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Background: The increasing emphasis on sustainability and digitalization has brought telemedicine to the forefront, particularly in bariatric surgery. This study evaluates the safety, clinical effectiveness and environmental impact of telemedicine for patients with obesity eligible for bariatric surgery.



Materials and methods: A total of 338 patients underwent remote consultations via Zoom in 2023. Median age was 38 years (±4); 70% of patients were female. Mean BMI before surgery was 43 kg/m2 (±5). Surgical procedures included One Anastomosis Gastric Bypass (50%), Sleeve Gastrectomy (20%), Roux-en-Y Gastric Bypass (20%), revisional surgery (8%), and other procedures (2%). CO2 emissions were estimated based on the avoided travel, considering patient-reported transportation methods and distances. All patients were later evaluated in person before hospital admission. The primary outcome was environmental impact; the secondary outcome was whether remote evaluations influenced surgical indication or perioperative management.



Results: Remote consultations reduced total travel emissions from 50,766.01 kg to 17.73 kg CO2, a 99.97% reduction (from 150.20 kg to 0.05 kg per patient). No patients required additional telemedicine or outpatient visits. Surgical indications and preoperative plans remained unchanged after in-person consultations. Postoperative complications occurred in 7.4% of patients, all minor and managed conservatively. There was no mortality. Median length of stay was 2.6 ± 3 days. At one-year follow-up, the mean BMI decreased to 29 kg/m2 (±3). In the revisional surgery group, percent excess weight loss reached 75.4% at one year.



Conclusion: Telemedicine in bariatric surgery is safe, effective, and significantly reduces environmental impact. Remote consultations did not alter clinical decisions or outcomes. Wider adoption could benefit from dedicated digital tools to enhance patient care and sustainability.
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Introduction

As the years go by, sustainability and digitalization increasingly dominate public opinion and beyond (1, 2). Over time, people have become more aware that there is no “Planet B,” and thus, sustainability must be applied, as much as possible, to all fields, including medicine (3). COVID-19 was a terrible misfortune that forced the entire world to face unprecedented conditions, affecting everyone, especially the most vulnerable populations (4–6). Overnight, the entire global population had to deal with a pandemic and lockdowns (7–9). This terrible event did not only bring negative outcomes but also brought many new insights that we didn't have before. Examples include smart working (10, 11), digitalization and, above all, telemedicine (12–15). In times of extreme necessity, it has been shown that online medical consultations can be conducted remotely and safely. Moreover, considering the recent advent of artificial intelligence (16), the potential developments of this practice are truly endless. Returning to medicine, it must be said that obesity (17) is a serious and complex condition that cannot always be addressed with diet alone (18, 19). Obesity has been increasing at an alarming rate and, in recent years, has evolved into a global pandemic (20). In Italy, there has been an incredible upward trend in bariatric surgery procedures (21, 22). This is due both to the increasing number of bariatric patients and to the fact that bariatric surgery is becoming increasingly safe and is offering a wide diversity of options (23–26), allowing for patient-tailored procedures that meet the specific needs of this heterogeneous population. Telemedicine has attracted significant attention for its potential to enhance healthcare access while also reducing environmental impacts, with numerous studies backing these claims (27–31). This study aims to evaluate the application of telemedicine in patients with obesity initiating a bariatric surgery path, focusing on its clinical safety, efficiency, and environmental sustainability. Specifically, it investigates whether remote preoperative consultations can represent a valid alternative to in-person visits, ensuring comparable clinical outcomes while significantly reducing the carbon footprint associated with patient travel.



Materials and methods

The study analyzes and considers the online medical consultations (initial consultation) conducted by a single experienced bariatric surgeon in 2023 (from 1/01/2023 and 31/12/2023). The study was conducted according to the international ethical recommendations on clinical research established by the Helsinki Declaration and in accordance with STROBE criteria (32).


Study design

Retrospective single-centre study analyzing the environmental impact of video consultation (VC) in bariatric surgery.

All patients were referred to us for a VC, only after an initial evaluation by their primary care physician or a surgeon without specific expertise in bariatric surgery.

The consultations were conducted via video conference on Zoom and had an average duration of 20 min, comparable to in-person consultation. Online consultations are an alternative offered by our unit in place of in-person consultations conducted at Maria Cecilia Hospital – GVM Group located in Cotignola (RA). During the VC, we collected the patient's medical history, reviewed any available instrumental and laboratory test results, and, most importantly, assessed the patient's eligibility for bariatric surgery by considering a potential surgical approach. When investigations provided were not enough, new tests were asked and reviewed at the subsequent consultation. The necessary standard tests were: esophagogastroduodenoscopy, complete blood tests, psychiatric evaluation, spirometry in cases of obstructive sleep apnea syndrome, and cardiology consultation with echocardiography in the presence of cardiovascular issues.

This VC did not replace the initial in-person surgical consultation, which was conducted directly by an experienced bariatric surgeon during the pre-hospitalization phase (generally 2–5 days before the scheduled procedure). In this in-person visit, the eligibility of the patient with obesity for surgery was confirmed or rejected, and the appropriate type of surgical intervention was determined as well as the need for further investigations.

Patients were informed that any indications given on VC were not final but needed confirmation during in-person consultation.

Preoperative and postoperative data was also collected. Complications were classified according to Clavien-Dindo.



Patients selection

All patients who had a remote consultation during the study period were included. There were no exclusion criteria. During the study period, patients were also seen in-person at our centre's outpatient clinic. The choice between remote vs. in-person consultation was based solely on patients' preference.



Outcome measures

The primary outcome was the reduction of CO2 emissions following a telemedicine approach compared with a hypothetical in-person approach.

Secondary aim of the study is to assess whether there have been any changes in the clinical course of patients at the time of hospital admission following pre-hospital care. In particular, variables of study were confirmation of indication, need for adjunctive pre-operative exams and significant changes in planned management.



Data analysis

To evaluate the environmental impact of each patient in terms of kg CO2 (kilograms of carbon dioxide) emitted, it was considered a round trip for all initial consultations, adding passenger cars and plane emissions, multiplied by the number of visits carried out in 2023 for each Italian region.

Microsoft Excel v. 16.90.2 was used for emissions calculation.

These following assumptions have been considered to collect data:


	(a)Use of Google Maps on Google Chrome browser v. 128.0.6613.114 to calculate transport distances related to patients who reach Maria Cecilia Hospital.

	(b)It was assumed that all patients living within 500 km from Maria Cecilia hospital traveled by car from the main city of the patient's region of origin, while above this cut-off it was assumed they would had traveled by plane to Bologna and then by car.

	(c)Emission factor for cars is 161.92 gCO2/km, based on the EMEP/EEA air pollutant emission inventory guidebook 2019 and on the 2006 IPCC Guidelines relating to greenhouse gases (33). It is related to all passenger cars category in terms of engine power supply, selecting CO2 pollutant.

	(d)Emission factor for plane is 123 gCO2/km for passenger (34).

	(e)Emission factor for virtual meeting is 157.34 gCO2/h (35). The emission factor was related to an average duration of 20 min to in-person consultation for total emission calculation.





Ethics

All patients provided informed consent for the treatment performed and for data collection. Prior to initiating the online video consultation, all patients accepted Zoom's privacy conditions. No images or videos of the consultation were recorded. According to local institutional review board, ethical approval for retrospective studies is not required.




Results

The number of patients who were seen remotely during the study period was 338.


Patients's demographics

Median age was 38 years (±4 years), 70% (n. 237) were females and 30% (n. 101) male. Mean BMI before surgery was 43 kg/m2 (±5 kg/m2) for the entire study population. 50% (n. 169) had underwent One Anastomosis Gastric Bypass, 20% (n. 68) Sleeve Gastrectomy, 20% (n. 68) Roux-en-Y Gastric Bypass, 8% (n. 27) revisional surgery (18 for bile reflux and 9 for weight regain) and 2% other types of bariatric surgery.

Baseline characteristics are summarized in Table 1.



TABLE 1 Patients's demographics.



	Patient's characteristics



	Median age (±SD)
	38 (±4) years



	Sex (%)
	F 237 (70%) – M 101 (30%)



	BMI before surgery
	43 kg/m2 (±5 kg/m2)



	Type of bariatric surgery



	One anastomosis gastric bypass
	169 (50%)



	Sleeve gastrectomy
	68 (20%)



	Roux-en-Y gastric bypass
	68 (20%)



	Revisional surgery
	27 (8%)



	Other types of bariatric surgery
	6 (2%)









Primary outcome: emissions

Total travel emissions from the 338 patients in this study would have amounted to 50,766.01 kg CO2 (150.20 kg CO2 on average per patient). By conducting the outpatient visits remotely, their environmental impact was reduced to 17.73 kg CO2 (0.05 kg CO2 on average per patient). The percentage of reduction is thus −99.97% (Tables 2–4).



TABLE 2 Travel-related CO2 emissions by Italian region.



	Region
	Car emission factor [gCO2/km]
	Plane emission factor [gCO2/p*km]
	Visits/year
	Distance to MCH (km)
	Travel emissions (kgCO₂)





	Sicilia
	161.920
	123.000
	182
	1,261
	34,873.92



	Calabria
	161.920
	123.000
	12
	949
	2,411.56



	Lombardia
	161.920
	123.000
	7
	269
	609.78



	Piemonte
	161.920
	123.000
	6
	385
	748.05



	Lazio
	161.920
	123.000
	21
	369
	2,509.38



	Toscana
	161.920
	123.000
	16
	133
	689.11



	Abruzzo
	161.920
	123.000
	23
	355
	2,644.09



	Puglia
	161.920
	123.000
	14
	628
	2,217.67



	Emilia-Romagna
	161.920
	123.000
	21
	44
	299.22



	Campania
	161.920
	123.000
	10
	564
	1,301.15



	Umbria
	161.920
	123.000
	7
	199
	451.1



	Veneto
	161.920
	123.000
	9
	202
	588.73



	Liguria
	161.920
	123.000
	5
	326
	527.85



	Sardegna
	161.920
	123.000
	3
	–
	704.0



	Friuli -Venezia Giulia
	161.920
	123.000
	1
	306
	99.09



	Molise
	161.920
	123.000
	0
	487
	0.0



	Marche
	161.920
	123.000
	0
	187
	0.0



	Trentino - Alto Adige
	161.920
	123.000
	1
	282
	91.32



	Basilicata
	161.920
	123.000
	0
	624
	0.0



	Total
	
	
	
	
	50,766.01









TABLE 3 Videoconferencing-related CO2 emissions by Italian region.



	Region
	Visits/year
	First visit duration (h)
	VC emission factor [gCO2/h]
	VC emissions (kgCO₂)





	Sicilia
	182
	0.33
	157,34
	9.55



	Calabria
	12
	0.33
	157,34
	0.63



	Lombardia
	7
	0.33
	157,34
	0.37



	Piemonte
	6
	0.33
	157,34
	0.31



	Lazio
	21
	0.33
	157,34
	1.1



	Toscana
	16
	0.33
	157,34
	0.84



	Abruzzo
	23
	0.33
	157,34
	1.21



	Puglia
	14
	0.33
	157,34
	0.73



	Emilia-Romagna
	21
	0.33
	157,34
	1.1



	Campania
	10
	0.33
	157,34
	0.52



	Umbria
	7
	0.33
	157,34
	0.37



	Veneto
	9
	0.33
	157,34
	0.47



	Liguria
	5
	0.33
	157,34
	0.26



	Sardegna
	3
	0.33
	157,34
	0.16



	Friuli -Venezia Giulia
	1
	0.33
	157,34
	0.05



	Molise
	0
	0.33
	157,34
	0.0



	Marche
	0
	0.33
	157,34
	0.0



	Trentino - Alto Adige
	1
	0.33
	157,34
	0.05



	Basilicata
	0
	0.33
	157,34
	0.0



	Total
	
	
	
	17.73









TABLE 4 Comparison of travel vs videoconference emissions.



	Region
	Travel emissions (kgCO₂)
	VC emissions (kgCO₂)





	Sicilia
	34,873.92
	9.55



	Calabria
	2,411.56
	0.63



	Lombardia
	609.78
	0.37



	Piemonte
	748.05
	0.31



	Lazio
	2,509.38
	1.1



	Toscana
	689.11
	0.84



	Abruzzo
	2,644.09
	1.21



	Puglia
	2,217.67
	0.73



	Emilia-Romagna
	299.22
	1.1



	Campania
	1,301.15
	0.52



	Umbria
	451.1
	0.37



	Veneto
	588.73
	0.47



	Liguria
	527.85
	0.26



	Sardegna
	704.0
	0.16



	Friuli -Venezia Giulia
	99.09
	0.05



	Molise
	0.0
	0.0



	Marche
	0.0
	0.0



	Trentino - Alto Adige
	91.32
	0.05



	Basilicata
	0.0
	0.0



	Total
	50,766.01
	17.73









Secondary outcome: telemedicine and clinical decision

All patients were evaluated in person during pre-hospitalization. No patient required additional telemedicine or outpatient follow-up visits before surgery. The indication for surgery was never changed after in-person consultations nor was patient management in terms of need for additional investigations. The current status of the patient was never found to be significantly different to that estimated by remote evaluation.



Postoperative outcomes

Postoperative outcomes are summarized in Table 5.



TABLE 5 Postoperative outcomes.



	Complications and length of stay



	Median length of stay (±SD)
	2.6 (±3) days



	Mortality (%)
	0 (0%)



	Major complications
	0 (0%)



	Minor complications (CD 1 or 2)
	25 (7.4%)



	Succes of bariatric surgery



	BMI after surgery
	29 kg/m2 (±3 kg/m2)



	%EWL in the revisional group
	43.7% at six months75.4% at one year



	Telemedicine



	Change of indication for surgery after in-person consultation
	0 (0%)



	Additional investigations required after in-person consultation
	0 (0%)








Complications and length of stay

Mortality was nil and there were no major postoperative complications. Minor complications were 7.4% (n. 25) and included postoperative anemia (n. 16), melena (n. 4), wound infections (n. 3) and postoperative fistula (n. 2), all of which were treated conservatively. Median length of stay was 2.6 ± 3 days.



Success of bariatric surgery

All 338 patients correctly attended follow-up of minimun one year. The mean drop in BMI was significant, mean BMI after surgery was 29 kg/m2 (±3 kg/m2) for the entire study population. Revisional bariatric surgery was successful in 100% of cases. The mean of the percent excess weight loss in the revisional group was 43.7% at six months and 75.4% at one year.





Discussion

Video Consultations are a hot topic in many countries. The advantages are clear and are further demonstrated in this study on bariatric surgery patients: a great impact on emissions and no impact on patient care. However, the latter point is of utmost importance and is strictly regulated in many countries. In Italy, VCs are limited by legislation (36–40): in particular, VC should not replace in-person physical examination, while it could be used as a “preliminary” consultation, only for elective cases. VCs in urgent settings or as a sole means of patient evaluation is thus illegal. While this may limit the utility of VC, as patients will need in-person visit regardless, we believe the existing laws are logical and common sense and devised for patient safeguard. To act in the safest possible way but to exploit the benefits of VC, we structured the process accordingly: our patients were all visited in person by a physician prior to VC (normally their general practicioner). Furthermore, the bariatric in-person consultation was performed on the day of pre-hospitalization. In this way, all patients were guaranteed maximum safety while taking advantage of environmental impact of VCs. The value of VCs in permitting high-standard patient care, was confirmed by our secondary outcome: in-person consultation never changed patient management. It may be correct to conclude that telemedicine in bariatric surgery, is a safe and effective primary consultation method which can be highly reliable in correctly directing patient management. The usefulness of this technique may be particularly important in patients living in remote areas and those with limited mobility, as it is often the case with bariatric patients. Regarding emissions, results are in line with other studies that report significant environmental impact reductions by using video conferences instead of face-to-face meeting (41). It is evident that conducting outpatient visits online would significantly reduce the environmental impact of medical practice. Conducting a telemedicine visit would eliminate all emissions directly associated with the patients' travel for this essential medical practice. Although it is not the only possible option, it should be thoroughly considered. Telemedicine offers the advantage of significantly reducing environmental impact, minimizing downtime between appointments, eliminating exhausting waits in crowded and often uncomfortable spaces, allowing for flawless collection of medical history, and offering the convenience of remote work for surgeons. Telemedicine has garnered significant attention for its potential to improve healthcare access while reducing environmental impacts, and numerous studies support these claims (26–31). Key environmental impacts, include:


	1.Reduction in Carbon Emissions: Telemedicine significantly cuts down on transportation-related emissions. By eliminating the need for patients and healthcare providers to travel for appointments, telemedicine reduces the carbon footprint. For example, a study from the UK's NHS found that telemedicine consultations could save millions of patient miles annually, translating to large reductions in greenhouse gas emissions (30).

	2.Decreased Energy Consumption: Hospitals and clinics are energy-intensive, with high demands for lighting, heating, air conditioning, and equipment. Shifting some of these consultations to a virtual platform reduces the need for large, continuously operational facilities. Several reports have noted energy savings due to lower facility usage.

	3.Reduced Resource Usage: With fewer in-person visits, there's a reduced need for disposable medical supplies such as gloves or paper. Studies have shown that a single telemedicine visit can save a substantial amount of healthcare materials, further decreasing environmental burdens.

	4.Waste Reduction: Physical healthcare facilities generate significant amounts of waste, including hazardous materials. By minimizing foot traffic through virtual consultations, telemedicine helps cut down on medical and non-medical waste production.

	5.Potential Drawbacks: While the environmental benefits of telemedicine are clear, it is important to consider the digital infrastructure's impact. The use of servers, data centers, and electronic devices to support telemedicine platforms consumes energy and generates e-waste. However, studies indicate that the environmental cost of the digital infrastructure is still significantly lower than the emissions saved by reducing travel and in-person healthcare services.



Overall, telemedicine has strong support as an environmentally friendly alternative to traditional in-person healthcare, backed by numerous studies on its ability to reduce emissions, waste, and resource consumption, while expanding access to medical services. However, telemedicine cannot be seen as a cure-all solution. As is well known, every patient is different and requires personalized care based on their individual characteristics (42–48). One of the main issues today in Italy is the absence of a program, app, or website where patients can upload their lab or imaging results, allowing the surgeon to analyze them in-depth. Another issue is that it does not allow for a physical examination of the patient (49). Moreover, it should be considered that telemedicine can only be applied equitably if internet access is truly widespread. It cannot be assumed that all consultations can be conducted via telemedicine, as this would risk excluding the more vulnerable segments of the population who lack internet access. Additionally, elderly individuals, who may not be familiar with digital tools, could also be disadvantaged. In fact, while this consideration may be applicable in Italy, it becomes difficult to apply in countries where internet access is not as widespread. Additionally, there is a risk of losing the doctor-patient relationship, a cornerstone of this profession (50). These, however, are not insurmountable problems. The first issue could easily be solved by creating a program, app, or website specifically designed for these online visits, where patients could upload all their test results (both instrumental and otherwise) before the visit, allowing the surgeon to review them even before seeing the patient online. Pre-hospitalization, being mandatory, also allows the surgeon to conduct the required physical examination and strengthen the doctor-patient relationship that began online. Therefore, implementation of telemedicine should be encouraged and facilitated by technological development. It is foreseeable that artificial intelligence (24–28) could help us in creating an app, program, or website that, through a well-designed questionnaire, would allow the patient to quickly receive eligibility and recommendation for bariatric surgery. It is becoming increasingly evident that we are entering the era of artificial intelligence, which is steadily gaining traction and recognition, not only among patients, but even more so among healthcare professionals (51, 52). This evolving awareness is fostering a conceptual shift, whereby AI is no longer perceived as a competitor, but rather as a strategic ally in the advancement of patient care (53). However, this may remain a taboo/utopia for some time. Limitations of the study include its retrospective, single-center design, the non-comparative nature. While the assumptions concerning transport modalities may appear simplified, they were carefully considered during the study design phase in collaboration with statisticians and engineers. In the Italian context, structural limitations, such as insufficient railway coverage and a lack of widespread electric vehicle charging infrastructure, pose significant barriers to the use of more sustainable transportation options. This is particularly relevant in regions like Sicily, which accounted for the highest proportion of patients in this study and where connectivity challenges are especially pronounced. Consequently, calculations were based on the most commonly used modes of transport reported by patients, namely, private vehicles and, when feasible, air travel. Given the heterogeneous geographic distribution of the study population and the variability in transport accessibility, a standardized approach was necessary to ensure methodological consistency and minimize potential bias in estimating travel-related emissions. The analysis was based on standardized assumptions and secondary data from authoritative sources (e.g., IPCC guidelines). Travel distances were estimated via Google Maps and emission factors were treated as fixed values without probabilistic variation. Therefore, individual variability and uncertainty ranges were not incorporated. Additionally, the analysis focused only on travel-related emissions, excluding other environmental impacts. Future research should include patient-level data, broader indicators, and uncertainty analyses to enhance precision and applicability. Furthermore, future studies should aim to compare patient outcomes after VC and in-person consultations, with a particular emphasis on prospective and multicentric studies to strengthen and broaden current evidence.

In conclusion conducting bariatric surgery outpatient visits remotely significantly reduces the environmental impact of the hospital sector. The practice appears safe and reliable, provided an in-person consultation is also performed before surgery. Today, a consensus of experts is probably needed to define the possible applications and limitations of this practice. For telemedicine to be safely implemented, dedicated programs, apps, or websites are needed to address the challenges of this approach.
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