impact économique des stratégies de recours à l'éphédrine en seringues préremplies[END_REF]. Utilization of other drugs in accordance with the same modalities (atropine, adrenaline, etc...) has likewise been proposed.

• Energy consumption

From an energy standpoint, operating theaters remain unused over 40% of the time. Large-scale financial savings and ecological economization (in the neighborhood of 60%, according to Dr El Hafiani, personal communication, hôpital Tenon, Paris) would be possible were air conditioning, ventilation and/or heating to be turned off when rooms are closed. And as in any company, lighting, computers and electrical apparatuses could likewise be turned off when not in use… As for the halogen lamps that were for many years the norm in surgical lighting systems, the arrival of lightemitting diodes (LED) has not only improved visual appearances, but also reduced energy expenses by as much as 49 % ( 16).

• Anesthetic agents

Inhalation anesthetics (IA) are strong greenhouse gases (GGE). Moreover, nitrous oxide is ozonedepleting [START_REF] Muret | Environmental impacts of nitrous oxide: no laughing matter! Comment on[END_REF]. A few simple gestures could limit the environmental impact of these agents and thereby reduce the carbon impact of our anesthesia procedures. Experts place global warming potential (GWP) in a 100-year time horizon as a means of measuring the impact of GGE on climate;

this simplified index takes into account the radiative properties and the atmospheric lifetime of the gas under consideration. For example, the impact of 1 Kg of GGE can be correlated with that of 1 Kg of CO2. The GWP100 of desflurane is 2540, while that of N2O is 298 and that of sevoflurane is 130, compared to that of CO2, which is 1.

Atmospheric lifetime is one of the main determinant parameters of GWP: 114 years for N2O, 14 years for desflurane and 1.1 years for sevoflurane. So it is that 1 hour of anesthesia with 50 % of N2O and fresh gas flow (FGF) of 1 liter is equivalent in terms of energy expenditure to driving a car for 154 km (nearly 100 miles) when Sevoflurane is used (2.5%) or for 316 km (close to 200 miles) when

Desflurane is used (5%). Following an 8-hour day in an operating theater, one "could" drive across

France with Sevoflurane or go all the way to Moscow with Desflurane! It also bears mentioning that these agents are weakly mobilized by humans (<5%). So it is that 95% of IAs are returned to the atmosphere via anesthesia gas scavenging systems (AGSS). Systems for recovery and recycling of halogen gases (Deltasorb®, Sagetech®…) are currently being developed and appear likely to reduce the environmental and economic costs associated with the use of halogen gases in anesthesia.

Recently, Ma et al [START_REF] Petre | A national survey on attitudes and barriers on recycling and environmental sustainability efforts among Canadian anesthesiologists: an opportunity for knowledge translation[END_REF] carried out a situational analysis of the "green" practices of Canada anesthetists, the objective being to assess their interest in the subject along with their shortcomings.

While they are ready to incorporate environmental sustainability in their practice, their efforts encounter major obstacles. The study underlines a need to imagine new educational programs and implementation strategies designed to assist practitioners in their routine activities.

• Multiple wastage

The example of the paper-based anesthesia file is instructive. At the Gustave-Roussy institute (Villejuif), as in many hospitals, the printing out of anesthesia reports had remained current practice.

Transfer of report data in digital form to the patient's digital file enabled elimination of the paper format and led to the economization of 50,000 pages of paper a year (plus the economization of ink) (9). On the same token, the ecological issues raised by the weekly delivery of 500 bottles of water (500 mL) to the operating theater for staff use was resolved through the installation of a fountain protected from bacterial contamination by means of a two-step sterilization procedure (cavitation and UV) (Behring®) and by the purchase of recyclable gourds (10).

Proposals for the future

• French experiences to be shared

Research is called upon to analyze the life cycles of medical equipment, the environmental impact of new technologies and the development of "green" settings and devices [START_REF] Mcgain | Workplace sustainability: the « cradle to grave » view of what we do[END_REF]. More specifically, reduction and reprocessing of single-use medical devices could diminish the climatic impact of hospital departments, surgical units included. Pooled experience with these exigencies in mind may be relayed in diversified structures by the creation of interdisciplinary groups having thought things through, and also by dedicated training programs and the implementation of concrete measures.

a. Waste sorting and recycling

Sorting out of the aforementioned DASRI/DAOM according to the infectious risk presented by waste products has proven effective in reduction of DASRI waste percentage and, as a result, of the economic and ecological costs of waste processing (DASRI processing expenses may be 6 times higher than those incurred by the processing of non-dangerous waste, and the carbon cost is multiplied by three). For example, during an awareness-raising campaign at the Paris-based Croix-Saint-Simon-Diaconesses hospital on the theme "A soiled object is not at risk!", posters, intranet sites, brochures and displays concerning the operating theater were put into place; concomitantly, the medical staff performed a "sorting out" exercise aimed not only at clarifying the notion of waste with infectious risk, but also at specifying the economic stakes of this type of operation. A new waste-separation grid put an end to DASRI collection bags in non-septic orthopedic units. In maternity wards, only the placenta is now considered as DASRI.

Too often, on the other hand, there is a tendency in French hospitals to lump together soiled material and possibly infective material and to throw out (in yellow bags) any object with which a patient has been in contact [START_REF] Muret | Le bloc opératoire durable[END_REF]. In the Paris-based Curie institute, practices have changed, leading in 6 months to a reduction of DASRI waste proportion from 50 to 20%. Waste is now collected four rather than 6 times a week. Auditing of these changes has revealed a reduction in annual waste management costs of 8000€ and 7.6 tons of CO2 equivalent, that is say 160 Paris-London round trips by plane, without taking recovery/recycling into account (Figure 1).

Once again at the Gustave-Roussy institute, the waste sorting grid for the operating theater has been substantially revised, taking into consideration container size, elimination of DASRI bags in the event of clean surgery, and development of micro-collectors of sharp/cutting/jagged objects that must be eliminated 72 hours after having been closed (rather than having been opened). Bolstered by the on-the-field educational initiatives including waste sorting demonstrations, DASRI volumes decreased by 43% in one year (9).

In the Rennes university hospital, selective waste sorting and recycling of recoverable wastes led to recirculation of metals, plastics, boxes, paper, plastic stoppers and plugs (in the framework of a "love cap" operation), and to the disposal of outdated or unused medicines. All in all, the program created an economic model allowing for reinvestment of the economized money in projects aimed at improving the reception of children admitted for operations [START_REF] Muret | Le bloc opératoire durable[END_REF].

b. The fight against pollution by anesthetic gases

Emission reduction strategies, particularly those designed to avoid anesthetic gases with high global warming potential and to promote implementation of alternative approaches to anesthesia (regional techniques, total intravenous anesthesia, hypnosis…) likewise yield ecological and economic gains. A retrospective study analyzing 34,097 anesthesia procedures carried out between 2006 and 2010 at the Gustave-Roussy institute evaluated the impact of reduced use of nitrous oxide on consumption of halogenated agents [START_REF] Laverdure | Impact of the decrease of nitrous oxide use on the consumption of halogenated agents[END_REF]. Lowered consumption of N2O (-70% during the study period) led to increased consumption of halogenated agents, of which N20 potentializes the action: +37% for desflurane and + 25% for sevoflurane. That much said, in terms of carbon cost the overall result was positive insofar as it decreased year after year from 234.70 to 58.67 tons of CO2 equivalent, which represents the equivalent of 1.2 million km (750,000 miles) covered by car, or the yearly distances covered by 100 cars under normal conditions of use.

c. The fight against waste (dress, sterilization, materials …)

During surgical interventions for appendicitis, for example, it has been shown that no benefit in treatment of appendicular peritonitis is derived from major perioperative washout of the abdominal cavity [START_REF] Slim | Will management of appendicitis have the same fate as management of duodenal ulcer?[END_REF]; for that reason, perioperative physiological serum can be safely economized. On the same token, enhanced recovery after surgery (ERAS) entailing diminished use of probes, drains and other consumables contributes to reduction in the number of waste products associated with perioperative care [START_REF] Slim | The benefits of enhanced recovery after surgery[END_REF].

As regards single-use outfits in the operating theater, a multicenter study showed that in spite of their being costly for establishments, they do not effectively contribute to reduction in surgical site infections for clean wounds [START_REF] Stapleton | Association of Disposable Perioperative Jackets With Surgical Site Infections in a Large Multicenter Health Care Organization[END_REF].

d. Responsible purchasing and procurement (production sites, materials, packages…)

The proportion of medicine purchases in a hospital stay-related group price ("GHS", in French) earmarked for operating theaters comes to 12.7% for a 2200-bed university hospital, while for sterile medical devices (SMD), it comes to 39.3% (9). The concept of custom packs could represent a viable alternative; single-use SMDs utilized for a specific type of intervention would be packed and sterilized in a single packet. The concept has been evaluated in ambulatory (urology) surgery in the hospital of Avranches (personal communication), where waste products were reduced by 80%, with a gain in time of more than one hour a day for nurses, and an annual extra cost that can be offset by treatment of additional patients rendered possible by the gain in time. In Nîmes, the pharmaceutical team has assessed these packs in settings for orthopedic and vascular surgery, yielding similar results: 96% reduction of waste products and a gain in time of 10 minutes for each intervention;

once again, the initial extra expense incurred by the hospital is amply justified (9).

• International experiences

At the international level, local initiatives have been multiple; in the framework of its recycling program, an American hospital may be able to recover as many as 4000 kilos of blue packaging used for the purposes of sterilization. In another initiative, consumables considered as overage can be collected, the objective being to have them distributed in low-resource countries by means of associations, one example being the Yale University REMEDY project (9). The University of Dartmouth has placed on line a calculator quantifying the carbon impact of medical practices [START_REF] Muret | Le bloc opératoire durable[END_REF]. An Australian experience (9) having to do with the conversion of a single-use piece of equipment into anesthesia equipment reusable in a hospital with six operating rooms brought about yearly economization coming to 46% (21,686 a year). Moreover, due to the essentially fossil origin of energy in Australia, single use may lead to only a 9% increase in CO2 emissions, but it should be borne in mind that singleuse material occasions additional costs for water use corresponding to more than 56,000 liters a year. The author went on to transpose the results to European and American models. Due to the presence of sources of decarbonized energy (clean energy and nuclear power), use of reusable anesthesia equipment in an equivalent European hospital would yield a reduction in CO2 emissions of 84%, that is to say 4873 kg ofCO2 equivalent a year [START_REF] Mcgain | Financial and environmental costs of reusable and singleuse anaesthetic equipment[END_REF].

The most accomplished "green bloc" example is the New Karolinska Solna (NKS) university hospital center in Stockholm. Following 16 years of planning, since 2017 it has been fully operational.

Covering some 330,000 m 2 , it was designed in view of incorporating new modes of patient management and the latest relevant technologies. The surgical environment was revisited and emphasis was placed on new technologies, especially as regards integrated systems and equipment monitoring affording to each person in the operating theater an enhanced sphere of activity. Its essential asset, however, consists in its having been conceived as climate-neutral. While it produces 65% of its own energy with 168 boreholes, 100% of the electricity consumed comes from renewable energy sources, including wind generation (20%). The buildings consume 40% less energy by m² than a "normal" building and are of Gold certification level (3 of the 4 buildings are currently being labeled) due to their outstanding energy efficiency in terms of one of the most rigorous international standards. The hospital corresponds to the production specifications of the county of Stockholm: healthy building and materials, strict waste management, rigorously controlled procurement process, minimally emissive transport, etc... From technology to workaday environment and outfits worn in an operating room, all aspects are in line with the most elevated standards (9).

Societal aspects of sustainable development

Any sustainable development project must be based on the three Ps of the triple bottom line: Planet, Profit and People [START_REF] Bidou | La pratique de l'hypnose en anesthésie diminue l'incidence du burnout des soignants[END_REF].

So it is that societal aspects such as life at work and the fight against sound pollution, violence and conflicts can be taken into consideration in the operating theater.

A telling example bringing together quality of life at work and ecology is offered in the study published in 2015 by doctors/anesthetists, management coaches and nurse/anesthetists, all of whom laid emphasis on the benefits of hypnosis as a means of protecting caregivers such as themselves from burnout, of which the high prevalence among anesthesia and intensive care professionals is well-known. Hypnosis presupposes a doctor-patient "therapeutic alliance" based on listening and empathy, active caregiver participation and lessened use of medications, all of which help to justify the "eco-concept". In addition to restoring a privileged physician-patient relationship in a signally technical setting, hypnosis engages the entire operating team insofar by fostering a specific and conducive atmosphere [START_REF] Bidou | La pratique de l'hypnose en anesthésie diminue l'incidence du burnout des soignants[END_REF].

On the same token, the Standing Patient project, in which rather than being carted into the operating theater on a stretcher, the patient comes in by foot, is illustrative of the eco-concept, bringing about reduced musculoskeletal injury among stretcher bearers, improved patient/caregiver relationships and an enhanced caregiver role [START_REF]Patient Debout : une approche logique et digne[END_REF]. By allowing a patient to arrive in an operating theater on his feet, several hospital establishments have redefined his or her role in a hospital setting. Five years ago, the Paoli-Calmettes cancerology institute (Marseille) imported this idea from North American hospitals; since that time, other hospitals have followed suit; economization and effectiveness go hand in hand.

Last but not least, the "One patient one team" awareness-raising campaign initiated by the Santé du médecin anesthésiste-réanimateur au travail (Smart) commission* of the Collège Français des Anesthésistes-Réanimateurs (CFAR) to promote cooperation among the different healthcare professionals working in technical services by using conflict prevention, management and analysis tools fulfills the exigencies related to the need for them to benefit from becalming and compassionfavoring conditions (27).

Conclusion :

The progression of climate change is such that physicians urgently need to mobilize, not only as regards research and treatment, but also and perhaps especially in terms of political action. It will be thanks to them, to their innovations and personal involvement, that changes shall emerge and lead to more sustainable practice (Figure 2). According to an Ipsos-Sopra Steria public opinion poll published in late 2019, the preservation of our environment has become the primary preoccupation of the French population, eclipsing their purchasing power and the social system (28). The multiple pilot experiences detailed in this article should go above and beyond simple waste sorting and be applicable as of now on a large scale. The stakes are major, the challenge being to transform hospitals from silent polluters into positively innovative societal and economic models. Mohandas Karamchand Gandhi 
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