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Abstract 

Background  Healthcare systems contribute approximately 4.6% of global carbon emissions, with anesthesia 
and intensive care representing major sources of environmental impact. Although awareness of sustainable practices 
is increasing, real-world implementation in these fields remains limited. This study aimed to describe knowledge, 
attitudes, practices, and perceived barriers toward sustainability among Italian anesthesiologists–intensivists.

Methods  A cross-sectional, web-based survey was conducted among members of the Italian Society of Anesthesia, 
Analgesia, Resuscitation, and Intensive Care (SIAARTI) between June and July 2025. The questionnaire assessed demo-
graphics, clinical practices, environmental behaviors, and perceived barriers to sustainability. Descriptive statistics 
and an unsupervised clustering approach (Factor Analysis of Mixed Data followed by hierarchical clustering) were 
applied to identify distinct respondent profiles.

Results  A total of 459 responses were analyzed. Overall, 83.4% rated environmental sustainability as “very impor-
tant,” and 95.6% supported the adoption of renewable energy in hospitals. Despite this, 93.1% reported routine use 
of single-use devices, and only 7.4% worked in departments with a designated sustainability officer. Cluster analysis 
identified two main groups: the Experienced Generation (older, senior specialists) and the Green Generation (younger, 
early-career clinicians). While both valued sustainability, the Green Generation more frequently implemented eco-
friendly practices, including the use of total intravenous anesthesia (71.2% vs. 57.5%), regional anesthesia (74.1% vs. 
64.0%), and reusable/recyclable devices (> 80% vs. < 20%). The most frequently reported barriers to sustainability 
application were lack of training (76.3%), resistance to change (66.4%), and absence of guidelines (54.7%).

Conclusions  Italian anesthesiologists–intensivists demonstrate strong environmental awareness but variable imple-
mentation of sustainable practices. Strengthening formal education, institutional leadership, and guideline dissemina-
tion is essential to promote widespread adoption of sustainable anesthesia and intensive care practices.
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Introduction
Healthcare systems (HSs) provide essential services to 
populations but require extensive energy to operate 
accounting for approximately 4.6% of global carbon emis-
sions, however systematic research into the extent of this 
contribution has only recently been initiated [1, 2].

As the environmental footprint of health systems (HSs) 
is projected to expand, the development and implemen-
tation of sector-specific decarbonization strategies must 
be prioritized, leveraging existing national and interna-
tional policy frameworks [3–5]. In alignment with these 
global objectives, the Italian National Prevention Plan 
(Piano Nazionale della Prevenzione) identifies the health-
care sector as a pivotal stakeholder in both climate change 
mitigation and the strengthening of systemic resilience [6]. 
(https://​www.​salute.​gov.​it/​new/​sites/​defau​lt/​files/​impor​
ted/C_​17_​pubbl​icazi​oni_​2955_​alleg​ato.​pdf).

While hospitals account for the largest proportion 
of total healthcare-related GHGs and solid waste [7], 
the provision of anesthesia and critical care medicine is 

particularly resource-intensive, contributing significantly 
to a facility’s overall environmental footprint [8].

Though anesthesia care strategies are primarily dictated 
by surgical requirements and patient safety, clinical dis-
cretion increasingly accommodates environmental con-
siderations. Albeit comprehensive global data are sparse, 
inhaled anesthetics are estimated to account for 0.01%–
0.10% of total greenhouse gas (GHG) emissions and rep-
resent as much as 50% of the carbon footprint associated 
with perioperative services [2]. In this regards, desflu-
rane was withdrawn from the NHS in Scotland in March 
2023 [9] and subsequently from other countries [10, 11] 
and its use has been recently banned in Europe except 
in cases where is medically necessary and no alternative 
anesthetic is suitable (https://​www.​europ​arl.​europa.​eu/​
doceo/​docum​ent/A-​9-​2023-​0048-​AM-​156-​156_​EN.​pdf ).

Beyond anesthetic gases, the environmental footprint 
of operating rooms and critical care units can be sig-
nificantly reduced through the adoption of energy-effi-
cient technologies, the integration of renewable energy 
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sources, and enhanced waste management [12–14]. 
For instance, heating, ventilation, and air-conditioning 
(HVAC) systems account for 90–99% of total energy use 
in operating rooms, and reducing their settings during 
unoccupied periods can safely achieve energy savings of 
up to 70% without compromising infection control or 
patient safety [15].

Recognizing that sustainable practices enhance patient 
safety and facilitate the delivery of high-value care [16], 
numerous national and international societies for anes-
thesia and intensive care have formally endorsed the inte-
gration of sustainability initiatives into clinical guidelines 
[16–21].

In Italy, this commitment manifested through an expert 
panel of the Italian Society of Anesthesia, Analgesia, and 
Intensive Care (SIAARTI) which, under the ’Choosing 
Wisely’ initiative, recently published two sets of clinical 
recommendations: one focusing on ’Green Anesthesia’ 
and the other on mitigating inappropriate interventions 
in perioperative and intensive care [22].

Despite a growing consensus on the benefits of sustaina-
ble practice, operational challenges such as safety concerns 
and high workload continue to impede its integration into 
surgical and intensive care, necessitating a comprehensive 
approach focused on clinician education and the cultiva-
tion of a supportive organizational culture [23–25].

We hypothesized that the implementation of sustaina-
bility practices among Italian anesthesiologists and inten-
sivists is heterogeneous, influenced by organizational, 
cultural, and regional disparities inherent in a decentral-
ized healthcare system.

To test this hypothesis, we conducted a national sur-
vey to assess knowledge, attitudes, and current practices, 
while identifying the key barriers, enablers, and insti-
tutional variations within this framework [26]. To our 
knowledge, this is the first national survey in anesthe-
sia and intensive care to apply an unsupervised cluster-
ing approach to sustainability-related data. Traditional 
descriptive analyses capture mean tendencies but often 
overlook the complex, multidimensional patterns under-
lying clinicians’ knowledge, attitudes, and behaviors. 
Our study identifies distinct professional subgroups 
with shared sustainability profiles, offering novel insight 
into how demographic, cultural, and organizational fac-
tors interact to shape ecological engagement in clinical 
practice.

Methods
Study design, setting, and participant recruitment
Since the study was non-interventional, it did not involve 
patients, patient data, vulnerable subjects, mood-related 
aspects or biological samples, formal Institutional Review 
Board (IRB) approval and pre-registration were deemed 

not applicable. Data integrity and the reliability of results 
were upheld in accordance with Good Clinical Prac-
tice (ICH  E6(R3) standards [27]. The study design pre-
cluded the collection of personal identifiers or sensitive 
data, thereby ensuring the permanent anonymity of all 
respondents in accordance with the General Data Pro-
tection Regulation (EU) 2016/679 (GDPR).The current 
report adheres to the Consensus-Based Checklist for 
Reporting of Survey Studies-CROSS reporting guide-
line [28]. No specific inclusion or exclusion criteria were 
applied, as the survey was designed to capture a broad 
and comprehensive overview of sustainability practices 
among anesthesiologists and intensivists across Italian 
healthcare centers. Accordingly, the sample was consid-
ered a convenience sample, and the potential for internet 
coverage bias related to social media–based dissemina-
tion was acknowledged [29].

On June 1, 2025, an email invitation was sent to spe-
cialists and trainees affiliated with the Italian Society of 
Anesthesia, Analgesia, and Critical Care (SIAARTI). The 
invitation included a detailed description of:

•	 The study objectives.
•	 The voluntary nature of participation.
•	 The measures taken to ensure data confidentiality.

To maximize visibility and engagement regarding this 
time-sensitive topic, the survey link was also shared on 
official SIAARTI social media platforms (LinkedIn and 
X). Data collection concluded on July 30, 2025. To maxi-
mize participation, up to three reminder emails were dis-
patched at fifteen-day intervals. The survey was designed 
in SurveyMonkey Platinum (SurveyMonkey Inc., San 
Mateo, CA, USA), with responses automatically com-
piled into an online Excel dataset. No financial or mate-
rial incentives were offered. To prevent duplicate entries, 
the survey required email-based validation ensuring 
one submission per respondent, with each participant 
subsequently assigned a unique, anonymous identifier. 
Crucially, these addresses remained decoupled from the 
survey responses and were used solely for technical vali-
dation rather than identification.

Survey development
The survey instrument was developed using a rigorous, 
multi-step methodology. Between February and March 
2025, a targeted literature search employing terms such 
as “survey,” “sustainability,” “anesthesia,” and “intensive 
care” identified no existing validated instruments suit-
able for this specific context. Consequently, a de novo 
survey was developed. Key conceptual domains were 
defined based on relevant guidelines and consensus doc-
uments [18–20, 22]. Survey items were refined through 
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a two-phase, iterative process involving discussion and 
consensus within a multidisciplinary working group of 
anesthesiologists and a statistician, ensuring content 
validity and feasibility:

1.	 Pre-pilot phase: seven members of the SIAARTI Sus-
tainability and Inclusion Section and a senior statisti-
cian evaluated the instrument. This stage focused on 
assessing content relevance, linguistic clarity, and the 
completeness of the thematic domains.

2.	 Formal pilot phase: following initial revisions, a 
formal pilot was conducted with a cohort of fif-
teen anesthesiologists, including experts from the 
SIAARTI Methodological and Research Section. This 
phase evaluated the instrument’s technical feasibility, 
logistical flow, and average completion time to ensure 
it was optimized for final distribution.

The final questionnaire was organized into five distinct 
thematic sections:

•	 Demographics and professional profile: included age, 
gender, professional experience, and work setting. 
Geographical distribution was categorized by Italian 
macro-regions:

o	 North: Valle d’Aosta, Piedmont, Lombardy, Tren-
tino–Alto Adige, Veneto, Friuli- Venezia Giulia, 
Liguria, and Emilia-Romagna.

o	 Center: Tuscany, Umbria, Marche, and Lazio.

o	 South and Islands: Abruzzo, Molise, Campania, 
Apulia, Basilicata, Calabria, Sicily, and Sardinia.

•	 Clinical practice patterns: assessed preferred anes-
thesia techniques, regional anesthesia utilization, 
monitoring habits, anesthetic gas selection, and 
device reuse/recycling behaviors.

•	 Environmental behaviors and waste management: 
evaluated recycling frequency (workplace vs. home), 
adoption of reusable medical devices, and strategies 
to reduce single-use materials.

•	 Risk perception and attitudes: measured the impor-
tance attributed to environmental sustainability, con-
cerns regarding plastic waste, and the perceived bal-
ance between patient safety and ecological impact.

•	 Barriers to sustainability: identified institutional, 
infrastructural, cultural, and knowledge-related 
obstacles to implementing sustainable practices.

Questions included single-choice, multiple-choice, and 
Likert-scale formats to capture both categorical and ordi-
nal data.

Statistical analysis
Categorical variables were summarized as counts and 
percentages and compared between groups using Chi-
squared or Fisher’s exact tests. Continuous variables were 
summarized as medians with interquartile ranges and 
compared with Mann–Whitney U test.

Fig. 1  Workflow of the OR and ICU (operating room and intensive care unit) Italian Anesthetists-Intensivists Sustainability Survey
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To explore heterogeneity in sustainability-related 
knowledge, attitudes, and practices beyond conventional 
descriptive statistics, we implemented an unsupervised 
clustering approach to identify latent respondent pro-
files and reveal underlying behavioral patterns within 
the study population. The methodological approach to 
cluster identification is summarized in Fig. S1. Given the 
presence of mixed data types (continuous, categorical, 
and ordinal), Factor Analysis of Mixed Data (FAMD) was 
applied, for handling ordinal variables without requiring 
arbitrary dichotomization (FAMD) [30] to reduce dimen-
sionality while retaining both numerical and categorical 
survey variables. To identify distinct respondent profiles 
based on sustainability-related knowledge, attitudes, and 
behaviors, we applied a clustering procedure tailored for 
mixed data types. Variables included in the multivariate 
analysis were selected a priori to reflect sustainability-
related knowledge, attitudes, and practices. Demographic 
variables were used only for cluster characterization and 
were not included in cluster construction. Variables with 
more than 60%  missingness or near-zero variance were 
excluded prior to analysis.

The resulting principal component scores were used as 
inputs for a hierarchical clustering algorithm. The opti-
mal number of clusters was selected using the silhouette 
method, which evaluates the consistency of assignments 

by comparing within-cluster cohesion and between-
cluster separation. Hierarchical clustering on principal 
components was also performed, and a dendrogram was 
generated to visualize the similarity structure among 
respondents.

Clusters were then characterized by examining the 
distribution of demographic variables, workplace char-
acteristics, sustainability-related behaviors, and attitu-
dinal measures within each group. Differences between 
clusters were reported descriptively to facilitate clinical 
interpretation of the profiles (e.g., high-engagement sus-
tainability adopters vs. low-engagement groups).

Comparisons between clusters were performed for 
descriptive and exploratory purposes to characterize 
the profiles emerging from the unsupervised cluster-
ing analysis. Given the hypothesis-generating nature of 
these analyses, no formal correction for multiple com-
parisons was applied, and p-values should be interpreted 
accordingly.

All data preprocessing, descriptive statistics, and multi-
variate analyses were performed in R [31] (version 4.5.2).

We used ChatGPT (GPT-5.1 Thinking, OpenAI) to 
improve the clarity and readability of the manuscript. 
The model was employed only for language editing; all 
scientific content, data interpretation, and conclusions 
are solely the responsibility of the authors.

Fig. 2  A Demographic and professional characteristics of the study sample (N = 459), including gender distribution, age, geographical area, work 
experience, organization type, work setting, and presence of a sustainability officer. B Geographic distribution of respondents across Italian regions, 
with shading intensity proportional to the number of participants
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Results
Demographic and professional characteristics
A total of 459 anesthesiologists-intensivists physicians 
completed the survey, corresponding to a 94% comple-
tion rate among those who started the questionnaire 
(Fig. 1, Supplementary material 1: Table S1, Supplemen-
tary material 1: Fig. S2).

A detailed analysis of missing data for each question-
naire item, including the count and percentage of non-
responses, is provided in the Supplementary material S3.

The overall distribution of demographic and profes-
sional variables is shown in Fig.  2A. Most respondents 
were female 61.4%, with males representing 38.6%. The 
median age was 42 years (IQR 33–51), with an age range 
from 26 to 67 years. In terms of geographic distribution 
52.7% of respondents were based in Northern Italy, 30.5% 
in Central Italy, and 16.8% in Southern Italy.

In terms of work experience, 38.1% were senior special-
ists with over 15  years of practice, 26% were residents, 

Fig. 3  Clustering of anesthesiologists-intensivists physicians based on sustainability-related practices. A Hierarchical cluster dendrogram showing 
two distinct groups of responders. B Factor map from Factor Analysis of Mixed Data (FAMD) illustrating separation of clusters in reduced dimensions. 
C Age distribution across clusters, highlighting that the “Experienced Generation” (Cluster 1) is significantly older than the “Green Generation” 
(Cluster 2). Age distribution across identified clusters. Boxplots show the median, interquartile range, and range of ages for the two clusters
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Table 1  Comparison of demographic characteristics, risk perception, work environment, habits, lifestyle, and perceived barriers 
between two clusters of ICU physicians (“experienced generation” and “green generation”)

Cluster 1 Cluster 2 Overall sample

Experienced Generation Green Generation p value

N = 247 N = 212 N = 459

Demographic variables

Gender 0.471

  Female 156 (63.2%) 126 (59.4%) 282 (61.4%)

  Male 91 (36.8%) 86 (40.6%) 177 (38.6%)

Age (years) 44.0 [35.0;52.0] 37.0 [31.0;48.0] 42.0 [33.0;51.0]  < 0.001
Area 0.578

  North 125 (50.6%) 117 (55.2%) 242 (52.7%)

  Center 80 (32.4%) 60 (28.3%) 140 (30.5%)

  South 42 (17.0%) 35 (16.5%) 77 (16.8%)

Work experience (years)  < 0.001
  Residents 46 (18.6%) 73 (34.4%) 119 (25.9%)

  Early specialist 1–5 years 33 (13.4%) 36 (17.0%) 69 (15.0%)

  Specialist 6–15 years 57 (23.1%) 39 (18.4%) 96 (20.9%)

  Specialist > 15 years 111 (44.9%) 64 (30.2%) 175 (38.1%)

Risk perception

Importance of environmental sustainability 0.174

  Very important 212 (85.8%) 171 (80.7%) 383 (83.4%)

  Slightly or moderately important 35 (14.2%) 41 (19.3%) 76 (16.6%)

Hospitals should adopt renewable energy 1.000

  No 11 (4.45%) 9 (4.25%) 20 (4.36%)

  Yes 236 (95.5%) 203 (95.8%) 439 (95.6%)

Concern about plastics health risks 0.909

  Extremely concerned 45 (18.8%) 39 (18.4%) 84 (18.6%)

  Moderately concerned 74 (31.0%) 69 (32.5%) 143 (31.7%)

  Very concerned 85 (35.6%) 76 (35.8%) 161 (35.7%)

  Not at all concerned 8 (3.35%) 4 (1.89%) 12 (2.66%)

  Slightly concerned 27 (11.3%) 24 (11.3%) 51 (11.3%)

Concern about safety vs sustainability 0.378

  No 196 (79.4%) 160 (75.5%) 356 (77.6%)

  Yes 51 (20.6%) 52 (24.5%) 103 (22.4%)

Work environment

Work structure 0.857

  Other types of healthcare facility 20 (8.10%) 16 (7.55%) 36 (7.84%)

  Private hospital 14 (5.67%) 10 (4.72%) 24 (5.23%)

  Public hospital 91 (36.8%) 73 (34.4%) 164 (35.7%)

  University hospital 122 (49.4%) 113 (53.3%) 235 (51.2%)

Work setting 0.441

  Other 12 (4.86%) 13 (6.13%) 25 (5.45%)

  Operating room/anesthesia 186 (75.3%) 166 (78.3%) 352 (76.7%)

  Intensive care unit 49 (19.8%) 33 (15.6%) 82 (17.9%)

Sustainability officer present 0.086

  No 234 (94.7%) 191 (90.1%) 425 (92.6%)

  Yes 13 (5.26%) 21 (9.91%) 34 (7.41%)

Habits

Which anesthesia technique do you use most frequently?

Balanced anesthesia 0.569
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Table 1  (continued)

Cluster 1 Cluster 2 Overall sample

Experienced Generation Green Generation p value

N = 247 N = 212 N = 459

  Never/sometimes 96 (38.9%) 76 (35.8%) 172 (37.5%)

  Often/always 151 (61.1%) 136 (64.2%) 287 (62.5%)

Total intravenous anesthesia (TIVA) 0.152

  Never/sometimes 126 (51.0%) 93 (43.9%) 219 (47.7%)

  Often/always 121 (49.0%) 119 (56.1%) 240 (52.3%)

Regional anesthesia 0.026
  Never/sometimes 89 (36.0%) 55 (25.9%) 144 (31.4%)

  Often/always 158 (64.0%) 157 (74.1%) 315 (68.6%)

Depth monitoring use 0.059

  Never/sometimes 94 (38.1%) 62 (29.2%) 156 (34.0%)

  Often/always 153 (61.9%) 150 (70.8%) 303 (66.0%)

Main anesthetic gas 1.000

  Halogenated agents 246 (99.6%) 212 (100%) 458 (99.8%)

  Nitrous oxide 1 (0.40%) 0 (0.00%) 1 (0.22%)

Knowledge of gas environmental impact 0.974

  No 171 (69.2%) 148 (69.8%) 319 (69.5%)

  Yes 76 (30.8%) 64 (30.2%) 140 (30.5%)

Prefer TIVA when appropriate 0.003
  No 105 (42.5%) 61 (28.8%) 166 (36.2%)

  Yes 142 (57.5%) 151 (71.2%) 293 (63.8%)

Avoid desflurane and nitrous oxide when possible 0.173

  No 131 (53.0%) 98 (46.2%) 229 (49.9%)

  Yes 116 (47.0%) 114 (53.8%) 230 (50.1%)

Reduce single-use materials 0.296

  No 99 (40.1%) 74 (34.9%) 173 (37.7%)

  Yes 148 (59.9%) 138 (65.1%) 286 (62.3%)

Use regional anesthesia when possible 0.047
  No 80 (32.4%) 50 (23.6%) 130 (28.3%)

  Yes 167 (67.6%) 162 (76.4%) 329 (71.7%)

No specific strategy 0.116

  No 239 (96.8%) 210 (99.1%) 449 (97.8%)

  Yes 8 (3.24%) 2 (0.94%) 10 (2.18%)

Gowns use in regional blocks 0.153

  No 168 (68.0%) 158 (74.5%) 326 (71.0%)

  Yes 79 (32.0%) 54 (25.5%) 133 (29.0%)

Telemedicine support 0.107

  No 69 (27.9%) 75 (35.4%) 144 (31.4%)

  Yes 178 (72.1%) 137 (64.6%) 315 (68.6%)

Are operating room doors closed during surgery? 0.179

  Never/sometimes 40 (16.3%) 46 (21.7%) 86 (18.8%)

  Often/always 205 (83.7%) 166 (78.3%) 371 (81.2%)

Use of energy saving in ICU equipment 1.000

  No 233 (94.3%) 200 (94.3%) 433 (94.3%)

  Yes 14 (5.67%) 12 (5.66%) 26 (5.66%)

Waste management training received 0.442

  No 160 (66.9%) 150 (70.8%) 310 (68.7%)

  Yes 79 (33.1%) 62 (29.2%) 141 (31.3%)
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Table 1  (continued)

Cluster 1 Cluster 2 Overall sample

Experienced Generation Green Generation p value

N = 247 N = 212 N = 459

Segregated waste disposal 0.243

  No 92 (37.2%) 67 (31.6%) 159 (34.6%)

  Yes 155 (62.8%) 145 (68.4%) 300 (65.4%)

Frequency of single-use devices 0.689

  Never/sometimes 18 (7.53%) 13 (6.13%) 31 (6.87%)

  Often/always 221 (92.5%) 199 (93.9%) 420 (93.1%)

Knowledge/use of reusable/recyclable devices

Plastic devices  < 0.001
  No 210 (85.0%) 22 (10.4%) 232 (50.5%)

  Yes 37 (15.0%) 190 (89.6%) 227 (49.5%)

Face masks or laryngeal masks  < 0.001
  No 213 (86.2%) 17 (8.02%) 230 (50.1%)

  Yes 34 (13.8%) 195 (92.0%) 229 (49.9%)

Drug containers  < 0.001
  No 213 (86.2%) 75 (35.4%) 288 (62.7%)

  Yes 34 (13.8%) 137 (64.6%) 171 (37.3%)

Syringes  < 0.001
  No 238 (96.4%) 19 (8.96%) 257 (56.0%)

  Yes 9 (3.64%) 193 (91.0%) 202 (44.0%)

Gowns or gloves  < 0.001
  No 232 (93.9%) 29 (13.7%) 261 (56.9%)

  Yes 15 (6.07%) 183 (86.3%) 198 (43.1%)

Vascular access devices (VADs)/VADs kit  < 0.001
  No 242 (98.0%) 39 (18.4%) 281 (61.2%)

  Yes 5 (2.02%) 173 (81.6%) 178 (38.8%)

Know none of the above devices  < 0.001
  No 101 (40.9%) 211 (99.5%) 312 (68.0%)

  Yes 146 (59.1%) 1 (0.47%) 147 (32.0%)

Which of these pre-filled syringes for emergency medications do you have available?

Atropine 0.002
  No 148 (59.9%) 96 (45.3%) 244 (53.2%)

  Yes 99 (40.1%) 116 (54.7%) 215 (46.8%)

Adrenaline 0.127

  No 204 (82.6%) 162 (76.4%) 366 (79.7%)

  Yes 43 (17.4%) 50 (23.6%) 93 (20.3%)

Phenylephrine 0.013
  No 188 (76.1%) 138 (65.1%) 326 (71.0%)

  Yes 59 (23.9%) 74 (34.9%) 133 (29.0%)

Ephedrine 0.025
  No 178 (72.1%) 131 (61.8%) 309 (67.3%)

  Yes 69 (27.9%) 81 (38.2%) 150 (32.7%)

None of these syringes 0.004
  No 140 (56.7%) 149 (70.3%) 289 (63.0%)

  Yes 107 (43.3%) 63 (29.7%) 170 (37.0%)

Lifestyle

Transport to hospital 0.088

Walking
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19% had 6–15 years of experience, and 17% were early-
career specialists with 1–5 years of experience. Regarding 
institutional affiliation, the majority worked in university 
hospitals (51.2%), followed by public non-university hos-
pitals (29.4%), private hospitals (8.7%), and other health-
care facilities (10.7%). The primary work setting was the 
operating room (76.7%), followed by intensive care units 
(18.5%), and other clinical areas (4.8%).

Only 7.4% reported having a sustainability officer 
within their department. Figure  2B presents the geo-
graphic distribution of respondents across Italian 
regions, highlighting greater participation from highly 
populated northern areas such as Lombardia, Veneto, 
and Emilia-Romagna.

Table 1  (continued)

Cluster 1 Cluster 2 Overall sample

Experienced Generation Green Generation p value

N = 247 N = 212 N = 459

  Never/sometimes 213 (91.0%) 181 (85.4%) 394 (88.3%)

  Often/always 21 (8.97%) 31 (14.6%) 52 (11.7%)

Bicycle or scooter 0.334

  Never/sometimes 207 (88.5%) 180 (84.9%) 387 (86.8%)

  Often/always 27 (11.5%) 32 (15.1%) 59 (13.2%)

Public transport 0.667

  Never/sometimes 215 (91.9%) 198 (93.4%) 413 (92.6%)

  Often/always 19 (8.12%) 14 (6.60%) 33 (7.40%)

Private car (alone) 0.193

  Never/sometimes 63 (26.9%) 70 (33.0%) 133 (29.8%)

  Often/always 171 (73.1%) 142 (67.0%) 313 (70.2%)

Carpool 0.530

  Never/sometimes 225 (96.2%) 207 (97.6%) 432 (96.9%)

  Often/always 9 (3.85%) 5 (2.36%) 14 (3.14%)

Recycling at home and hospital 0.002
  No 18 (7.29%) 2 (0.94%) 20 (4.36%)

  Yes 229 (92.7%) 210 (99.1%) 439 (95.6%)

Facilities and barriers

Sustainability info from companies 0.276

  No 184 (74.5%) 168 (79.2%) 352 (76.7%)

  Yes 63 (25.5%) 44 (20.8%) 107 (23.3%)

Barrier

Lack of awareness/training 0.853

  No 60 (24.3%) 49 (23.1%) 109 (23.7%)

  Yes 187 (75.7%) 163 (76.9%) 350 (76.3%)

High cost 0.655

  No 193 (78.1%) 161 (75.9%) 354 (77.1%)

  Yes 54 (21.9%) 51 (24.1%) 105 (22.9%)

Resistance to change 0.021
  No 95 (38.5%) 59 (27.8%) 154 (33.6%)

  Yes 152 (61.5%) 153 (72.2%) 305 (66.4%)

Lack of guidelines 0.002
  No 129 (52.2%) 79 (37.3%) 208 (45.3%)

  Yes 118 (47.8%) 133 (62.7%) 251 (54.7%)

Lack of ecofriendly technology 0.134

  No 151 (61.1%) 114 (53.8%) 265 (57.7%)

  Yes 96 (38.9%) 98 (46.2%) 194 (42.3%)
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The proportion of missing data across survey variables 
was low (< 20%), as illustrated in Supplementary material 
1: Fig. S2.

Cluster identification and visualization: K-means clustering 
was performed on the FAMD coordinates. The optimal num-
ber of clusters was determined using the silhouette method, 
which evaluates intra-cluster cohesion and inter-cluster sepa-
ration; the highest silhouette coefficient was observed at k = 2 
(Supplementary material 1: Fig. S3).

The analysis identified two distinct clusters. In Fig. 3A, 
the hierarchical clustering dendrogram shows the sepa-
ration between the two groups. The FAMD factor map 
(Fig. 3B) confirms a clear separation in multidimensional 
space. Cluster sizes were balanced, with Cluster 1 com-
prising 49.7% of the respondents and Cluster 2 50.3%.

Age distribution differed significantly between clusters 
(Fig. 3C). Cluster 1, hereafter referred to as the “Experi-
enced Generation”, had a higher median age (44  years, 
IQR 37–53) compared to Cluster 2, the “Green Genera-
tion” (37 years, IQR 31–45; p < 0.001).

Cluster characterization
The clustering analysis identified two distinct profes-
sional groups (Table  1): the Experienced Generation 
(Cluster 1, n = 247) and the Green Generation (Cluster 
2, n = 212). Despite similar gender distributions (female: 
63.2% vs. 59.4%, p = 0.471), the groups differed signifi-
cantly in age and professional seniority. The Green Gen-
eration had a higher proportion of residents (34.4% vs. 
18.6%) and early-career specialists (17.0% vs. 13.4%). In 
contrast, the Experienced Generation was dominated by 
specialists with more than 15 years’ experience (44.9% vs. 
30.2%, p < 0.001).

•	 Shared values, different practices. Both clusters 
overwhelmingly agreed that environmental sustain-
ability is important (very important: 85.8% vs. 80.7%, 
p = 0.174) and supported renewable energy adoption 
in hospitals (> 95% in both groups). However, these 
shared values translated into diverse levels of prac-
tical engagement. The Green Generation showed 
greater adoption of environmentally friendly anes-
thesia techniques, with a higher preference for TIVA 
when appropriate (71.2% vs. 57.5%, p = 0.003) and 
more frequent use of regional anesthesia (74.1% vs. 
64.0%, p = 0.026). They were also more likely to apply 
the principle of “regional when possible” (76.4% vs. 
67.6%, p = 0.047).

•	 Devices and waste reduction. A striking genera-
tional gap was observed in the knowledge and use 
of ecofriendly medical devices and a waste avoiding/
reduction approach. The Green Generation reported 
markedly higher knowledge/use across all catego-

ries—ecofriendly plastic devices (89.6% vs. 15.0%), 
face masks/laryngeal masks (92.0% vs. 13.8%), appro-
priate avoiding/use of gowns/gloves (86.3% vs. 6.07%) 
and vascular access devices kit (81.6% vs. 2.02%)—
with all comparisons yielding p < 0.001. Almost all 
members of the Green Generation (99.5%) recog-
nized at least one reusable/recyclable device in use, 
compared to only 40.9% of the Experienced Genera-
tion. Recycling behavior extended beyond the clini-
cal setting: 99.1% of the Green Generation reported 
recycling both at home and in the hospital, compared 
to 92.7% of the Experienced Generation (p = 0.002).

•	 Emergency preparedness and sustainable choices. 
Availability of pre-filled emergency syringes also dif-
fered. The Green Generation more often reported 
having atropine (54.7% vs. 40.1%, p = 0.002), phenyle-
phrine (34.9% vs. 23.9%, p = 0.013), and ephedrine 
(38.2% vs. 27.9%, p = 0.025) pre-filled syringes.

•	 Perceived barriers. Interestingly, the Green Genera-
tion was more likely to cite “resistance to change” or 
“lack of guidelines” as significant barriers.

Discussion
In this national survey of Italian anesthesiologists–inten-
sivists, we observed a high level of awareness and posi-
tive attitudes toward environmental sustainability across 
all professional groups, moreover the unsupervised clus-
tering approach based on sustainability-related practices 
identified two distinct profiles—an older, more senior 
“Experienced Generation” and a younger less experi-
enced “Green Generation”—that shared similar values 
but differed substantially in practical engagement, adop-
tion of eco-friendly clinical strategies, and perceived bar-
riers to implementation.

Awareness, knowledge, practices, and perceived barriers 
to sustainability among respondents
A substantial majority of respondents (83.4%) rated sus-
tainability as very important, while an even higher pro-
portion (95.6%) supported the integration of renewable 
energy sources into hospital settings. These findings align 
with the World Health Organization’s characterization of 
climate change as a global health threat [5, 32] and with 
broader policy efforts to shift health systems from a lin-
ear to a circular economic model [23].

Moreover, Italian anesthesiologists-intensivists 
actively adopt several evidence-based practices to 
enhance environmental sustainability, such as opting 
for total intravenous anesthesia (TIVA) when appropri-
ate [18], favoring regional anesthesia when feasible [18], 
minimizing nitrous oxide and desflurane choices when 
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inhalational anesthesia is chosen (sevoflurane 85.4%, des-
flurane 13.9%, isoflurane 0.4%, and nitrous oxide 0.2%), 
minimizing energy loss by keeping operating room doors 
closed during procedures and systematic waste segrega-
tion [19].

In contrast, awareness and implementation were mark-
edly lower regarding the depth of anesthesia monitoring 
to optimize anesthetic consumption [33] and the limited 
adoption of gown-free protocols during regional anesthe-
sia—despite SIAARTI guidelines discouraging their rou-
tine use [34]. Similarly, lower rates were observed in the 
use of pre-filled syringes for emergency medications and 
the application of energy-saving strategies for intensive 
care equipment as recommended by the ESAIC Declara-
tion of Glasgow [19].

Resource use practices showed a marked dependence 
on single-use materials (93.1%), nonetheless, almost 
two-thirds of respondents (62.3%) supported initiatives 
to reduce their consumption. This reliance reflects the 
institutionalized normalization of single-use plastics 
as the primary paradigm for infection prevention [35], 
contrasted against the emerging recognition of the envi-
ronmental and public health risks associated with health-
care-generated microplastics [36]. Even so, awareness of 
recyclable, reusable, or otherwise lower-impact device 
options was limited, with nearly one-third (32.0%) una-
ble to identify any sustainable alternatives highlighting a 
critical requirement to prioritize evidence based compar-
ative analysis between disposable and reusable devices 
[37] and increase the availability of safe biodegradable or 
reusable options in clinical practice [38].

When examining sustainability at the level of large 
organizations, regrettably, only 23% of respondents 
reported that companies incorporate sustainability into 
single-use devices or drugs, despite the need to promote 
the adoption of reusable products and improve recycla-
bility. Similarly, just 7.4% of public hospitals reported 
having a designated sustainability officer, compared with 
55% in Australia and New Zealand [39]. These findings 
highlight the need for further investigation into corpo-
rate and hospital-level policies and strategies to advance 
sustainability.

Most respondents reported consistent adherence to 
waste segregation protocols in both domestic and clinical 
environments, however, similar to Brazilian colleagues 
[40], about one third indicated they were unable to do 
so at their workplace, and only a similar proportion had 
received formal training on the subject. In this context, 
the reported recycling rate of 65% represents a marked 
increase compared to prior international surveys of anes-
thesia providers, specifically outpacing data from Aus-
tralia and New Zealand (11%), the United States (28%), 
and Canada (30%) [41–43].

The survey identified some barriers to advancing sus-
tainability in anesthesia and intensive care including a 
lack of formal training, resistance to change, and the 
absence of clear institutional guidelines.

The deficiency in formal training has been repeatedly 
reported as an obstacle in several surveys on this topic 
[41, 43–45]. A recent study explicitly conducted among 
department chiefs in Canada [46], revealed that, despite 
their interest in environmental sustainability, they iden-
tified a poor integration of sustainability into training 
pathways, as only 29% of responding Canadian anesthe-
siology programs include environmental sustainability in 
their curriculum.

Addressing the complex systemic inertia and individual 
resistance to sustainable anesthesia requires multimodal 
enabling strategies. Current approaches focus on stake-
holder engagement and targeted pedagogical frameworks 
designed to illuminate the ecological footprint of perio-
perative care while providing evidence-based sustainable 
protocols [47, 48]. However, there is a critical need for 
implementation of science research to rigorously evalu-
ate the longitudinal efficacy of these interventions in fos-
tering durable behavioral and cultural shifts.

Lastly, although guidelines on sustainable practice in 
anesthesia and intensive care exist and are widely avail-
able across countries [16, 18, 19, 22], survey responses 
reveal a significant lack of awareness and likely harmoni-
zation and dissemination of these guidelines.

Generational differences in sustainability: green vs. 
experienced practitioners
The survey results delineate a significant cohort effect 
between early-career practitioners—designated as the 
“Green Generation”—and their senior counterparts, the 
“Experienced Generation”. The Green Generation dem-
onstrated a significantly higher propensity for translat-
ing environmental values into clinical action, effectively 
narrowing the attitude-behavior gap observed in more 
senior clinicians. In particular, although the two clusters 
adopted similarly TIVA, balanced and general anesthe-
sia, the Green Generation reported greater use of low-
impact anesthetic techniques (TIVA, regional anesthesia) 
[49] when appropriate. Broader knowledge of ecofriendly 
devices (masks, breathing circuits, laryngoscope blades) 
[35, 50–61], and near-universal engagement in recycling 
both at work and at home are other characteristics that 
aligned this cluster to sustainability.

The Green Generation also demonstrated higher avail-
ability/utilization of pre-filled emergency syringes as 
well as more frequent use of depth monitoring and total 
intravenous anesthesia. An intriguing finding is the 
bimodal distribution in the adoption rate of pre-filled 
syringes between the two professional cohorts, despite 
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homogeneity in geographic provenance and institu-
tional setting. This suggests a generational cleavage in 
the acceptance of sustainable practice changes, where 
the younger cohort demonstrates a higher propensity for 
integrating novel, environmentally conscious solutions 
than the senior generation, whose entrenched practices 
may be influenced by a stronger adherence to conven-
tional methods, such as those historically associated 
with acute and emergency drug preparation which have 
already been associated with concerning levels of drug 
wastage [62].

Perceived barriers to sustainability, specifically resist-
ance to change and a deficit in standardized environ-
mental protocols, were more frequently identified by the 
Green Generation. This higher reporting frequency likely 
reflects an urgent imperative for the broader dissemina-
tion and cross-institutional harmonization of clinical 
sustainability guidelines. Comparable trends have been 
observed in Brazil, where residents reported recycling 
more frequently, expressed greater confidence in their 
environmental knowledge, invested more in sustainabil-
ity education, and demonstrated greater awareness of the 
climate impact of hospital waste than senior anesthesi-
ologists. The convergence of findings across two different 
healthcare systems could suggest that generational rather 
than cultural or geographic factors may be driving the 
alignment with sustainable practices [40].

Sample profile
The number of participants was adequate and consist-
ent with that observed in similar surveys addressing this 
subject [40, 42–44, 63, 64]. The study cohort was pre-
dominantly female (> 60%), a distribution that aligns with 
the shifting gender demographics of the anesthesia and 
intensive care workforce in Italy [65]. This preponderance 
may also suggest a greater thematic engagement with 
environmental sustainability among female clinicians 
within the specialty [66]. The median age of 42  years 
(IQR 33–51) reflects a balanced representation of both 
early- and mid-career professionals, while the overall age 
range (26–67 years) suggests that perspectives from dif-
ferent career stages were included. Nonetheless, profes-
sional profile of the 459 respondents suggests a selection 
bias, with high participation from residents (25.9%) and 
academic-based professionals. While this may not fully 
reflect the broader Italian anesthesiology community, it 
provides indirect insight into professional engagement 
levels. The identification of a significantly younger Green 
Generation (median age 37.0 vs. 44.0 in the experienced 
group; p < 0.001) suggests that sustainability initiatives 
currently resonate more strongly with younger cohorts 

and those in academic settings. Conversely, the lower 
participation of older clinicians may signal a ’relevance 
gap’ in certain practice environments. These findings 
highlight the need for targeted educational interventions 
to bridge this generational divide and foster a more uni-
versal commitment to sustainable healthcare.

Geographically, respondents were concentrated in 
Northern Italy, a region with a higher density of academic 
and tertiary referral centers. This distribution aligns with 
the prevalence of university-affiliated participants [67] 
and reflects regional disparities in both healthcare infra-
structure and the implementation of decarbonization ini-
tiatives [68]. Finally, with 76.7% of respondents practicing 
in the operating room and 18.5% in intensive care, these 
findings primarily represent perioperative perspectives, a 
domain characterized by high resource intensity and sig-
nificant environmental impact.

Limitations and strengths
This study provides the first description of Italian anes-
thesiologists’ and intensivists’ awareness, knowledge, 
practices, and perceived barriers regarding sustainability 
in anesthesia and intensive care, and it is the first publica-
tion within the SIAARTI Sustainability Section.

Several limitations should be considered when inter-
preting our findings. First, this study was not preregis-
tered, which may limit transparency regarding the initial 
data analysis plan and the formal distinction between 
a priori and post hoc hypotheses. Second, the anony-
mous nature of the survey design precluded a formal 
non-response bias analysis; therefore, we cannot entirely 
exclude the possibility that respondents hold systemati-
cally different views on sustainability than non-partici-
pants. Moreover, to prioritize participant anonymity and 
data protection, institutional identifiers were not col-
lected. Consequently, clustering by center could not be 
assessed, which may have led to over- or underestimation 
of certain practices if multiple respondents originated 
from the same institution, as all responses were treated 
as independent observations and should be interpreted 
as reflecting practitioners’ perceptions rather than a 
census of institutional policies.As with other survey-
based studies, the use of questionnaires may introduce 
methodological bias [69]. In addition, because this was 
an exploratory analysis, p-values were not adjusted for 
multiplicity, and although inferential methods were 
used to examine associations within the study sample, 
these results should be interpreted as exploratory and 
hypothesis-generating rather than supporting causal or 
population-level inferences. This approach prioritizes 
the identification of potential trends but requires that the 



Page 14 of 17Mandarano et al. J Anesth Analg Crit Care            (2026) 6:73 

reported associations be confirmed in future, pre-speci-
fied studies. Furthermore, the national, cross-sectional 
nature of study design may limit the global generaliz-
ability of the findings. The supplementary promotion 
via social media SIAARTI channels made it impossible 
to track the exact number of unique professionals who 
viewed the invitation. Consequently, a formal response 
rate cannot be precisely determined and can only be esti-
mated against the total SIAARTI membership. While our 
sample size was sufficient for national estimates, these 
results should be considered a baseline for future multi-
professional and longitudinal studies to further explore 
sustainability in healthcare.

Finally, this study focused exclusively on anesthesiolo-
gists and intensivists, excluding other essential stakehold-
ers in perioperative and intensive care, such as nursing 
staff and hospital administrators.

Nonetheless, the cluster analysis provided a novel, 
data-driven understanding of demographic and profes-
sional variables, such as age, seniority, and workplace 
characteristics, shape sustainability-related knowledge, 
attitudes, and behaviors. By distinguishing these clusters, 
the study offered valuable insight for designing tailored 
educational programs and institutional interventions 
that can engage both senior clinicians, who may benefit 
from structured awareness and leadership initiatives, and 
younger anesthesiologists, whose higher environmental 
engagement could be leveraged to drive cultural change 
within departments.

Strategies to enhance ecological literacy and sustainable 
clinical integration
The survey results reveal a significant "operational gap": 
while 83.4% of respondents view environmental sustain-
ability as a priority, actionable knowledge remains incon-
sistent. To bridge this divide, a multifaceted approach is 
required, targeting individual behavior, institutional cul-
ture, and industry partnerships.

Targeted education and the knowledge‑to‑action 
gap
Despite high general concern, only 30.5% of participants 
possess specific knowledge regarding the environmental 
impact of anesthetic gases. This highlights the neces-
sity for targeted educational initiatives such as dedicated 
webinars and congress tracks focused on the carbon 
footprint of anesthetic agents. Educational efforts should 
emphasize that the choice of anesthetic technique is a 
primary determinant of a department’s ecological foot-
print, necessitating a move toward low-carbon clinical 
pathways.

Dissemination and implementation of existing 
guidelines
Interestingly, 54.7% of clinicians cite a "lack of guide-
lines" as a major barrier, despite the existence of robust 
frameworks such as the SIAARTI/Choosing Wisely Italy 
"Green" recommendations, the ESAIC guidelines, the 
Glasgow Declaration and the ESICM Green Paper. This 
discrepancy suggests a failure in active dissemination and 
local adaptation rather than a lack of literature. Future 
strategies must focus on the longitudinal implementation 
of these established guidelines into local hospital proto-
cols to overcome the "resistance to change" reported by 
66.4% of respondents.

Supply chain literacy and circular economy
The heavy reliance on single-use devices (93.1%) under-
scores a critical need for supply chain transparency. 
Educational efforts must integrate Life Cycle Assess-
ment (LCA) data to illustrate the hidden ecological 
costs of single-use plastics ranging from manufacturing 
emissions to microplastic pollution to foster a culture 
of mindful procurement and transition toward a circu-
lar healthcare economy.

Institutional engagement and policy leadership
The near-total absence of Sustainability Officers (92.6%) 
highlights a void in medical leadership. Institutional 
engagement should move beyond individual goodwill 
toward the formal appointment of "Green Officers" 
within Anesthesia and ICU departments. These figures 
serve as vital links between clinical staff, “green” teams 
and hospital administration, ensuring that sustainabil-
ity is integrated into the institutional mission and that 
clinicians are empowered to lead ecological reforms 
from a position of recognized authority.

Multidisciplinary infrastructure, energy, and waste 
management
Energy and waste management represent untapped 
opportunities for significant carbon reduction. Since 
only 5.6% of responders declared the utilization of 
energy-saving protocols in ICU equipment and 68.7% 
have received no formal waste training, two parallel 
actions are required:

•	 Energy optimization: collaborative efforts with hos-
pital engineers are essential to manage high-energy 
systems, such as HVAC (heating, ventilation, and 
air conditioning) and air exchange rates in the OR 
during non-operative hours.

•	 Waste stewardship: implementation of rigorous 
waste-segregation protocols and educational work-
shops is needed to improve knowledge of waste 
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streams. This will reduce the volume of clinical 
waste and prevent the improper disposal of hazard-
ous materials, thereby lowering the carbon inten-
sity of waste processing.

Sustainable mobility and digital health transition
Our data indicates a high reliance on private vehi-
cle use for commuting (70.2%), representing a signifi-
cant indirect (Scope 3) emission source. Institutions 
should promote sustainable mobility through carpool-
ing incentives, improved cycling infrastructure, and 
subsidized public transport. Furthermore, where clini-
cally appropriate, the expansion of telemedicine (cur-
rently supported by 68.6% of the sample) can drastically 
reduce the carbon footprint associated with patient 
travel and hospital admissions, aligning clinical effi-
ciency with environmental goals.

Corporate responsibility and cradle‑to‑grave 
stewardship
With only 23.3% of clinicians receiving environmental 
data from industry, there is a clear mandate for enhanced 
corporate transparency. Beyond addressing drug wast-
age, companies must be held accountable for the entire 
cradle-to-grave carbon footprint of their products. This 
involves adopting sustainable device designs, utiliz-
ing low-impact materials, and providing comprehensive 
LCA data. Industry partners must move toward offer-
ing "green" procurement options that prioritize recycla-
bility and reduced packaging, empowering clinicians to 
make evidence-based, sustainable choices in their daily 
practice.

Conclusions
This nationwide survey demonstrates strong commit-
ment to environmental sustainability among Italian anes-
thesiologists–intensivists yet reveals a persistent gap 
between awareness and clinical implementation. Deficits 
in education, guideline uptake, institutional leadership, 
and practice consistency hinder sustainable anesthesia 
and intensive care, highlighting the need for structured 
training, integrated sustainability frameworks, and for-
mal institutional engagement.
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