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Abstract
Advancements in technology and surgical training programs have increased the 
adaptability of minimally invasive surgery (MIS). Gastrointestinal MIS is superior 
to its open counterparts regarding post-operative morbidity and mortality. MIS 
has become the first-line surgical intervention for some types of gastrointestinal 
surgery, such as laparoscopic cholecystectomy and appendicectomy. Carbon 
dioxide (CO2) is the main gas used for insufflation in MIS. CO2 contributes 9%-
26% of the greenhouse effect, resulting in global warming. The rise in global CO2 
concentration since 2000 is about 20 ppm per decade, up to 10 times faster than 
any sustained rise in CO2 during the past 800000 years. Since 1970, there has been 
a steady yet worrying increase in average global temperature by 1.7 °C per 
century. A recent systematic review of the carbon footprint in MIS showed a 
range of 6-814 kg of CO2 emission per surgery, with higher CO2 emission 
following robotic compared to laparoscopic surgery. However, with superior 
benefits of MIS over open surgery, this poses an ethical dilemma to surgeons. A 
recent survey in the United Kingdom of 130 surgeons showed that the majority 
(94%) were concerned with climate change but felt that the lack of leadership was 
a barrier to improving environmental sustainability. Given the deleterious 
environmental effects of MIS, this study aims to summarize the trends of MIS and 
its carbon footprint, awareness and attitudes towards this issue, and efforts and 
challenges to ensuring environmental sustainability.
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Core Tip: Many minimally-invasive surgeries (MIS) have better post-operative outcomes than their open counterparts. 
However, MIS requires using carbon dioxide to achieve pneumoperitoneum, sterilization, and production and disposal of 
equipment. Concerns over the iatrogenic transmission of infectious diseases have led to the preference for disposable 
equipment; however, disposable equipment has higher carbon footprints than reusable ones. This review summarizes the 
impact of MIS on carbon footprints, awareness and attitudes of relevant stakeholders towards environmental sustainability, 
and challenges in reducing carbon footprint in MIS.
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INTRODUCTION
The introduction of minimally invasive surgery (MIS) has revolutionized surgical practice. Advancements in technology 
and the incorporation of MIS techniques into surgical training have changed surgical teaching. General benefits of MIS 
include lower post-operative morbidity such as wound infection, reduced pain score, better cosmesis, and reduced length 
of hospitalization stay (LOS)[1]. Minimally invasive gastrointestinal surgery (MIGS) has been shown to have these 
benefits compared to open surgery in many benign and malignant conditions in upper gastrointestinal, hepatopancreato-
biliary, and colorectal disorders[2-4]. This is true even in emergency settings, such as appendicectomy, cholecystectomy, 
repair of perforated peptic ulcer (PPU) or emergency colorectal surgery[5,6].

Carbon dioxide (CO2) is the main gas used in MIS for insufflation. While direct CO2 emission is the obvious source of 
greenhouse gases (GHG), MIS also contributes indirectly to carbon footprint through the generation of waste, use of 
additional medical devices, and consumption of electricity (measured via the proxy of operative duration). Singh et al[7] 
in proposing a mandatory adoption of a standard set of metrics across the United States Health Care, recommended the 
classification of such emissions into 3 baskets: (1) Direct emissions; (2) Indirect emissions via purchased electricity; and (3) 
Indirect emissions via a myriad of other categories, including waste management, medicines, medical devices, etc.

CO2 is a key contributor to global warming, accounting for 9%-26% of the greenhouse effect[8]. Global CO2 emissions 
increased by 1.6% annually from 1970 to 2003, and accelerated to 3.2% annually from 2003 to 2011 due to rapid industrial-
ization in China[9]. According to the National Centers for Environmental Information’s 2021 Annual Climate Report, 
there had been an annual increase of 0.18 ºC in global temperature since 1981, with 2021 being the sixth warmest year on 
record[10]. Additionally, concerns over iatrogenic transmission of infectious diseases have led to the transition from 
reusable to disposable surgical instruments[11,12].

There is emerging evidence that while patients reap the benefits of MIS, the healthcare industry has become a major 
contributor to global carbon emissions. A report in 2018 found that a sizeable 9%-10% of carbon emissions arose from 
healthcare in the United States[13]. Another report demonstrated 4%-5% of the United Kingdom’s carbon emissions 
occurred from the National Health Service[14]. However, how much of this increase in CO2 emissions is due to MIS? A 
recent systematic review including eight articles reported a wide variation in CO2 emissions [range 6-814 kg CO2 
equivalents (CO2e)] for various surgeries, with higher CO2 emission in robotic surgery compared to laparoscopic surgery
[15]. Alongside the increasing trend of MIS in recent years due to increasing availability of technology and growing 
evidence of its superiority, there is a pressing need to review literature on the carbon footprint in MIS. Operation theatres 
contribute 3-6 times more towards carbon footprint compared to other areas of a hospital[16]. This is a growing concern 
and a call for environmental sustainability has been made by various surgical organizations. This narrative review aims 
to summarize literature on the CO2 emissions of the various types of MIGS and the awareness and attitude of the surgical 
community towards the environmental sustainability of MIGS. We also aim to review the challenges and efforts put into 
place to achieve environmental sustainability in MIGS.

IMPACT OF MIS ON CARBON FOOTPRINTS
Causes and contributory factors towards carbon emissions
While the initial aim of this review was to summarize the existing literature on CO2 emissions in MIGS, there is a paucity 
of scientific data about carbon footprints in MIGS specifically. Hence, this review will instead summarize evidence in MIS 
as a whole.

The literature on carbon footprints is summarized by the recent systematic review on laparoscopic and robotic surgery
[17]. Out of the six included studies, three studies were on gynaecological procedures[18-20], two were on a variety of 
procedures (gastrointestinal, gynaecological, urological etc.)[21,22], and one was on minimally invasive phaecoemulsi-
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fication[23]. Regarding the type of MIS (laparoscopy vs robotic), two studies exclusively reported on laparoscopy[19,22], 
three studies included a mix of robotic and laparoscopic surgeries[18,20,21], and one study was on phaecoemulsification
[23]. The carbon emission from MIS is not limited to only using CO2 for insufflation. In line with the recommended 
metrics by Singh et al[7], other categories of carbon emissions should also be tracked; sources of carbon emissions are 
present at all stages of MIS, starting from the production of disposables, energy and water use, anesthesia, to recycling, 
sterilization and disposal of equipment. Figure 1 summarizes the causes, awareness and challenges, and interventions to 
help reduce carbon footprint in MIS. Among the six included studies in the review by Papadopoulou et al[17], cataract 
phaecoemulsification had the least carbon emission of 6 kg CO2e per case[23], while robotic hysterectomy had the highest 
of 814 kg CO2e per case, which is about 135 times that of phaecoemulsification[18]. To put things into perspective, 150-170 
kg CO2e is equivalent to driving 450 miles (724.2 km) with an average petrol car[15]. Hence, a single robotic hysterectomy 
which produces 814 kg CO2e is equivalent to driving about 2289.4 miles (3684.4 km) using an average petrol car[15,17].

We will discuss a few issues related to the environmental sustainability of MIS. Firstly, it is apparent that data and 
science related to computing carbon footprint in healthcare are in their infancy and imperfect at best. Secondly, a 
particular surgery’s carbon footprint is determined by the operation theatre’s processes, procedures and protocols, and 
preoperative and postoperative care processes that a patient passes through. Regarding a certain surgery, there is no 
single “one size fits all” number on the CO2e per case as the emissions are determined by operating time, consumables 
used, disposable items used, and deviations from normal surgical conduct (for example open conversion). About 15 
million laparoscopic procedures are performed annually globally, with increasing use of single-use devices[24]. The fear 
of iatrogenic spread of infectious diseases fuels this transition towards single-use devices; Creutzfeld-Jacob Disease is an 
incurable and fatal neurodegenerative disease which may be transmitted despite standard sterilization processes[25]. 
Additionally, the ongoing highly contagious coronavirus disease 2019 (COVID-19) pandemic raises concerns about the 
use of reusable instruments. The Endoscopic and Laparoscopic Surgeons of Asia expert review recommends the use of 
disposable instruments where possible due to the risk of iatrogenic transmission[12].

Boberg et al[24] employed the life cycle assessment method to evaluate and compare the environmental impacts of 
single-use, reusable, and mixed trocar systems used for laparoscopic cholecystectomies at three Swedish hospitals and 
concluded that reusable instruments reduce both the environmental impact and financial costs for laparoscopic surgery 
compared to their disposable counterparts. A study by Rizan and Bhutta[26] on laparoscopic instruments used in laparo-
scopic cholecystectomy showed that the carbon footprint for a laparoscopic hybrid instrument compared to a single-use 
equivalent was 17% for a clip applier, 33% for scissors, and 27% for four ports. Use of a combination of hybrid laparo-
scopic clip appliers, scissors and ports for a single laparoscopic cholecystectomy also showed overall better environ-
mental sustainability [reduction of 74% in disability-adjusted life years (DALYs), 76% in loss of local species per year, and 
78% in impact on resource depletion][26]. A systematic review by Drew et al[27] similarly demonstrated that disposable 
equipment was associated with higher environmental impacts than reusable equipment. Conrardy et al[28] demonstrated 
potential cost savings of an average of 65% by using reusable basins, gowns, back table covers and mayo stand covers 
instead of single-use ones.

In view of environmental and cost concerns, institutions may have made the transition back from disposable to 
reusable instruments. Adequate sterilization is however necessary to eliminate the risk of iatrogenic transmission of 
infectious diseases. Use of steam is the commonest form of surgical sterilization[29]. Both electricity and water are 
required to power steam sterilizers when on standby, or active. McGain et al[30] reported considerable proportion of 
electricity (40%) and water (20%) used even when the steam sterilizer was on standby. They also reported that low steril-
ization load (< 15 kg) was less energy efficient, but was commonly used (about 1 in 3). Institutions need to be cognizant of 
the above, and factor this when considering the use of reusable instead of disposable equipment. Other methods of steril-
ization include the use of ethylene oxide (EO) or glutaraldehyde. EO is preferred over steam sterilization for instruments 
which cannot withstand high temperature and steam. Glutaraldehyde remains a relatively effective and inexpensive 
method of chemical sterilization, but poses occupational health hazards[31]. However, both methods similarly produce 
CO2 emissions[31,32]. Additionally, EO may have carcinogenic potential and poses occupational risks, though this risk is 
minimal with regulations on the safe use of EO[31]. Discussion on occupational health hazards however fall beyond the 
scope of this review.

CO2, which is a contributor of GHG emissions, is a widely used gas for abdominal insufflation as it is inexpensive, 
colourless, non-flammable and has higher blood solubility than air (i.e., lower risk of CO2 embolism)[33]. CO2 is absorbed 
by the peritoneum and delivered to the lungs via blood circulation, and undergo gaseous exchange[34]. However, CO2 is 
detrimental to both the environment and patient (e.g., hypercapnia, acidosis and cardiac arrhythmia)[35]. Other gases 
such as helium, argon, nitrogen and nitrous oxide have been introduced as alternatives for achieving pneumoperitoneum. 
Helium, argon and nitrogen are not GHGs and do not contribute to global warming. However, there is a lack of 
conclusive evidence on the safety of the use of those gases for abdominal insufflation and still requires further research
[36].

Technological advancements have also revolutionized laparoscopic surgery and allowed the use of single-incision 
laparoscopic surgery (SILS)/single-port laparoscopic surgery (SPLS) in both benign and malignant diseases; SILS/SPLS is 
associated with better cosmesis, reduced LOS, shorter time to first flatus/diet and lesser post-operative pain[37-39]. While 
there are no studies reporting the carbon footprint of reusable single-ports, we postulate that this may reduce carbon 
footprint due to reduced quantity of instrument used. Operating time, complexity of surgery and hospital surgical 
volume are also important culprits for carbon emissions. Complex surgeries require longer operating time; tertiary 
specialized centers have higher caseloads and also perform more complex operations due to availability of subspecialty 
services and technical capabilities. A greater volume of anesthesia gas and CO2 (used for abdominal insufflation) is 
required. Anesthesia gas has been shown to be the primary source of carbon footprint in some institutions[16].
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Figure 1 Diagram summarizing the causes, awareness and challenges, and interventions to reduce healthcare carbon footprint in 
minimally invasive surgery.

The introduction of energy devices in MIS has also changed surgical practice; they can be used for dissection, 
coagulation, and resection of tissues. Some energy devices are favored for coagulation of tissue with minimal injury to 
surrounding structures (e.g., ultrasonic devices), while other devices are favored for haemostasis (e.g., bipolar electro-
cautery devices). However, thermal destruction of tissues results in the production of surgical smoke. Beebe et al[40] 
showed that electrocautery of tissue during laparoscopic cholecystectomy produced a median concentration of 345 ppm 
of carbon monoxide 5 min after the use of electrocautery. CO2 has also been shown to be present in surgical smoke[41]. 
Extensive dissection/coagulation of tissue will result in excessive surgical smoke production which may obscure 
surgeons’ vision and will need to be released externally from the intra-peritoneal cavity; this contributes to GHG and 
global warming. Use of larger trocars (e.g., 10-mm) and manipulation of trocars during insertion of laparoscopic 
instruments also result in gas leak[42]. Additionally, surgeons may practice continuous low suction of smoke to improve 
laparoscopic vision, but this will result in more CO2 use and waste.

Lastly, while both laparoscopic and robotic surgery are MIS, robotic surgery has been shown have superior short-term 
outcomes (e.g., reduced intra-operative blood loss, shorter LOS)[43]. This may be due to more precise movements 
(elimination of hand tremors)[44], depth perception, and prior surgical experience (surgeons performing robotic surgery 
usually have experience in laparoscopic surgery first)[45]. However, this comes with a cost; robotic surgery is also 
associated with increased carbon footprint. Thiel et al[18] showed that robotic hysterectomy had 43.5% higher GHG 
emissions compared to laparoscopic hysterectomy, and Woods et al[20] showed that robot-assisted endometrial cancer 
staging has 38% higher CO2e vs traditional laparoscopy. One contributing factor may be due to increased operating time 
in robotic surgery[43]. However, Thiel et al[18] showed that the production of disposables (e.g., gowns, bluewrap, drapes 
and film packaging wrappers) was the main contributor to multiple environmental impacts in robotic hysterectomy. 
Additionally, another reason for increased carbon footprint in robotic surgery may be due to the limited lifespan of 
instruments. The most commonly used robotic surgical system is the da Vinci Surgical System (Intuitive Surgical, 
Sunnyvale, CA, United States of America). However, the robotic instruments are preset for 10 uses regardless of the 
length of use or the type of task performed[46]. To add on, surgeons may replace instruments prematurely should there 
be sub-optimal performance. A study by Ludwig et al[47] on robot-assisted laparoscopic radical prostatectomy found that 
there was premature exchange of monopolar curved scissors in 12.4% of all cases, while the exchange rate for Prograsp 
forceps, large needle drivers and fenestrated bipolar forceps were less than 2%. This may be due to the nature of the 
instruments; scissors are required for surgical dissection. Excessive use may result in wear and tear of the scissors, 
resulting in poor performance and warrant the need for early exchange. To add on, information is limited on the arbitrary 
number of “10” uses per instrument[48]. With low exchange rates, it is possible that the instruments may be used for 
more than stipulated “10 cases” without patient risk.

Clinical impact of carbon emissions on patients
On top of the above information presented on the contributors towards carbon emissions in MIS, it is also important to 
understand its clinical impact. DALY and quality adjusted life year (QALY) are two common indicators used to measure 
disease burden in a population. DALY is defined as the sum of years lost due to premature mortality and years lived with 
disability due to the prevalent cases of the disease or health condition[49]. QALY is defined using a quality of life score 
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estimated using the years of life remaining for a patient following a particular treatment or intervention[50]. One DALY is 
defined as the loss of equivalent of one year of full health, and one QALY is defined as one year of perfect health.

Using the 2013 United States healthcare sector life cycle emissions, the life cycle GHG emissions associated with United 
States health care activities was estimated to cause an additional 123000 to 381000 DALYs annually[13]. The main 
complications of climate change resulting in DALYs were malnutrition (49%-63%), which is of greatest concern in 
agricultural areas located on floodplains or lack irrigation. Other main contributors to total DALYs were increased 
incidence of malaria and diarrhoea, due to lengthening of warm seasons and expanding geographic range of disease 
factors[13]. Looking into procedure-specific DALY, Papadopoulou et al[17] performed a speculative analysis of the 
DALYs averted in 10 years post-surgery per ton of CO2e or waste produced. Expectedly, DALY averted was the highest 
in surgeries with low carbon and material footprint, since this would correlate to more surgeries performed per tonne of 
CO2e or waste produced. Phaecoemulsification had 125 DALYs and 3420 DALYs averted per tonne of CO2 and waste 
respectively[23]. Robot-assisted hysterectomy, which had the highest CO2e, had the lowest benefit, with 2 DALYs and 72 
DALYs averted per tonne of CO2 and waste respectively[18].

AWARENESS AND ATTITUDE ON ENVIRONMENTAL SUSTAINABILITY
Increasing research on environmental sustainability has shown the impact of MIS on carbon footprints and global 
warming. Environmental sustainability is a global issue which may not be directly felt or perceived by an individual. 
Stakeholders and surgical staffs should be aware of the environmental impact of MIS. A survey on 130 surgeons and 
surgical trainees in the United Kingdom and Ireland showed that majority (94%) of respondents were concerned about 
the threat of climate change[51]. Most of the respondents were also willing to make changes to their clinical practice to 
improve environmental sustainability[51]. This is in alignment with the ethical principle of precaution, suggesting high 
moral values of respondents. However, this is confounded by the fear of changing from the “norm” of surgical practice - 
for instance, disposable equipment is generally preferred to reusable equipment due to the fear of iatrogenic transmission 
of diseases, especially during the COVID-19 pandemic[12,25]. Industries tap on this fear to manufacture the required 
products. Individual surgeons do not feel the financial burden from institutional purchase of equipment, since these are 
covered by their institutions. This leads to a vicious cycle of rising GHG emissions and healthcare costs. Currently, 
reporting of GHG emissions is voluntary in the United States and there is no standardized set of metrics for monitoring 
GHG emissions and setting a benchmark on what is deemed “acceptable” for healthcare institutions[7]. Mandatory 
reporting of carbon footprint will allow tracking and auditing of additional costs incurred[7]; Trinks et al[52] showed that 
on average, 0.1% higher carbon efficiency is associated with 1.0% higher profitability. This will instead motivate 
industries to shift towards reducing carbon footprint.

A survey on 166 obstetrics and gynaecology (ObGyn) physicians (attending surgeons, fellows and trainees) in the 
United States showed that 84% of ObGyn physicians were concerned about global warming. While results shown by the 
surveys are optimistic, with majority of surgeons feeling the threat of global warming, it is however still concerning that 
there is a sizable number of respondents who felt that global warming is not of concern (range 4%-16% in the surveys by 
Harris et al[51] and Thiel et al[53]). Similarly, on top of stakeholders, consumers should also be aware of the environ-
mental impact of MIS. The same survey by Thiel et al[53] compared ObGyn physicians with the general population in 
United States; they showed that the general population was less likely to believe that global warming is a concern 
compared to ObGyn physicians (54% vs 84%, P < 0.001).

However, efforts to improve environmental sustainability should not be limited to clinical practice and lies on the 
responsibility of every individual. It is promising to know that most surgeons and surgical trainees surveyed changed 
their routines and practices in their personal lives to improve environmental sustainability[51]. In line with this, the Royal 
College of Surgeons of United Kingdom and Ireland has recently proposed a “Green Theatre Checklist” comprising of 
four elements - anesthetic care, preparation for surgery, intraoperative practice and postoperative measures - to be 
conducted at the start of operation[54]. The preoperative checklist items include using reusable textiles, reducing water 
use for hand scrub, reducing unnecessary procedures (e.g., antibiotic administration or urine catheterization) or ordering 
unnecessary investigations (e.g., histology or microbiology). The intraoperative checklist items include review and 
rationalise (surgeon preference lists, instrument sets etc.), reduce (“don’t open it unless you need it”), reuse, and replace 
(sutures vs clips). The postoperative checklist items include recycle (waste disposal), repair (rather than discard and 
throw reusable items) and power off (lights, computers, etc.).

CHALLENGES AND EFFORTS IN ENSURING ENVIRONMENTAL SUSTAINABILITY
The United Nations Educational, Scientific and Cultural Organization Declaration on the Responsibility of the Present 
Generations Towards Future Generations was adopted in November 1997[55]; article 4 describes the need for preser-
vation of life on Earth, while article 5 describes the need for protection of the environment. For instance, article 5 states 
that “In order to ensure that future generations benefit from the richness of the Earth’s ecosystems, the present 
generations should strive for sustainable development and preserve living conditions, particularly the quality and 
integrity of the environment”. In the context of surgical advancements, developments in MIS have led to improvement in 
patient outcomes. However, this development needs to be sustainable to ensure that future generations continue to 
benefit.
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While every individual plays a part in ensuring environmental sustainability, changes in practices need to be 
supported by institutional efforts. The survey by Harris et al[51] showed that a large proportion (70%) of 130 respondents 
(surgeons and surgical trainees) felt that there was a lack of leadership to help improve environmental sustainability. We 
described causes of carbon footprints in the above section: From the production of disposables, energy and water use, 
type of anesthesia, to recycling, sterilization and disposable of equipment. Interventions may be employed at any stage to 
reduce carbon footprints.

Thiel et al[19] analysed various interventions to reduce the carbon footprint in laparoscopic hysterectomy; they showed 
that exclusive use of propofol for anesthesia generates a 28% reduction in GHG emissions. Similarly, MacNeill et al[16] 
showed that avoidance of desflurane as an anesthetic agent resulted in nearly 90% reduction in GHG emissions. Other 
interventions include minimizing material use and selecting reusable surgical instruments (except for ports and 
insufflator) (about 50% GHG reduction) and reuse of surgical instruments through single-use device reprocessing (about 
10% GHG reduction)[19]. In addition, vaporized hydrogen peroxide (VHP) sterilization has been shown to be effective in 
a prospective in-vitro animal experiment; Scharf et al[56] inoculated ports, cannulas, and tubing with Staphylococcus 
pseudintermedius and Escherichia coli to determine the sterilization ability of VHP and found no difference in bacteri-
ological scores between treated ports, cannulas, and insufflation tubing and the negative control port and components; 
and concluded that in veterinary patients, a single-use single-incision laparoscopic port and its associated components 
can be effectively sterilized by using VHP.

Reuse of disposable items is common in many middle- and low-income healthcare systems to reduce healthcare costs, 
so much so that it is an acceptable norm to do so. It is not the purpose of this review to propose a shift in culture of high-
income healthcare systems, but to stimulate the rational thinking, if it is worthwhile to dispose an item over the remote 
risk of fluid-borne disease transmission. If we can ration resources and prioritize care delivery during a pandemic, we can 
do the same for elective endemic issues too. There is very little scientific data to determine if reusable laparoscopic 
instruments are safe. Siu et al[57] conducted a systematic review on reusable and disposable laparoscopic equipment and 
concluded that cost-saving methods, environmental-friendly methods, global operative costs, hidden costs, sterilization 
methods and quality assurance systems vary greatly between studies; this makes it difficult to compare between single-
use and reusable instruments. While there are other causes of carbon footprints, such as the production of disposables 
and disposable of equipment, these interventions (maximizing recycling, minimizing regulated medical waste and using 
reusable gown and drapes) have been shown to have minimal reduction (< 5%) in GHG emissions[19]. The reuse of 
instruments does not result in loss of instrument effectiveness or ease-of-use until a certain threshold limit; reusing 
equipment in general is also not considered unsafe practice. In laparoscopic bariatric surgery patients, Yung et al[58] 
reported that reusable ultrasonic shears had cost savings that increased with the number of cases without negatively 
affecting complication rate and ease-of-use.

The above discussed measures have more apparent and “direct” impact on reducing carbon footprint. However, there 
are other “indirect” ways of reducing carbon footprints in surgery. Administration of prophylactic antibiotics is 
recommended about 30 to 60 min prior to skin incision to reduce the risk of post-operative surgical site infections[59]. The 
use of prophylactic antibiotics for some surgical conditions, however, has not been well-established. For instance, 
evidence is equivocal on the use of prophylactic antibiotics in sterile severe acute pancreatitis (AP)[60,61]; however 
compliance to guidelines is poor - there were 53.4% and 83.4% of patients who received prophylactic antibiotics for mild 
and severe AP respectively[62]. Unnecessary use of antibiotics not only results in undesired adverse drug reactions, drug 
resistance, but also results in pharmaceutical waste[63]. Tauber et al[64] estimated that potentially 23000 to 105000 million 
tonnes per year were generated from unused quantities of eye drops, ocular injection and systemic medication pharma-
ceuticals after cataract surgery. Another example would be the routine intra-operative collection of fungal culture in PPU
[65]; Kwan et al[65] showed that while fungal isolates are commonly collected intra-operatively for PPU, the presence of 
fungal isolates was not an independent predictor of post-operative outcomes. Unnecessary microbiology testing results in 
waste of consumables (e.g., bottle for collection, petri dish for culture and cardboard used for packaging of consumables
[66]), and this can be reduced with ongoing research to identify whether “routine” tests are truly indicated.

Education of individual on environmental sustainability
The lack of awareness towards environmental sustainability may be attributed to lack of institutional efforts. For instance, 
the survey by Harris et al[51] showed that only 12% of respondents reported having received education or training in 
environmental sustainability within their trust. This is contrary to the individuals’ enthusiasm (85% of respondents) in 
such education or training[51]. Implementation of educational and training programs have shown to be successful. For 
instance, Wyssusek et al[67] implemented a quality improvement and recycling program for waste management; 
educational sessions were conducted regularly for operating theatre staff members on appropriate waste segregation. 
Through the use of the Plan-Do-Study-Act model with a span of 5 years, they reduced the amount of clinical waste 
produced by the operating theatre by 82%, and total amount of operating theatre waste by more than 50%[67].

CONCLUSION
This review highlights the sizable impact of MIS on carbon footprint and environmental sustainability. CO2 emissions 
begin from the production of disposables, energy and water use, anesthesia, to recycling, sterilization and disposable of 
equipment. While surgical staffs are aware of the issue of global warming, there is a lack of leadership and education in 
this area. Educational and training programs should be conducted to improve awareness and reduce carbon footprint.
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