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In the first two decades of this new millennium, the self-sufficiency of Evidence- 
Based Medicine (EBM) have begun to be questioned.  The narrative version 
gradually assumed increasing importance as the need emerged to shift to more 
biologically, psychologically, socially, and existentially focused models. The 
terrible experience of the COVID pandemic truly revealed that EBM alone, while 
being a wonderful scientific philosophy and containing the physician's paternalistic 
approach, has its limitations: it often ignores both the patient's and physician's 
perspectives as persons, as human beings; it pays relentless attention to biological 
markers and not to the more personal, psychological, social, and anthropological 
ones, removing the emotions, thoughts, and desires of life, focusing  on just the 
“measurable quality" of it.  

Health Humanities, Medical Humanities and Narrative Medicine are arts 
intertwined with sciences that allow to broaden the mindset and approach of 
healthcare professionals. helping them to produce better care and more well-being.

Aim of this series is to collect “person-centered” contributions, as only a 
multidisciplinary and collaborative team can meet the challenge of combining the 
multiple aspects of human health, as well as the health of our planet, and of all the 
creatures that live on it, in a common effort to stop or reverse the enormous damage 
committed by humans during our anthropocentric era: a new paradigm of healthcare,  
education and learning to create a sustainable health system.
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Preface

Why should we need a book to collect ideas about the future of surgery? And why 
should it be co-edited by a surgeon and management scholar?

As many more industrial fields, the healthcare sector is facing some grand chal-
lenges that are disrupting the current scenario. These urgent issues are calling for 
sound solutions.

The global demand for healthcare services is increasing, especially taking into 
consideration an aging population with chronic diseases. Budget cuts and the need 
for long-term financial sustainability are being imposed in most countries. 
Technological innovation is running fast, and the fourth industrial revolution char-
acterized by paradigms like robotics, artificial intelligence, additive manufacturing, 
and the blockchain is being replaced by new solutions aiming at deep tech, quantum 
computing, and space economy. While technological developments are relevant, 
sometimes research and development activities still struggle to be translated from a 
lab scale to pharmaceutical products, clinical protocols, diagnostic or surgical tech-
niques, leaving important unmet medical needs. Therefore, solutions should be 
found elsewhere. The COVID-19 pandemic has exacerbated all these challenges, 
underlining some relevant organizational and knowledge gaps to be addressed and 
resolved.

Most of these issues are affecting surgery as well. Technologies like artificial 
intelligence, mixed and augmented realities, and robotics are offering new surgical 
solutions, but they are also unveiling new ethical questions and educational 
paradigms.

The relationship with the patient is changing, calling for a more effective 
surgeon- patient dialogue and shared decision-making, which often requires ade-
quate tools to translate knowledge and information, even at a distance with e-health 
instruments.

Multidisciplinarity is a key paradigm, especially in surgical oncology, and the 
clinical expert panel comprises new specialities and professionals for integrated 
care. Surgeons will need to act as “hybrid managers,” with their responsibilities run-
ning beyond pure surgical practice.
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Global trends like environmental sustainability are stepping into the operating 
room, affecting the way surgeons will carry on their decision-making processes.

Diversity and inclusion represent top priorities in medicine and in the manage-
ment of surgical teams.
That is why the surgical profession and the surgeon’s figure will need to take all of 
these challenges and trends into account. An exciting scenario awaits, but big 
changes are expected. Our book, comprising contributions from surgeons but also 
other professionals (healthcare executives, policymakers, academics, clinicians 
with different expertise, …), wishes to inspire the international surgical 
community to face these exciting challenges.

Florence, Italy Jacopo Martellucci  
Venice, Italy  Francesca Dal Mas  

Preface
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Chapter 1
How to Create a Surgeon: The Surgical 
Leaders of Tomorrow

Jacopo Martellucci  and Francesca Dal Mas 

“From time to time predictions about the future of surgery have been made that 
subsequently proved to be both fallible and foolish. Indeed, most such predictions 
now serve the classic purpose of indicating the folly of those who made them.”

Debakey ME. The future of surgery. Ann Surg. 1963.
In these times of rapid changes, the evolution of surgery only partly reflects 

developments in surgical technique or in physiopathological knowledge. The great-
est influence is received from changes in fields supposedly unrelated to human 
health, such as technology, business, society.

Until now the major changes in surgical practice have been related to advance-
ments in medical science, such as asepsis, anesthesia, blood transfusion, or organ 
transplantation. However, the progressive evolution from open surgery to minimally 
invasive surgery and from demolitive/reconstructive surgery to interventionalism 
marked the crossing of an irreversible limit: surgery of the future can no longer be 
independent of technology.

In the near future, surgery is expected to become even more precise and less inva-
sive, with fewer risks and side effects, even if not so much due to the technical skills 
of the surgeon (always essential). Robots or computer-guided tools will become 
commonplace in the operating room, allowing us to perform more complicated pro-
cedures, reducing surgical errors, and improving patients outcomes. As healthcare 
becomes increasingly personalized and data-driven, surgery will become tailored to 
the individual patient, using advanced analytics to determine the best course of 
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Emergency Surgery, Careggi University Hospital, Florence, Italy 
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action. The use of artificial intelligence, virtual reality, and machine learning algo-
rithms could help surgeons to improve their training, their decision-making process 
and make surgery more efficient. Advances in technology may also lead to the devel-
opment of stem cell therapies to repair damaged tissues, 3D printing to create per-
sonalized implants, as well as gene-editing techniques to treat genetic diseases.

Technological evolution will also mean that we will be able to explore more 
effectively the complex mechanisms that regulate our body, enabling us to improve 
our knowledge and answer many unanswered questions.

Unfortunately, technological surgery will have costs, and waste, and these will 
certainly be among the social challenges of our near future. Moreover, the progres-
sive increase in technological interfaces between the surgeon and the patient could 
adversely affect what is the basis of our work: the patient–doctor relationship.

All these challenges will make the surgeon we have in mind when looking back 
at the past very different from the one we will be asked to be, but one thing is sure: 
the surgeon will continue to be the heart of this increasingly complex system.

Considering this, the surgical leader of Tomorrow will be:

 Technological

“It has become appallingly obvious that our technology has exceeded our humanity.”
Albert Einstein.
Obviously. In a world increasingly filtered by technology and digital interfaces 

surgeons will need to be able to manage and sometimes to chase technological actu-
alities and advances. This will influence their training, their profession, their 
research, their reputation.

The possibility to use simulators, to participate in events and distance learning 
courses, to network with referral centers, to access any existing scientific content 
through global databases are just some of the opportunities that will enable more 
accessible, comprehensive, and continuous training, very different from the tradi-
tional model of surgical school, where the content to be learned was not extracted 
from a shared global knowledge but from local experiences and habits.

It is unnecessary to say that artificial intelligence, robotics, cybernetics, and other 
bioengineered advances will change our approach to major surgery, such as endo-
scopic, radiologic guided or endovascular procedures will change our indications.

However, the surgeon’s main task will be not to passively submit to the various 
technological proposals, but rather to orient them according to his own needs, in 
order to have developments that are most closely relevant to the requirements of our 
profession.

 Digital

“If you do not come up on a Google.com search you are a nobody.”
Moshe Schein.

J. Martellucci and F. Dal Mas

http://google.com
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Digital surgery may be defined as the use of technology for the enhancement of 
preoperative planning, surgical performance, therapeutic support, or training, to 
improve outcomes and reduce harm [1].

Nowadays, it is estimated that up to 60% of the global population uses internet 
and other digital channels, and this value increases by more than 90% in industrial-
ized countries, with an average time per person daily spent using the internet of 
more than 6  h (about 2  h/day for social media), and about 50% of people have 
looked for health or medical information on the internet or have accessed a website 
that provides information about specific medical conditions [2].

With these considerations in mind, it is evident that the digital world holds sig-
nificant opportunities for both professionals and patients. Eased professional net-
working and education but also organizational promotion (health care systems, 
hospitals, companies, professional societies, patients associations, etc.) and public 
health programs, or patients education and care are only some of the powerful 
examples to take advantage of.

However, the surgeon should manage these opportunities carefully because dan-
gerous limitations must always be considered. These included often poor or unveri-
fied quality of information, potential damage to professional image, privacy issues 
(patient privacy, personal privacy, patient–hcp relationship, hospital–hcp relation-
ship, etc.), and legal issues (constantly modified and updated).

 Manager

“I would like to see the day when somebody would be appointed surgeon some-
where who had no hands, for the operative part is the least part of the work.”

Harvey Cushing, in a letter to Dr. Henry Christian, November 20, 1911.
In current and future organizational models, the surgeon is increasingly asked for 

numerous new skills, which are not part of the medical background, and for which 
professionals often have no training.

A skillful operation is 75% decision-making and 25% dexterity [3] and in about 
half of the errors in surgical operations (or in medical-legal disputes) there is a com-
munication problem that contributes to the bad result [4].

Nontechnical skills such as decision-making, leadership, teamwork, team build-
ing, communication, or resilience are increasingly crucial in a multidisciplinary and 
multi-professional working context such as the surgical patient pathway, where sur-
gery is often only one of the several therapeutic moments of more and more com-
plex patients.

Moreover, organizational duties are now part of daily business, with the request 
of control and organization of resources, strategic and streamline management, 
problem solving, or participation in the budget programming.

Finally, the growing problem of waste produced by surgical activity, the associ-
ated energy- intensive processes, the consumption of resources, and the use of vola-
tile anesthetic agents cannot be forgotten, as well as its economic and environmental 
sustainability.

1 How to Create a Surgeon: The Surgical Leaders of Tomorrow
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It is therefore clear that for the surgeon the moment in the operating room will 
increasingly be a moment of serenity, which interrupts the need to deal with the 
multitude of non-surgical problems that plague him.

 Woman

“The ideal surgeon should have the mind of Aesculapius, the eye of an eagle, the 
heart of a lion, and the hands of a woman.”

Attributed to fifteenth century English author.
The number of women entering medicine significantly increased over the last 

decades. Currently, more than 60% of the medical students are women and up to 
50% are considering a surgical speciality for their profession. However, despite the 
increasing number of women in medicine and surgery, there are still low numbers 
of women in senior faculty and clinical roles and lack of mentorship, feelings of 
exclusion, demands of childrearing, and poor accommodations during childbearing 
years are still reported as potential barriers.

Anyway it is certain that this process is not only irreversible but also a great 
opportunity for the surgery of the future. In these times of rapid changes, with sur-
gery that is less and less extreme and more technical and optimized, ideal scenarios 
can arise to offer attractive and rewarding professional situations also for women. 
This also means the improvement of working conditions and work–life balance 
accommodation. But most of all, it will mean no longer needing to call us male 
surgeon or female surgeon, but simply surgeon.

 Amazing

The knife is not for pressing. It is for drawing across the field of skin.
Richard Selzer, Esquire, November 1, 1974.
Medical TV series and movies have accustomed us to an image of good-looking 

surgeons. Even if it has been suggested that male surgeons may be taller and better 
looking than other physicians, film stars who play doctors on screen are definitely 
better looking than both these groups of doctors [5]. Moreover, the era of surgeons 
presenting to patients and relatives in bloody scrubs is over. Today, surgeon’s 
appearance affects perceptions of the quality of medical care received, and white 
coat formal attire was almost always preferred by patients, even if perceptions of 
attire are influenced by age, setting, and context of care [6].

Over the last few years, there has been a growing interest in integrating arts and 
humanities in medicine to increase empathy and resilience, improve personal well- 
being, communication, and observational skills, enhance self-reflection, and pro-
mote professionalism. These desired skills and qualities are becoming increasingly 
important for the physicians and surgeons of tomorrow [7].

J. Martellucci and F. Dal Mas
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Surgery has always been technique, art, passion. The passion behind the choice 
of a surgical profession has usually been an indicator of a curious and creative per-
sonality. It is therefore not surprising that surgeons often take up other creative 
activities with equal passion, such as visual arts, writing, music, cooking, and many 
others [8].

It is also interesting to note that, for example, playing music and performing 
surgery have in common several cognitive skills that include great accuracy in 
motor performance, integration of multimodal sensory and motor information, 
coordination between eye and hand, spatial visualization, intense concentration, 
quick reaction time, and efficient mental rotation. Moreover, it has been shown that 
people who played a musical instrument performed laparoscopic tasks on a simula-
tor significantly faster than those who did not and musical background is associated 
with better performance of fundamental surgical skills among surgical novices, par-
ticularly technique quality [9].

It is certain, therefore, that the surgeon of the future will not only be good- 
looking but will also retain the passion that has always characterized our profession, 
finding more and more alternative ways to improve himself and to keep intact the 
deeper meaning of surgery, which despite everything is not just profession, but art.
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Chapter 2
How to Create a Surgeon: History 
of Surgical Training

Donatella Lippi and Jacopo Martellucci 

 Introduction

On the gravestone of William T. G. Morton (1819–1868), in the Cambridge ceme-
tery (Middlesex County, Massachusetts) is written: “Inventor and Revealer of 
Inhalation Anesthesia: Before Whom, in All Time, Surgery was Agony; By Whom, 
Pain in Surgery was Averted and Annulled; Since Whom, Science has Control of 
Pain” [1].

On October 16, 1846, in fact, Dr. Morton had practiced the first general narcosis, 
marking the birth of modern anesthesia. It was an epochal turning point, a new 
chapter in the history of surgery, which could suppress, in this way, pain and which 
would have learned to avoid infections and bleeding.

These had always been the obstacles against the affirmation of surgical practice, 
which remained for a long time, albeit in the articulation of its skills, in the hands of 
barbers and charlatans: until the nineteenth century, in fact, the evolution of surgery 
was limited by bleeding, infection, and pain [2].

History of surgery however has very ancient roots as documented by human 
remains and literary sources. Surgical interventions are attested by literary sources, 
in ancient times, throughout the Mediterranean basin.

Egyptian papyri, in particular that of Edwin Smith, deal with numerous cases of 
traumatological interest, and in the classical world, the group of surgical treatises 
traditionally attributed to the school of Hippocrates, constituted an unsurpassed 
model for the Hellenistic and Roman culture and then again in the Renaissance and 
beyond [1].

D. Lippi (*) 
Department of Clinical and Experimental Medicine, University of Florence, Florence, Italy
e-mail: donatella.lippi@unifi.it 

J. Martellucci 
Emergency Surgery, Careggi University Hospital, Florence, Italy

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-47623-5_2&domain=pdf
https://doi.org/10.1007/978-3-031-47623-5_2
https://orcid.org/0000-0002-7437-9098
mailto:donatella.lippi@unifi.it


10

The theater of these interventions were the battlefields, which offered the oppor-
tunity for decisions and operations, which went beyond the philosophical approach 
of medicine, to deal with the emergencies of the body.

The results of these interventions, however, denounced the limits of a practice 
governed by fate: “Diaulus, lately a doctor, is now an undertaker: what he does as 
an undertaker, he used to do also as a doctor” [3].

Military surgeons, on the contrary, were renowned. Eutyches, the surgeon of 
Ariminum, victim of the hordes of Alemanni and Iutungi invaders in the third cen-
tury AD, possessed a box containing 150 surgical instruments: scalpels, knives, 
spring forceps, very sharp hooks, needles, probes and pincers [4].

Operative techniques and surgical interventions ranged, in fact, in the various 
anatomical districts and differed for various levels of severity: bruises, abscesses, 
fistulas, removal of arrows, head defects, eye, ear, and odontostomatological dis-
eases, hernias, varices, stones, dislocations, fractures, and gangrene.

From the naïve lowering of cataracts, to paracentesis for ascites, to hernia opera-
tions and perineal incisions to remove bladder stones.

This patrimony of knowledge, which was systematized in the classical world, 
was transmitted to the medieval West, through the Epitome, in seven volumes, by 
Paul of Aegina (seventh century AD.), a compendium of medical texts, which, in the 
ninth century, was translated into Arabic and became the surgical text of reference 
for medical encyclopedists of the Islamic world.

 Toward Surgical Education

The Roman Cornelius Celsus (25 BC–50 AD) was the author of the eight-volume 
compendium De medicina libri octo, which was the first medical treatise written in 
Latin and using Latin medical terminology, including two books about surgery 
(VII + VIII).

In this work, he divided medical knowledge into three parts: a part devoted to 
diseases cured by means of diet; diseases cured with medicine; diseases in which 
surgical intervention was necessary [5].

Also in the so-called Hippocratic Oath, the role of the surgeon was clearly distin-
guished by the role of the doctor, laying the foundations of medicine as an intellec-
tual profession while surgery was considered a practical, banausic activity: “I will 
not cut for stone, even for patients in whom the disease is manifest; I will leave this 
operation to be performed by practitioners, specialists in this art” [6].

Oὐ τεμέω δὲ οὐδὲ μὴν λιθιῶντας, ἐκχωρήσω δὲ ἐργάτῃσιν ἀνδράσι πρήξιος 
τῆσδε: the expression πρήξιος confirms the practical approach, not supported by a 
theoretical attitude.

Although this separation of surgery from the practice of medicine was already 
present in early medieval times, this was emphasized in 1215 by the Fourth Lateran 
Council, when the Church forbade from performing surgical procedures, as contact 
with blood or body fluids was viewed as contaminating.
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Dubious as it is, the bulla Ecclesia abhorret a sanguine is believed to have influ-
enced the separation of surgery from medicine: as a result, the practice of surgery 
was downgraded to craft status with training by apprenticeship [7].

With the advent of specialized programs for education in medicine (physic), sur-
gical training came to occupy an even lesser status in the curriculum. The manual 
nature of surgical work caused it to be viewed as a trade rather than an art.

In the midst of the fourteenth century, the famous surgeon Guy de Chauliac (d. 
1368), while reconstructing the history of surgery, argued that an initial unity of the 
art of health was followed by a distinction between medicine and surgery.

However, he mentioned Ruggero di Frugardo (c. 1170), and Rolando da Parma 
(c. 1230), as the first to set surgery apart from medicine: he recognized their value 
as empiricists but underlined their role in writing works focused on surgery [8].

With Rolando and Ruggero, Bruno da Longobucco and Teodorico Borgognoni, 
the new surgical school of northern Italy was built, but there is no evidence that their 
books were expressions of oral teaching and connected with an academic training.

Guy claims general theoretical training for the surgeon as well: the ideal surgeon 
had to be a learned man (litteratus), expert in anatomy and trained in medicine, 
knowing the sex res naturales, res contra naturam and the sex res non naturales, 
which encompassed the habits of life of individuals [9].

Only with this general background, surgery could be brought to perfection 
(perficitur).

Guy de Chauliac’s ideal was, however, an auspice that was not reflected in reality 
and contrasted with the general situation: surgery was not part of academic medi-
cine and it was taught and learned privately, by attending the operations of a master.

In many cases, this competence was transmitted within the family: all the four 
sons of Ugo da Lucca, municipal surgeon in Bologna, for instance, became sur-
geons and one of them, Teodorico, was the author of a Chirurgia, where he shared 
his father’s secrets with his public [10].

The abandonment of the secret can be considered another evidence of the sur-
geon’s project to transform their activity into a learned discipline, which could and 
should have been transmitted, taught, and shared [10].

Surgeons knew they had an ancient tradition behind them, studded with the great 
names of the past, and this awareness gave them the impetus to accredit their disci-
pline, in the shadow of the teaching of the greats of Classical and Arab medicine.

Guglielmo da Saliceto (thirteenth century AD), for instance, tried to emancipate 
surgery from the ancillary role to which it was relegated, because the surgeon- 
barber, a manual practitioner, had no academic dignity and was devoid of that bag-
gage of theory and philosophical reflection, which constituted the difference from 
the physicus [11].

His Chirurgia, in which anatomy plays a pivotal role, demonstrates his aim at 
structuring surgical knowledge in the form of a doctrina, which could be taught 
and shared.

This process could have taken place at the University of Bologna, where there 
was a long tradition in medical and anatomical studies: the situation was more 
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complex in other European Studia, which, however, in the fourteenth century, pro-
vided for surgical instruction, more or less organized.

Just to give some examples: since 1339, the Pisan Studium had called a reader ad 
lecturam cirugiae scolaribus and, albeit in a discontinuous manner, teaching had 
been guaranteed over the centuries [12].

Even within the Florentine Studium, many Lectors of surgery were present, 
called to teach it as an autonomous subject, but Lorenzo the Magnificent in 1472 
closed the Florentine Studium in favor of Pisa’s, interrupting this academic tradi-
tion [12].

In Paris, the College de Saint Come, established in about 1210 AD, was the first 
to separate surgeons from barbers, by identifying the academic surgeons, those who 
had training or had attended the university, as surgeons of the long robe and the 
barber-surgeons as surgeons of the short robe.

To systematically instruct barbers in surgery, a school was set up in France in the 
middle of the thirteenth century by the Brotherhoods of St. Cosmas and St. 
Damian [13].

Thus, surgery could be offered either as part of the medical curriculum or as a 
separate subject, but it was considered inferior in status to medicine and left as latest 
resource: in many Universities, the license in surgery became a sort of second-class 
academic degree, deepening the gap with medicine and creating a hierarchy that 
excluded the surgeon from academic training [14].

For example, by the 1430s, the Paduan medical faculty had five lecturers in sur-
gery among its sixteen members but there were more masters than students and 
between 1405 and 1434, not a single student completed the surgical degree [15].

 The Renaissance of Surgery

Pietro d’Argellata himself (d. 1423) was a distinguished surgeon; a pupil of Guy de 
Chauliac, he was Chair of Logic, Astrology, and Medicine at the University of 
Bologna: Pietro himself suggested his readers to leave surgery to wandering 
empirics, maybe due to avoid the lethal risks which surgery inevitably implied [16].

Despite the objective problems implicit in the practice of surgery, during the 
Renaissance conditions were met to allow the development of surgery: the use of 
firearms, the greater anatomical knowledge, and the printed edition of Classic surgi-
cal works allowed the acquisition of fundamental techniques.

In particular, the arrival in Italy of the Niceta codex and the translation into Latin, 
by Guido Guidi (1544), of the surgical treatises attributed to Hippocrates paved the 
way for new experiments [1].

However, generally speaking, the fortune of surgery in the universities was not 
long-lasting and, at first redimensioned, it was progressively excluded from the aca-
demic path, addressing mainly health professionals exclusively surgeons.

For this reason, the teaching of surgery took place in hospitals.
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The initial informal didactic function of hospitals was more and more disciplined 
and organized, giving rise to “real” Hospital schools that compensated for the 
absence of teaching university until the seventeenth-eighteenth centuries.

In Tuscany, for instance, the major city centers saw the rise, more or less simul-
taneously, of schools of this type: Florence in the Hospital of Santa Maria Nuova, 
Siena in that of Santa Maria della Scala, Pistoia in the Hospital of Ceppo and finally 
also in Pisa, when university teaching of surgery was cancelled from the university 
training offer [17].

The didactic vocation of the Hospital of Santa Maria Nuova, founded in Florence 
in June 1288 by Folco Portinari, father of Beatrice, the woman beloved by Dante, is 
confirmed since its origin.

By the will of the founder, foreigners and citizens were treated in the Medicheria, 
even if not recovered in the hospital: the most famous doctors and surgeons of the 
city operated there, assisted by three additional servants, who could learn the art of 
surgery.

When the School was officially founded is a thorny question: the real foundation 
of the School was traditionally attributed to Ferdinando I de’ Medici (1587–1609), 
but it was recently demonstrated that already in 1580 Santa Maria Nuova had a 
surgical curriculum, aimed at young students and lasting at least 4 years [12].

This feature is very important above all if compared to other situations.
In Lombardy, for instance, the license of minor surgery, yet in the mid-eighteenth 

century, required a 5-year of practical apprenticeship in a workshop and the exam 
was based on the mnemonic ability of answering a century of prepared questions.

Each hospital school and each university had its own rules, which involved also 
the relationship with other disciplines, in particular with the study of anatomy, 
which developed from the fourteenth century on.

From a didactic point of view, the teaching of surgery occurred contemporary to 
the affirmation of anatomy but they seemed not to be directly connected: Paracelso 
himself criticized anatomy, because it was a “dead discipline,” without any connec-
tion with clinics [18].

 Anatomy and Surgery

In England, the reputation of the surgeons began to increase slowly during the 
Renaissance, as they gained the esteem of various kings and made technical innova-
tions, but the rivalry with physicians continued until the king Henry VIII signed a 
charter in 1540 uniting barbers and surgeons in London.

This Guild of Barbers and Surgeons, forerunner of the Royal College of Surgeons, 
formalized a regulatory agency for training and certification of surgical practice, 
which set the stage for recognizing surgery as a profession, requiring unexperienced 
practitioners—aged from fourteen to twenty—to receive at least 7 years of training 
in the domestic shop of a senior surgeon [19].
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This mode of instruction offered would-be surgeons basic practical training and 
inculcated in them the duties and tasks associated with company membership.

Along with the teaching of technical skills, the surgical apprenticeship estab-
lished a clear patriarchal relationship with the senior surgeon and aimed at ensuring 
that there was uniformity of behavior and that the future surgeon would respect the 
rules, aligning himself with the tradition.

To strengthen the educational goals of the Barber-Surgeons’ Company, the print 
medium was used, improving the professional skills and behavior of the young 
colleagues.

Thanks to these innovations, there was a significant change in the consideration 
of surgeons: the inclusion of surgical courses in some Universities, and the increas-
ing availability of published texts on the topic of surgery determined a shift in the 
perception of surgery and surgeons.

Recent studies have maintained that this surgical training was often “multi- 
modal and included hands-on and oral instruction conducted in close master- 
apprentice relationships, in lectures and anatomical demonstrations organized by 
guilds, and in self-directed book-based learning” [20].

It was necessary to combine wisdom, experience, and technical competence to 
the study, according to the formula “the book and the art,” a merging of textual tradi-
tion, practical experience, and the capacity of treating, through direct manual 
manipulation, sick, and injured bodies [19].

“Eliminating the superfluous, reducing what has been displaced, separating 
what has been united, bringing together what has been separated, repairing the 
defects of nature”

Surgery also owes much to Ambroise Pare, regarded by many as one of the 
Renaissance’s greatest surgeons [21].

All the sovereigns of Europe courted Ambroise Paré, who remained faithful to 
his status as a surgeon, rejecting the paludaments and honors of medicine.

He successfully applied rose oil, egg whites, and turpentine on gunshot wounds, 
which became one of his most widely used surgical techniques, substituting the 
moist treatment with the dry one.

He taught the ligation of vessels, used Punctus aureus in the treatment of hernia, 
inaugurated the dry treatment of wounds, refuting that pus was “bonum atque laud-
abile” and inventing prostheses to avoid phantom limb syndrome.

Surgery had already understood the importance of the “restitutio ad integrum,” 
anticipating the need for functional restoration.

Despite the evolution of techniques and the acquisition of new knowledge, it was 
only in the eighteenth century, however, that surgeons, who had always learned by 
“imitating,” were able to have access to a complete academic training course [22].

It was the year 1731, when the Académie Royale de Chirurgie was founded in 
Paris by Georges Mareschal, first surgeon of Louis XV, and by François de 
Lapeyronie, whom Mareschal had chosen as his successor: its motto was Consilioque 
manuque (“By the reasoning and by the hand”), which paved the way for surgery as 
an academic discipline [23].
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The way was thus opened for surgery as a clinical activity and for its definitive 
recognition as an academic discipline, paving the way for the fight against charla-
tanism, on the one hand, and the recognition of professionalism on the other.

In fact, the power struggles between the Company of Physicians and the Company 
of Barber Surgeons and the infighting between barbers and surgeons by the end of 
the seventeenth century in London occurred in many major cities all over Europe [24].

 Women

Although mentions of women practicing surgery (in particular obstetric and gyne-
cological procedures) are reported from the earliest times, the presence of women 
who performed surgery from the middle ages is very rare: in Florence, for instance, 
the first woman surgeon managed to obtain the possibility to work in 1788.

Among the Proceedings of the Florentine Medical College, a corporative institu-
tion dating back to the thirteenth century, empowered to give individuals permission 
to officially practice medicine and surgery in Tuscany from 1560 through the sec-
ond half of the nineteenth century, many names of midwives occur, as every health 
care practitioner, not only physicians and surgeons, had to apply to take the qualify-
ing examinations [25].

A striking element in this documentation concerns Maria Petrocini Ferretti 
(1759–1791), whose case documents which formative channels were still in the 
eighteenth century.

Maria Petrocini Ferretti had learned basic surgical skills from her husband, 
Francesco, who worked as a surgeon in Anghiari, a small town near Arezzo in the 
Tuscany region [26].

In 1788, she made a request to undergo the licensing examination administered 
by the Florentine Medical College, providing the necessary certificates, signed by 
the most important surgeons of the Florentine School of Surgery that attested to 
her skills.

The College refused to consider her request because, even though she had scien-
tific knowledge, a woman could have neither steadfast hand nor boldness, which 
were essential requirements for a surgeon [27].

To support its thesis, the College brought illustrious examples, as the verdict of 
the Athenian Areopagus, which forbade women to practice medicine.

Thus, Petrocini Ferretti was forced to write a plea directly to Grand Duke Pietro 
Leopoldo d’Asburgo Lorena of Tuscany, confirming her long apprenticeship under 
her husband’s guidance and her consistent attendance during lectures in anatomy, 
obstetrics, and surgery in the Hospital of Santa Maria Nuova in Florence, which 
housed the Florentine School of Surgery.

A Grand Ducal decree dated August 16, 1788, gave her the opportunity to take 
the examination.

Petrocini Ferretti took the exam and was passed with all votes in favor, obtaining 
the long-awaited permission to practice surgery on September 13, 1788. She and all 
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other surgeons had to strictly follow the rules in force; for instance, they were pro-
hibited from castrating children to preserve their high-pitched voices for use 
in choirs.

The following year, Petrocini Ferretti left Florence and published a book in 
which she introduced new methods of bringing up children, such as the abolishment 
of swaddling in newborns [26].

Petrocini Ferretti’s story remained an isolated case in Florence for a long time.
However, her example was followed by other women in the early years of the 

nineteenth century, including her daughter Zaffira, who received a degree in surgery 
from the University of Bologna in 1808 and the license to practice surgery in 1810, 
and Maria Dalle Donne (1777–1842), director of the School of Obstetrics for 
Midwives in Bologna.

In the rest of Europe, with the rise and predominance of the male dominated 
church, women were actively discouraged from the practice of surgery. In 1313, in 
Paris, a royal edict banned women from the practice of surgery unless examined by 
a competent jury. During the fourteenth and fifteenth centuries, no women were 
allowed to practice surgery except for widows or daughter of deceased surgeons. In 
the fourteenth century, King Henry VIII was quoted as saying “No carpenter, smith, 
weaver or women shall practise surgery.” Moreover, when in 1540 he allowed the 
founding of the Company of Barber Surgeons, women were banned [28].

Despite all the attempts made to prevent women from practicing surgery, they 
continued to do it during this period, without formal training or recognition in 
Europe and North America for the next centuries.

The first recorded female surgeon in North America was Mary Edwards Walker, 
graduated at Syracuse Medical College in New York in 1855 (the second woman to 
graduate from an American medical school after Elizabeth Blackwell in 1849). At 
the beginning it is believed that her surgical practice failed because she refused to 
change her surname and practiced as a nurse. Only in 1863 she was recognized as 
the first female surgeon working for the US Army.

The first registered female general surgeon in Canada according to the Royal 
College of Physicians and Surgeons registrar was Jessie Gray (1910–1978). In 
1934, she was the first female surgical graduate from the Gallie Program at the 
University of Toronto. In 1941, she was named Canada’s “First Lady of Surgery” 
and she served, starting in 1946, as chief of surgery at the Women’s College 
Hospital [29].

The first admitted woman by the American College of Surgeon was Florence 
Duckering, in 1913. In 1975, women represent less than 2% of ACS members. In 
2018, of the approximately 82,000 members of the ACS, 16 percent were women 
(40% of residents).
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 The Revolution

Behind the surgical revolution which took place in the eighteenth century, there is a 
new bourgeois society, which, on the ruins of the Bastille, also broke the eighteenth- 
century practice of professional stereotypy, transmitted at the family or noble level.

It is not hazardous to affirm that special surgery affirmed before than general 
surgery, as orthopedics and other specialism responded to a social necessity which 
had arouse from the philanthropic approach of the French revolution [2].

The way was paved for the rise of surgeons, who, in 1850, saw their discipline 
achieve academic dignity in much of Europe and the USA.

In 1745, English barbers and surgeons separated: the Company of Surgeons 
received its royal charter in 1800, expanding from the Royal College of Surgeons in 
London to the Royal College of Surgeons of England in 1843.

By the beginning of the nineteenth century, training had unified in England, so 
that surgeons and medical doctors went through the same medical school or univer-
sity training, received the same degree authorizing them to practice medicine, and 
practiced in the same institutions.

For the most part, surgeons and internists are now both known as “doctors” [30].
The efforts of an entire scientific community converged, then, on the need to 

eliminate the other major obstacles, which stood in the way of the definitive affirma-
tion of surgery: pain, infections, bleeding.

It was thanks to Joseph Lister (1827–1912) to have identified, on the basis of 
Pasteur’s experiences, two fundamental principles for the development of oper-
ative surgery: the germs responsible for putrefaction are present everywhere 
and the infection does not represent a normal stage in the process of wound 
healing [31].

However, theoretical and economic reasons were opposed to antisepsis and only 
starting from the 1870s, following the research of Koch, who provided the theoreti-
cal and experimental basis for the theory of germs and the specificity of wound 
disease, the surgeons dressed in white, used sterilized gowns, masks, and gloves.

Two surgeons were the first to receive the Nobel Prize, Theodor Kocher, in 1909, 
for his work on the physiology, pathology, and surgery of the thyroid gland and 
Alexis Carrel, in 1911, for his research on blood vessel suturing and transplants.

Still, at the beginning of the twentieth century, even the surgical amphitheaters, 
which had been the background to Billroth and Gross, closed the wings, to trans-
form themselves into real operating suites, enriching themselves with the instru-
ments useful for diagnostic and post-operative control, after the introduction 
of X-rays.

Surgery no longer needed the spectacularity of the theater and became practice, 
in close collaboration with the clinic and laboratory, invoking the fast track and the 
acceleration of times, including hospitalization.

This improvement in technology and the change in culture have been pivotal to 
the development of surgery from a set of skills into an accepted medical profession.

2 How to Create a Surgeon: History of Surgical Training



18

Consequently, apprentice style surgical training has developed, particularly rap-
idly in the twentieth century, including structured progressive exams: technical 
skills continued to be evaluated by senior supervising surgeons, but training occurred 
in departments with recognized mentors and senior specialists [32].

This apprenticeship system stimulated the “cult of the individual,” with the iden-
tification of masters who established competing “schools of surgery,” who identified 
themselves in a master, in his style, in his techniques.

The end of the nineteenth century and beginning of the twentieth marked the first 
major shift from the previous apprenticeship training models to more formalized 
and structured training.

The method currently in practice to train surgical residents in the USA is, in large 
part, due to the influence of William Halstead (1852–1922), who developed a novel 
residency training program at Johns Hopkins Hospital that, with some modifica-
tions, became the model for surgical and medical residency training in North 
America [33].

In 1904, Halstead delivered a momentous lecture at Yale on the training of sur-
geons, suggesting the adoption of a model of the German system of residency train-
ing, whereby trainees received increasing responsibility with each advancing year: 
the Halsted triad of educational principles included knowledge of the basic sci-
ences, research, and graduated patient responsibility for the resident [34].

The model allowed for improved structure and standardization in training, but it 
also introduced the “pyramid” structure in residency training, in which candidates 
would be eliminated each year, until culminating in the graduation of a single chief 
resident.

The idea gained support and, in 1928, the American Medical Association House 
of Delegates approved the application of the underlying principles promoted by 
Halstead to approve residency programs and fellowships.

However, it was William Osler (1849–1919) to have started the first modern 
North American residency, introducing in 1893 the concept of clinical clerkships, 
and incorporating bedside rounds into student classes.

In fact, the history of surgical training in the last two centuries was particularly 
debated in the USA, where, in 1913, the American College of Surgeons (ACS) was 
founded: in 1939, the ACS published the Fundamental Requirements for Graduate 
Training in Surgery, which proposed criteria for hospitals that trained surgical resi-
dents, along with guidelines for achieving training criteria [35].

In the following decades, many specialist boards were formed, and in 1928, the 
American Medical Association published the “Essentials of Approved Residencies 
and Fellowships” [36] but there was a need to standardize practices, policies, and 
standards, so that in 1981, the Accreditation Council for Graduate Medical Education 
(ACGME) was born.

Since then, the initiatives have multiplied and surgery has undergone a deep 
transformation: technologic advances such as the emergent use of the electronic 
medical record (EMR), minimally invasive surgery (MIS), and efforts by the health 
care system to reduce hospital costs have led to what is called “fast track surgery,” 
circumscribing the surgical act, and depriving students of diagnostic and post- 
operative experience [37].
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The operating room is no more the predominant location for the acquisition of 
technical skills: therefore, it is necessary to develop education methods for acquir-
ing technical skills in other contexts and many different programs were developed, 
involving workshops focused on basic surgical skills, which are appropriate for all 
medical and surgical disciplines [38].

In the UK in 1976, the Association of Surgeons in Training (ASiT) was 
founded, an independent organization of the National Health Service (NHS), 
Surgical Royal Colleges, and speciality associations and has the aim at endorsing 
excellence in surgical training for the advantage of would-be surgeons and 
patients [39].

ASiT has recently published a list of 34 key recommendations to improve the 
content and the delivery of surgical training and education, fostering a debate with 
different stakeholders, in order to draw the most appropriate training program.

 Present and Future

The apprenticeship model, exemplified from the phrase “see one, make one, teach 
one,” is no more valid.

The increase in complexity of surgical care and teaching constraints has made 
progressively difficult to use the apprentice model. There are three specific areas of 
concern: (1) skills assessment, (2) inefficiencies and time limits inherent in mentor- 
dependent teaching, and (3) credential methods [40].

Therefore, a new paradigm for surgical education is now required, in the frame 
of a new model for education that takes into account the new typology of student 
aspiring surgeons, transforming the assessment in surgical training from the appren-
ticeship model to a more objective workplace-based assessment pattern.

Today’s medical students and surgical residents were born into the Millennial 
generation [41] and their learning attitude is quite different from the ones of the 
“digital immigrants,” who are forced to adapt themselves to a continuously new 
approach: the surgical educator is challenged to adjust educational methods to meet 
the needs of the twenty-first century learner.

In recent decades, many new training opportunities have been created, thanks to 
e-learning, which has articulated in “flipped classroom,” “blended classroom,” and 
Massive Open Online Course, and today it seems established that e-learning is a 
more effective teaching method, because students acquire knowledge and skills 
faster than through traditional teacher-centered methods, leading to better motiva-
tion and performance [42].

However, for e-learning to be successful, there must be several elements: content 
management, course design, learning objectives and measurable outcomes, and 
communication [43].

With the development of technology and the reduction of working hours in surgi-
cal education, an increase in the use of simulation occurred, as students move for-
ward the 4 stages of learning as they progress through the residence: the novice, the 
apprentice, the boy and, finally, the teacher [44].
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The use of simulation was determined by the necessity to accelerate the acquisi-
tion of skills but the inadequate education and training of the surgeon caused many 
iatrogenic injuries, which the use of force multipliers tried to resolve: virtual learn-
ing and telementoring [31].

The expansion of knowledge, the lack of time, the increase in interventions, 
which do not always correspond to an increase in the number of professionals, have 
determined the progressively frequent use of innovative techniques, as virtual real-
ity, including mechanical simulators, robotics and telesurgery, and animate models, 
which provide students with the opportunity to complete their training.

However, it is necessary to accept and assimilate the awareness that these meth-
ods are not part of the future, but are the reality that surgeons face every day [24].

The problem of time is therefore crucial: time for study, for practical exercise, for 
surgery. Even more than what happened in the past, today the motto of the Ancients 
is valid: “Cito, tute, jucunde.”
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Chapter 3
E-Learning and Surgery: The Value 
of Sharing Knowledge

María Rita Rodríguez-Luna and Silvana Perretta

 Introduction

E-learning consists of learning through an electronic format (where “e” stands for 
“electronic”). Vaona et  al. define e-learning as any educational intervention dis-
seminated via the Internet [1]. E-learning interventions in the medical field have 
been able to address healthcare system training students, professionals, and patients. 
In the pursuit of better healthcare equity, particularly in geographical regions with 
limited economic capital such as Africa, Asia, and Latin America, e-learning has 
played an essential role in confronting the shortage of specialists in such lower- 
income countries [2].

In both financial resources and market share of tele-education, e-learning is 
expected to exceed 315 billion USD in 2021 with a 20% compound annual growth 
rate predicted for 2022–2028 [3, 4]. This underscores the  stakeholders’ (govern-
ment, networks, universities) need for greater investment in strategic e-learning 
implementation.

The recent SARS-COV2 (COVID-19) pandemic had an enormous impact on 
healthcare systems. The pandemic drastically changed educational structures world-
wide as it highlighted the need for innovative and enhanced approaches to address-
ing educational needs, especially in the complex field of surgery [5].
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 Current Perspectives on E-Learning

Within the last two decades, medical education has progressed significantly in 
implementing competency-based training, as well as focusing on how adults learn 
“andragogy” [6, 7]. Taking generational differences into consideration, and embrac-
ing qualities of physicians on the front lines such as millennials, has helped to spur 
creative electronic-based dissemination of scientific knowledge including but not 
limited to the use of social media [8]. In addition, there is growing evidence in 
andragogy regarding the disadvantages of a teacher-centered approach: as students 
already have a learning foundation upon which learning strategies should be built to 
achieve their educational goals. The traditional role of educators is evolving from a 
distributor of content to a facilitator, enhancing the learner-centered characteristics 
of the educational programs [9]. E-learning has fostered innovative educational 
strategies such as the flipped classroom, team-based learning, just-in-time teaching, 
think-pair-share, and problem-based learning [10, 11]. Due to its positive impact on 
educational systems and well-known advantages for trainees and providers, includ-
ing geographical coverage, self-paced learning, cost-effectiveness, targeting a large 
audience, and data availability for research purposes, e-learning is gaining popular-
ity and online programs are rapidly increasing in the surgical field [3].

Recent studies suggest that students are more inclined towards the newer teach-
ing method than traditional learning, and therefore e-learning could well facilitate 
continuing medical education (CME) and professional development.

 The IRCAD Experience

E-learning has been a cornerstone of the Research Institute against Digestive Cancer 
(IRCAD, France). Launched in 2000, WebSurg, the online university of IRCAD, is 
a video-based platform with operative procedures, state-of-the-art lectures, and sur-
gical technique videos, which provides surgical educational content by world- 
renowned experts in all fields of minimally invasive surgery, completely free of 
charge [12]. The WebSurg virtual university standards meet Health on the Net 
Foundation (HONCode) ethical requirements, guaranteeing high-quality and reli-
able content [13]. Importantly, this peer-reviewed process has helped WebSurg 
to become the primary online resource for many trainers [14, 15]. In light of the 
increasing demand to transfer knowledge remotely imposed by the COVID-19 pan-
demic lockdowns, an innovative and rapid transformation arose in the form of webi-
nars, massive open online courses (MOOC), and conferences. Webinars share all 
the advantages of e-learning, such as addressing geographical coverage, self-paced 
learning, cost-effectiveness, and data availability for research purposes [16].

The rise of e-learning also created the need for secure, user-friendly platforms 
and communication tools to meet trainee expectations. Indeed, these technologies 
are essential to provide quality, engaging e-learning content that keeps students 
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committed to their follow-up educational modules [17]. To this aim, IRCAD webi-
nars implemented strategies to improve participant satisfaction. One of these was 
having a key opinion leader (KOL) as a moderator to stimulate and optimize the 
interaction between speakers and participants during the Q&A panel. In fact, to 
ensure effective learning, most adult learners need an interactive environment [18]. 
Additionally, adult learners have superior performance in self-directed learning 
contexts rather than in conventional teacher-centered classrooms [19].

Since 2017, the European Accreditation Council for Continuing Medical 
Education (EACCME) has encouraged e-learning methodologies by providing 
accreditation for e-learning material provided by reputable educational institutions. 
Accreditation represents a major opportunity to standardize e-learning educational 
practices across the European Union by providing quality control and curriculum 
standards [20].

The COVID-19 pandemic has undoubtedly raised awareness of the importance 
of e-learning and sharing knowledge. Virtual international collaboration has been 
shown to improve confidence, knowledge, and basic laparoscopic skills, even in 
resource-limited settings during a health crisis [21]. In this context, WebSurg devel-
oped e-learning modules (ELMs) and comprehensive educational programs such as 
Basecamps. WebSurg’s Hernia and Colorectal Basecamps are clear examples of 
standardized and accredited ELMs with lectures, operative videos, and learning 
resources with self-study activities (i.e., multiple-choice questionnaires) for knowl-
edge evaluation for the learners. Hands-on courses in expert centers are also pro-
vided as a key part of any educational program.

 Even though E-learning has represented an optimal solution to facilitate surgical 
learning strategies during the COVID-19 pandemic, there are obvious limitations in 
teaching and assessing the acquisition of technical motor skills.

Complete educational programs that can teach and assess both fundamental 
knowledge and technical skills are highly sought after. The Fundamentals of 
Laparoscopic Surgery (FLS) program is a  case in point. It includes web-based 
didactic training, hands-on skills training, as well as an assessment. FLS proved to 
be so effective that the American Board of Surgery (ABS) considers it to be a pre-
requisite for eligibility [22].

As in the case of FLS, overcoming e-learning limitations can be accomplished 
with a flexible educational program that combines e-learning with mandatory par-
ticipation in a live educational event including hands-on practice, also known as 
blended learning [23, 24].

To enhance surgical performance in the era of modern surgery, there is a strong 
need to investigate modalities that can support technical skills practice in a friendly 
environment. The combination of visual and tactile interfaces allows virtual reality 
(VR) simulators to present learners with situations that mimic reality. However, 
most of the platform’s high cost limits its widespread use. In addition, the commu-
nity of surgeons using VR simulators report recurrent concerns such as the fact that 
their use may be repetitive and boring, that they lack realism, and that they usually 
incur complex movements. Serious games as tools to train either basic laparoscopic 
skills or endoscopic skills to surgical novices are easy and low-cost alternatives to 
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Fig. 3.1 Screen view of the endoscopic serious game rescue in the deep. Objectives are expressed 
as game missions

Fig. 3.2 Overview of the endoscopic serious game rescue in the deep. Students can be trained in 
a friendly sea environment. Five training levels that allow navigation, targeting, and coordination 
are considered

existing simulators. In partnership with the INRIA (Institut national de recherche en 
informatique et en automatique/Institut national de recherche en sciences et tech-
nologies du numérique) and the University of Twente, we developed a “plug and 
play” portable simulator for flexible endoscopy with a serious game interphase. The 
current version consists of 5 levels of game play that allow training on navigation, 
targeting, and coordination. Delivering affordable skills training and education at 
home can support in filling the gap for trainees in low and remote resource areas, as 
well as making training more accessible in developed regions (Figs. 3.1 and 3.2).

In addition to the above mentioned e-learning modalities, telementoring has also 
helped to overcome geographical limitations. Defined as a relationship facilitated 
by telecommunications technologies, an expert (mentor) provides guidance to a less 
experienced learner (mentee) from a remote location during an operative procedure. 
Since 2015, the Society of American Gastrointestinal and Endoscopic Surgeons 
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(SAGES) has implemented Surgical Teleproctoring Project Six (P6) to summarize 
existing evidence, identify conceptual educational frameworks that may be used 
during Surgical Teleproctoring Project Six, and present a structured framework for 
an educational curriculum in the project [25]. Although several models were refer-
enced, targeting guided and structured teleproctoring educational programs such as 
the ADDIE model (Analysis, Design, Development, Implementation, Evaluation), 
GROW model (Goals, Reality, Options, Wrap-up), and SSTAR model (Structured 
Training Trainer Assessment Report), there was a lack of high-level evidence 
regarding outcomes for each educational model, making it difficult to standardize 
teleproctoring systems. Undoubtedly, in the era of high-performance wireless com-
munications, there are promising advantages that could facilitate  teleproctoring 
such as 5G and Wi-Fi 6. Developments in real-time haptic feedback and Tactile 
Internet are increasing [26], and these improvements could potentially be adapted to 
teleproctoring in the near future, providing an immersive environment for both 
mentor and mentee.

Telepresence considered as the projection of oneself from a remote location to 
create a human–machine–human interface was the beginning of telerobotics. Since 
the first telesurgery performed by Jacques Marescaux who transatlantically oper-
ated on a patient in Strasbourg, France from New  York, United States, in 2001, 
many technological advances occurred to support telepresence on a regular 
basis [27].

Telepresence platforms are highly needed to democratize surgical care in under-
served areas in order to increase access to superior healthcare standards.

In this regard, metaverse has opened the gate to new ways of telepresence. In 
1992, the metaverse concept was created by Neal Stephenson in his novel Snow 
Crash. It is a combination of the words “meta” and “universe,” which means tran-
scendence reality [28]. Regarded as the next iteration of the Internet, metaverse is a 
VR space where multiple users can interact with a computer-generated graphically 
rich environment, as well as with other users. Metaverse allows to explore the oper-
ating room (OR) in ways that are impossible in the current physical world using an 
immersive shared tridimensional virtual space. As a result, surgical training using 
metaverse offers numerous benefits, including real-time interaction, access to com-
plex cases, democratization of knowledge, a visually enriched learning experience, 
teleproctoring and supervision, among others. However, the routine use of meta-
verse in the OR and surgical training are still limited, mostly because of the need for 
specialized hardware, software, high-speed connectivity, as well as for  the users’ 
acceptance. Currently, metaverse is still evolving, and future advances in mixed 
reality, 3D visual feedback, and tactile experience will have a critical impact on the 
implementation of such technologies in the OR and related educational environ-
ments [29].

There are alternative platforms that aim to transcend geographical boundaries. 
Proximie Ltd. (London, UK) is a case in point as it allows surgeons to communicate 
visually and verbally intraoperatively anywhere in the world, hence supporting tele-
mentoring [30]. It is a secure, trustworthy augmented reality platform compliant 
with General Data Protection Regulation (GDPR) and Health Insurance Portability 
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and Accountability Act (HIPAA) regulations. Proximie has been created to use both 
high- and low-speed Internet connections and can operate with low-speed Internet 
compatible with most electronic devices. The Proximie virtual telementoring plat-
form was used as a proof of concept during hands-on training for hernia surgery at 
home during the pandemic [31]. It has also proven successful in supporting the 
teleproctoring of digital natives when performing exercises using the da Vinci™ 
(Intuitive Surgical, Sunnyvale, CA, United States) surgical robotic platform [32].

Immersive technologies may not only be beneficial for underserved areas but also 
for prolonged post-course mentorships, as well as for supervising surgical practice 
by supporting e-learning strategies.

 The Quest for Standardization

E-learning has mostly focused on theoretical programs and classroom  flipping. 
Facilitating motor skills proficiency still needs consistent development away from 
the screen. In addition, the current literature shows a  low certainty of evidence, 
particularly when it comes to patient clinical outcomes. Much more robust data is 
necessary to determine the effectiveness of e-learning in this context [22]. There is 
a  significant opportunity to improve e-learning strategies through robust studies 
with clear reporting outcomes and standardized metrics.

Surgical societies are shifting paradigms, promoting e-learning platforms in 
which they can support residents and surgeons through ELMs and CME [14, 33].

The difference between traditional learning and e-learning is defined not only by 
the intellectual content and academic programs but also by the use of technology 
and multimedia systems used towards this goal. Therefore, as stressed by Verona 
et al., the quality assessment of e-learning programs involves more than evaluating 
the quality and educational design of the course content—it also involves an analy-
sis of navigability, a multimedia approach, the degree of interactivity, and other key 
factors such as intervention duration, repetition, feedback, or layout impact in the 
development of an optimal e-learning framework [1].

 The Future of E-Learning

Future perspectives on e-learning include the use of enhanced communications 
technologies such as 5G and Wi-Fi 6 and metaverse. As previously described, meta-
verse is considered to be a network of 3D virtual reality to enhance the connections 
between real and cyber spaces. Metaverse is gaining attention since promising 
results have been shown in the fields of education, gaming, training, rehabilitation, 
etc. Currently, research is underway to enable somatosensory sensation aimed at 
immersive VR experiences [34].
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E-learning is currently playing a fundamental role in surgical curricula, which 
continue to grow at an exponential rate. The shift from the conventional on-site to 
online academic curricula involves competence assessments, particularly of hands-
 on technical skills as they are the linchpin of high-quality surgical performance. 
Long-term data, continuous monitoring, and optimization of educational systems 
are highly needed. Educators should be prepared to continuously implement inno-
vative educational strategies. Undoubtedly, emerging communications technologies 
such as 5G and Wi-Fi 6 and metaverse will improve e-learning, promoting telemen-
toring and teleproctoring via videoconferencing systems. Finally, AI-based tech-
nologies represent a promising application in facilitating high-quality and globalized 
surgical care.

As referred by Parks, an e-learning pioneer, the “e” of e-learning should be excit-
ing, energetic, eager, emotional, extended, and educational. These very principles 
should be pursued when considering the new frontiers of surgical education [18].

At present, up to 5 billion people around the world do not have access to safe, 
affordable, and timely surgical care [35]. How to take up this challenge goes well 
beyond this chapter’s scope. However, we should consider that redefining e- learning 
could well play a critical role by training more physicians and proficiently promote 
high standards in surgical care.
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Chapter 4
Network and Social Media: The Digital 
Surgeon

Gaetano Gallo , Marta Goglia, and Veronica De Simone

 Definition of Digital Surgery

According to a recent Delphi consensus statement digital surgery is defined “as the 
use of technology for the enhancement of preoperative planning, surgical perfor-
mance, therapeutic support, or training, to improve outcomes and reduce harm” [1].

Nowadays, the use of technology in the clinical practice is continuously increas-
ing and providing effective tools in every field of medicine. In particular, for what 
concerns digital technology in surgery the purpose of introducing this discipline is 
basically to improve the quality of interventional healthcare and its value through 
the capture, organization, analysis, and modelling of data.

In the age of social media, information is just a click away and technology plays 
an important role as a powerful tool to share new and updated links to online 
resources, images/pictures, short videos, interactive polls, and tutorials. Therefore, 
medicine and surgery cannot be considered far from technology but must embrace it.

It is estimated that more than 55% of the global population uses the internet [2]. 
In Italy, as in other industrialized countries, the percentage reached 92%, with 
increasing trend over the last years. The average time per person spent using the 
internet and social media in a day is 6 h 4 min and 1 h 51 min, respectively [2, 3]. 
Internet is nowadays an indispensable tool, and it was intuitive that online platforms 
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would have become an essential and useful also in medical sharing of information 
and practice, leading to better patients’ self-management and self-care.

In fact, online health information may improve patient–physician relationship, 
increasing patient knowledge and engagement in the decision-making process with 
a higher probability of a better health outcome and also a higher awareness of the 
difficulties that patients and relatives may encounter facing some of the diseases. In 
addition, a recent study has shown that networks are tools widely used by patients 
before booking a medical visit, with the main purpose of being prepared for the 
medical diagnosis [3] and also to find out if there are other people, in forums for 
example, with whom they can compare and share their clinical condition. This type 
of attitude, particularly studied and detected in those patients with problems related 
to colorectal surgery, shows strong benefits in the support that patients may find on 
social networks. However, these online researches have also demonstrated the 
potential misunderstandings and errors that may arise by patient’s autonomous 
research [3]. Nowadays, what was once done through word of mouth is now stan-
dardized in some blogs on the web where patients can leave comments and votes on 
the service and care received. However, online platforms are essential for medical 
doctors to share experiences, techniques, and also feelings about their job perfor-
mances beyond the education that this technology may preserve. The advantages of 
these social media include immediacy of communication, dynamic digital discus-
sions, high-quality educational content, and instant global reach. According to Gallo 
et al. [4] education in surgery may be strengthened through online training courses, 
e-learning platforms, or simply having the opportunity to take part to the best surgi-
cal meetings without any time or place related difficulty. Especially for residents, 
who generally have hard working hours, need authorization to take time off from 
work, and do not normally have sponsor for financial travel reimbursements, online 
platforms represent an effective solution. Indeed, these have the potentiality to reach 
everyone who is interested in the field and to disseminate new evidence, filling gaps 
of information between countries, and sometimes to identify pitfalls in the guide-
lines currently adopted.

However, the digital age has certainly stimulated the birth and development of 
the figure of the scientist surgeon, a type of health care professional engaged in 
translation research in a wide-range of fields [5, 6]. Although the figure of the sur-
geon involved in the research is now recognized and the constant updating and 
sharing of surgical experience are considered essential, the surgeon who is inter-
ested in research as well as in the clinic is still the most penalized medical figure. 
Indeed, the environment in which a health care professional operates is of funda-
mental importance. The evolving reimbursement landscape has made medical insti-
tutions more motivated to push surgeons to be clinically active rather than producing 
academic content. It is thought that burn-out in surgical field is often due to the 
strenuous work hours, lack of autonomy, and a perception of an unfulfilling career 
[5]. Establishing protected research time might help surgeons to protect their career 
path and to validate the importance of the surgeon-scientist. Kibbe et al. proposed 
an early exposure of the residents to research, in such a way as to immediately 
accustom the younger surgeon to the difficult search for a balance between clinical 
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duties and those of science and to provide the most experienced surgeons not only 
with a practical help, fresh mind, and new ideas but also with a stimulus for teach-
ing, handing over, and becoming a mentor [5]. Keswani and colleagues, in their 
survey among physicians, demonstrated that surgeon-scientists feel the pressure to 
be clinically productive and the burden of excessive administrative responsibilities 
is too heavy to be bear. These factors both adversely affect their ability to be pro-
ductive scientifically. They also identified the impact of basic research on work-life 
balance, especially among younger respondents, further limiting the time and moti-
vation for research. Moreover, the difficulty of obtaining funding is today a major 
impediment in surgical fields which may question the surgeon-scientist motivation 
to pursue basic science [7]. However, the novel COronaVIrus Disease (COVID-19) 
pandemic, despite the enormous impact on health care systems, has certainly 
brought to light many of these problems, highlighting the urgency of finding a 
solution.

 The Role of Social Media

Social media is defined as all “websites and applications that enable users to create 
and share content, to interact with other users or to find people with similar interests 
to one’s own” [8]. They can be considered as the most powerful tools of communi-
cation and learning in the recent era. The term encompasses multiple platforms 
ranging from blogs/micro blogs (e.g. Twitter®) through to wikis, YouTube®, and 
social network sites such as Facebook® [9].

Blogs are the equivalent of online diaries where the author shares contents in 
chronological fashion and can receive comments and replications to posts from the 
users that visit his page [9]. Twitter is considered to be a “microblog” as each post 
is limited to 140 characters (Twitter®, San Francisco, CA). Wikis are similar to blogs 
with the exception that all users are allowed to edit the page. The most famous 
example is Wikipedia® (from “wiki” that means quick in Hawaiian language and 
“paideia” that means education in ancient Greek) with over 5.5 million published 
articles written in more than 300 languages [10]. Social network sites allow users to 
create personal profiles online, where they can share information, music, videos, 
thoughts, and opinions but also papers, and information of any subject going from 
politics to science. Facebook is the most widely used social network site (Facebook®, 
Palo Alto, CA). Moreover, YouTube® represents another famous platform which 
allows users to create and upload videos to the site (YouTube®, LLC, San Bruno, 
CA). People are allowed to comment and share ideas on the video. Therefore, every 
day millions of contents are uploaded to the web and shared for free by anyone 
interested in a particular topic, with the raise of discussion and comments on them. 
Furthermore, the figure of a user particularly able to communicate effectively with 
their audience, the so-called “influencer”, can direct their “followers”, the users 
who routinely visit and “follow” his page, towards an opinion or towards an event, 
a book, or an information channel.
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Currently, with roughly 2.93 billion monthly active users as of the second quarter 
of 2022, Facebook is the most used online social network worldwide. People spend 
on average 33 min on Facebook, followed by TikTok with 32 min and Twitter with 
31 daily minutes. Due to the COVID-19 outbreak in 2020, all major social media 
platforms saw an increase in daily usage, which then either plateaued or decreased 
in 2021.

For what concerns medical education, according to Cheston et al. [11] blogs are 
social media of choice. Different types of information can be shared through these 
social networking sites in the form of texts, videos, pictures, audios, and references 
(contacts). During COVID-19 pandemic the use of social media in teaching and 
learning has exponentially increased especially among the youngest population. 
Indeed, the new generations of surgeons have been exposed to digital technologies 
from a very young age and, for the majority, they use social media on a daily basis 
or even as their primary source of information [12, 13]. Furthermore, both students 
and educators use it for communication, education, sharing and expressing knowl-
edge, and recreation. Therefore, today we should not discuss on the possibility to 
incorporate social media in the medical and therefore surgical education, but on 
how best we can use them.

Undoubtedly, social media and networks promote the speed of access of infor-
mation and an almost instantaneous sharing of opinions on the most different topics. 
They are slowly becoming a mainstay of the medical profession. Therefore, it would 
be useful probably if medical students would be taught how to use it professionally. 
They could potentiate the benefits while simultaneously limiting the drawbacks 
[14]. Indeed, choosing the right platform, the amount, and quality of the informa-
tion shared to ensure optimal benefit, providing ethical guides, and professional 
standards for social media use at institutional levels are the few challenges that need 
to be addressed. Moreover, enabling young medical students to recognize false and 
misleading information and explaining them how to behave to avoid such errors 
and/or to report such pages would be essential for a correct usage of the media.

Jaffar [15] investigated the use of Facebook among students demonstrating that 
the majority of them were belonging to the youngest group aged 16–25 and the 
percentage was diminishing proportionally with the increase of age. The author 
investigated how Facebook was used and he showed that 96% of students were 
looking for pages in which they could find anatomical tables, while the second most 
used item, in 94% of students, was multiple choice questions, followed by explana-
tory comments (88%). Some studies analysed the use of Facebook more as a means 
of communication that allowed them to keep in contact with students with updates 
on day-to-day requirements [16, 17]. Facebook is therefore one practical example 
of a multifunctional tool that would allow educators and students to adapt to their 
own teaching and learning styles. It can therefore be seen as a supplement to con-
ventional teaching.

Regarding twitter, Hennessy [18] reported that this online platform is able to cre-
ate an informal community where students could share their thoughts and concerns, 
which in turn encouraged learning. Students tend to use it for networking opportuni-
ties, mentorship, and learning.
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YouTube represents a graphic platform in which users communicate through vid-
eos [19]. It is generally thought that it might be useful to visualize anatomical struc-
tures but especially for surgery this platform might be particularly useful to visualize 
surgical operations and innovative techniques.

Interestingly, many surgical journals, such as Colorectal Disease [20] or Diseases 
of the Colon and Rectum [21], have developed their own YouTube channel with 
videos that can be consulted by all users for free.

Barry et al. found that 78% of medical students participating in the study used 
YouTube as their primary source of information for anatomy with only 29% of them 
looking at recommended textbooks [22]. However, social media help to bring 
groups of people together and represent a tool of support for students but also a link 
between students and faculty. They might help and lead to a stronger sense of com-
munity, which in turns increases interactivity, productivity, and confidence.

Surely, surgeons have today more opportunities to meet up in online groups, to 
share techniques and results, or ideally to design and participate in projects together. 
We are facing a change in students’ scientific development, in which new technolo-
gies can facilitate engagement in international projects or access to online resources. 
These factors have had a positive impact on training and education. Social net-
works, in the digital age, have certainly helped to create networks of relationships 
between young surgeons and students, extremely relevant for the professional 
growth of surgeons [23, 24].

 Surgical Training and Artificial Intelligence

Surgical sciences, from general surgery to eye microsurgery, require a greater learn-
ing curve than clinical sciences. In fact, a young medical doctor who wishes to 
become a surgeon has not only to possess theoretical knowledge but also practical 
skills, knowledge of surgical instruments, and technical procedures rather than 
empathy and communications competencies [25]. It often happens that opportuni-
ties to practice a surgical procedure are limited and that residents complete their 
training still at the beginning of the learning curve. In addition, the same thing also 
happens frequently to new surgeons who find themselves having to face complex 
surgical cases, more frequently in an emergency setting, and for the first time with 
the entire responsibility of patient’s outcomes. Technologies may offer a valid sup-
port during the residency programme to practice basic surgical procedures and 
acquire confidence and gestures in the operating theatre in order to become confi-
dent with the instruments and the operating times. The surgeon needs modern and 
efficient operating tools, but also sufficient training before being able to reach an 
adequate level of familiarity with the procedure. Indeed, technology is indispens-
able for a progression of the whole medical science, but this is even more true when 
it comes to surgery. In fact, surgery is a practical science where the physician must 
not only be able to make a diagnosis, identify the correct therapeutic indications, 
and manage the clinical aspects of pre- and post-operative course, but must also 
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demonstrate a marked dexterity and practical skills that undoubtedly improve expo-
nentially with experience and exercise. Furthermore, the new generation surgical 
instruments that are used in the operating room have as their main purpose to reduce 
the operating risks for the patient (e.g. the risk of bleeding), to help the surgeon in 
the most complex procedures, and to progressively reduce the operating time in 
order to render the operations more bearable and less impacting on the general con-
dition of the patients, especially the fragile ones. Geronto-surgery is particularly 
linked to the use of technology. Indeed, the intraoperative monitoring and the reduc-
tion of operating times and risks are themes that are certainly supported by the so-
called digital surgery.

It is therefore clear that the practice of laparoscopic and robotic interventions in 
the operating room is an indispensable advancement of surgery, increasingly prac-
tised everywhere, and that it has to be supported by adequate training and exercise 
by physician in specialist training. Development of technical laparoscopic surgical 
skills (LTS) in General Surgery residents is of paramount importance. Notably, to 
develop laparoscopic ability in trainees under safety conditions, multiple tools have 
been implemented, such as video games, virtual reality (VR) training models, box 
simulators (BS), surgical simulation (SS) on synthetic, virtual, biological models, 
and human cadaveric models which have shown to be an effective educational 
method for surgeons. SS in VR offers an additional opportunity to measure skills of 
students and evaluate their progress objectively by evaluating time, number of 
movements, errors committed, among other variables. In this sense, technology 
plays a crucial role in the course of education and training of a surgeon. Unlike 
artificial intelligence (AI) in medicine, which hopes to use autonomously function-
ing algorithms to better analyse patient’s data in an effort to improve patient out-
comes, AI in surgery also involves movement. Unlike the clinical fields, surgery is 
an art that is also dynamic. Unfortunately, the medical community has already been 
shown to be resistant to any automation of medical tasks even simple computations. 
It is safe to say that automation of surgical tasks will have an even more deep degree 
of resistance [26–28].

 Data Analysis, Collection, and Sharing Database

Nowadays, clinical trials and data analysis are at the base of the development of 
evidence-based medicine. No technique or innovation will be really supported and 
modified from the scientific community without a well-designed trial. For this rea-
son, it is clear that data collection and data analysis have become a not negligible 
part of surgeon’s daily life [29].

The economist stated that “the world’s most valuable resource is no longer oil, 
but data” [30] and with the introduction of the modern electronic medical records, 
the amount of medical data has been exponentially expanded. This huge and sudden 
increase of data led to the confirmation of some results on a larger scale and the 
discovery of underestimated practices that greatly modified patient outcomes. The 
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recently very famous “Big Data” can be defined as extremely large datasets that 
may be analysed computationally to reveal patterns, trends, and associations, espe-
cially relating to human behaviours and interactions [30]. This mechanism is at the 
base of the AI application. Indeed, data collection is essential also for the advance-
ment of AI models in which large volumes of videos that capture surgery procedures 
are required. This requires hundreds if not thousands of fully annotated videos for 
each specific type of surgery that can be used and shared within the research com-
munity. To meet this requirement, data collection, preparation, and annotation must 
be part of future medical practice [27]. The purpose of machine learning is to dis-
cover algorithms that give machines the ability to reason and perform cognitive 
functions such as problem solving, object and word recognition, and decision- 
making. Social media may represent a quick and effective vehicle of information, 
reaching different medical doctors who may be interested in participating to multi-
centre trials also regarding AI. These online platforms have the potentiality to dras-
tically reduce timing of communication putting general practitioners, residents, and 
the surgical community from all over the world in direct contact instantaneously. As 
well as society dedicated pages may reach surgeons and share preliminary research 
data or collect opinions, share databases or decisions on the design of some tri-
als [31].

However, AI is not limitless, there are multiple important technical and ethical 
issues that must be well discussed within the scientific community. First of all, the 
issue of “big data” can be taken from mobile phone applications, wearable watches, 
and “omics” data, which not all patients wish to share. Moreover, to achieve large 
enough sample sizes to be interpreted we have to share sensitive data or images, 
particularly between hospitals. AI can be an attractive solution, but it is not always 
the answer where traditional methods may be more suitable [32].

 Telemedicine and COVID-19 Age

Telemedicine (or telehealth) is the distribution of remote clinical services, including 
diagnosis, monitoring, and prescribing therapies by means of health-related ser-
vices using information and communications technology.

COVID-19 pandemia raised the need of promoting this kind of activities which 
permit to reach distant and isolated people [33]. Worldwide, we assisted to a suspen-
sion of the in-person elective clinical activities for a long period. Surgeon had to 
promote the use of telemedicine in order to do not underestimate mild symptom-
atology or to not delay too much screening visits or examinations. This need pro-
moted a further increase in the use of internet and social media, yet well-known 
powerful tools to increase engagement and participation of patients with colorectal 
diseases. Using smartphones or webcam-enabled computers physicians were 
allowed to communicate with patients 24/7, to follow their clinical course and to 
answer their questions making them feel not abandoned even though alone. In this 
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context, also modern machineries in the emergency intensive care unit helped moni-
toring multiple critically ill patients at distance.

International COVID-19 collaborations such as CovidSurg have been widely dis-
seminated through social media [34–37]. They provided some research opportuni-
ties during the pandemic, and it seems that they started a new era in which trials are 
firstly announced and proposed through them.

Videoconference-based platforms, such as Zoom, Google Meet, and Microsoft 
Teams, among others proved to be efficacious tools of teaching and sharing docu-
ments. During this “social distancing-era” these mandatory ways of educating have 
expanded the traditional teaching and learning techniques since they provided the 
flexibility of recording and listening the lecture out of hours [28].

These platforms are easy to access through smartphones and tablets, they allowed 
to maintain the daily and weekly meetings among residents as well as they permit-
ted to continue with the oncological multidisciplinary meeting on a surgery ward, 
giving the opportunity to present in- and out-patient cases and to raise the discus-
sion on the best therapeutical strategy. They have been used for departmental meet-
ings and for the reintroduction of journal clubs and exams. However, the impact of 
COVID-19 in healthcare systems globally has been detrimental [38].

The national health systems had to fight against the pandemic with low resources, 
few equipment, and frequently without any guidelines [39, 40]. Therefore, health-
care professionals have joined forces in a regional, national, and international level, 
and this was possible only by the use of internet, social media, and networks. In this 
chaotic scenario, it has been recently introduced a new kind of surgical live training: 
the telementoring. The intraoperative aid of a tutor at distance. In particular, aug-
mented reality telementoring in surgery permits external communication with audio 
and visual input and telestration (graphical overlay on a live image). This can be 
established from a disparate site within the hospital or internationally. This technol-
ogy could be utilized by trainees and trainers. By the mean of an integrated surgical 
command centre or experts in the field, data could be securely stored for developing 
technical skill and team performance metrics [41, 42].

 Limitations of the Digital Surgeon

The first evident limitation of digital surgery are the current national health systems 
that are not yet ready for the spread of digital surgery. Indeed, significant investment 
into infrastructure is required. Nonetheless, the use of social media and network 
could be integrated in the routine of hospitals to collect data, spread information, 
convey patients to screening programmes or to the right specialists when and where 
the general practitioners are not able to intervein. Second, to make social media 
really effective they should be integrated into the normal practice; therefore, they 
should also be regulated by appropriate legal and commercial guidelines. Template 
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data sharing agreements and commercial models designed specifically for digital 
surgery applications should be considered as well as the bureaucracy and cost of 
standardizing the process. The development of a national health research hub in 
surgery should be considered.

The spread of social media should also raise concerns about privacy and profes-
sionalisms. Indeed, it is reported that sometimes students had behaved in an unpro-
fessional manner, sharing inappropriate statuses, uploading of unprofessional 
profile pictures as well as confidential information.

Efforts must be made to educate stakeholders to be aware of the evolving legal 
and regulatory landscapes. Social media platforms are dealing with data privacy law 
and include issues of competition law and intellectual property protection rights, as 
well as commercial considerations such as liabilities, indemnities, and data owner-
ship. The German Chamber of Physicians released recommendations for physicians 
and medical students using social media as well as the American Medical Association 
(AMA) and many other international medical schools established guidelines and 
policies on the professional use of Facebook and social media in general [13]. 
Furthermore, modern operating theatres have the potential to generate extensive and 
heterogenous datasets but the majority of hospitals, at present, lack the technical 
storage, network, and cybersecurity capabilities and funding required for advances 
in technology.

Public acceptability of digital surgery and sharing of information through online 
platforms is of fundamental importance too but the drawbacks of involving patients 
may lay in the “doctor google” phenomenon. This is the reason why it would prob-
ably be useful if the health care system and the hospital produce a system to recog-
nize institutional and reliable pages.

Last but not least, the services provided by telemedicine should have the 
same requisites of professional liability and insurance as standard consulta-
tions. Teleconsultation should be regularly paid, with advice and prescriptions 
incorporated into a formal report sent by e-mail to the patient, along with a 
receipt [43].

 Future Perspectives

Scientific community has to accept that the future surgeon will have to become a 
digital surgeon. This includes a deep understanding of AI and technology as well as 
has to show awareness around the legal, ethical, and data governance issues con-
cerning their use. Surgeons living in the modern era have to embrace technologies 
and especially the modern ways of communication such as social media filling more 
and more the gap in surgeon–patients relationship. As physicians or healthcare pro-
fessionals we should start thinking as a global community working together and 
sharing information and results for the progression of medicine.
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Chapter 5
Online Surveys and Collaborative Groups: 
Big Numbers, Low Evidence?

Maria Picciochi, Nicolas Avellaneda, Ruth Blanco-Colino,  
Francesco Pata, and Gianluca Pellino

 Collaborative Research

 How Did It Start?

Collaborative research is a model where different researchers have a different role 
in the studies delivered and where teamwork is in the centre of the research. This 
model is characterised by a steering committee and a wide network of collaborators, 
who work together to deliver a multicentre study, whether it is observational or 
a trial.

M. Picciochi 
NIHR Global Surgery Unit, University of Birmingham, Birmingham, UK 

General Surgery Department, Hospital Prof. Dr. Fernando Fonseca, Amadora, Portugal 

N. Avellaneda 
General and Colorectal Surgery Department, CEMIC University Hospital,  
Buenos Aires, Argentina 

R. Blanco-Colino 
Department of Surgery, University Hospital Vall d’Hebron, Autonomous University of 
Barcelona, Barcelona, Spain 

General Surgery Department, Vall d’Hebron University Hospital, Barcelona, Spain 

F. Pata 
Department of Pharmacy, Health and Nutritional Sciences, University of Calabria,  
Rende, Italy 

G. Pellino (*) 
Department of Advanced Medical and Surgical Sciences, Università degli Studi della 
Campania “Luigi Vanvitelli”, Naples, Italy 

Colorectal Surgery, Vall d’Hebron University Hospital, Barcelona, Spain

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-47623-5_5&domain=pdf
https://doi.org/10.1007/978-3-031-47623-5_5


48

This model was formally described and adopted by the surgical community in 
2007 with the foundation of the first surgical research collaborative, the West 
Midlands Research Collaborative (WMRC). The idea emerged from trainees 
who were research enthusiasts and realised that the single centre studies that they 
have conducted so far would have low impact in clinical practice [1]. Considering 
that research was part of their curriculum, and that they were rotating through sev-
eral hospitals, working in collaboration would be an advantage to run multicentre 
studies, with trainees as the ideal figure to deliver this model. In addition, the experi-
ence acquired would create the basis for long lasting surgical networks with benefits 
for patients and surgical care.

In 2013, the WMRC published the results of the first randomised trial ROSSINI 
(Reduction Of Surgical Site Infection using a Novel Intervention). The study 
recruited 760 patients from 21 centres to demonstrate the impact of a wound-edge 
protection device in lowering surgical site infections (SSI) in comparison with the 
standard practice [2], showing the ability of SRC in delivering high-quality trials, 
with good coordination among centres and minimal loss to follow-up.

In surgery, there is relative paucity of high-quality trials and structured research 
programs, so that any effort in this direction may add stronger evidence to help the 
clinical decision-making and to add baseline data to inform research questions and 
randomised clinical trials.

The model was successfully translated internationally and taken on by medical 
students, with the foundation of student- and trainee-led collaboratives such as 
STARSurg (2013) in the UK and EuroSurg in Europe (now involving also over-
seas countries, such as New Zealand and Australia) founded during the Annual 
Meeting of the European Society of Coloproctology (ESCP) in Dublin in 2015 [3, 4].

To date, there are more than 249 collaboratives developing surgical clinical 
research worldwide [5].

 What Has Happened Since WMRC?

After the foundation of WMRC in 2007, some years passed by without new initia-
tives following this milestone.

In 2013, GlobalSurg, a surgical research collaborative, was founded in the UK 
with the aim of collecting data on surgery variation globally. Traditionally, surgery 
was the “neglected stepchild of global health”: although it accounted for 30% of 
global burden disease and the number of 30-day postoperative deaths per year was 
superior to the deaths for malaria, tuberculosis, and AIDS combined [6]. However, 
robust data from low- and middle-income countries (LMICs) was lacking and which 
was a major obstacle in plan improvement and mitigation strategies.

In 2014, GlobalSurg launched its first Global cohort study (GlobalSurg-1) about 
mortality and postoperative outcomes after emergency abdominal surgery [7], fol-
lowed by the GlobalSurg-2 study about Surgical Site Infection rate after gastrointes-
tinal surgery in 2016 [8], and by the GlobalSurg-3 study focused on quality and 
outcomes following surgery for breast, gastric, and colon cancers in 2018 [9]. These 

M. Picciochi et al.



49

Fig. 5.1 Timeline resuming creation of relevant surgical research collaboratives since the founda-
tion of WMRC in 2007

studies recruited more than >40,000 patients from more than 80 countries. They pro-
vided baseline data to inform future studies and supported the creation of new national 
research networks inclusive of researchers who were previous in local isolation [10]. 

In 2015, the Irish Surgical Research Collaborative (ISRC), aiming to involve 
all Irish surgical trainees, was founded with the support of the Royal College of 
Surgeons of Ireland (RCSI), followed by the Italian Surgical Research Group 
(ItSURG) in 2016 [11]. 

The COVID-19 pandemic also represented an unexpected challenge for surgical 
patients considering the absence of any robust data on postoperative outcomes in 
patients with perioperative coronavirus infection. From the core network of 
GlobalSurg, the CovidSurg collaborative was set up in 2020, launching 4 interna-
tional snapshots achieving a massive recruitment (more than 150 thousand patients) 
from every part of the world. They found an answer to many unanswered questions 
related to surgical activity during the pandemic. The first study provided invaluable 
data about postoperative outcomes of operated patients infected with SARS-CoV-2, 
which informed mitigation strategies and guidelines [12]. Figure 5.1 resumes the 
timeline of the foundation of some pivotal surgical research collaboratives.

As it can be seen in Table 5.1, the original purpose set by the WMRC group—to 
increase clinical impact of research by getting access to higher numbers of patients 
in each study—was achieved by most of the groups that came afterwards. Some 
studies also managed to reach more than 25 thousand patients, as the case of 
GlobalSurg or STARSurg studies, extending the boundaries and significance of the 
study’s results.

 How Is It Organised?

Collaborative research groups are formed by a central committee, usually named 
steering committee, and a network of collaborators. The first is responsible for the 
definition, design, and dissemination of the study. The second group is responsible 
for data collection and dissemination of the study. Additionally, to facilitate com-
munication between the central team and collaborators, a national lead and/or a 
local lead for each participating centre may be appointed [13].

The steering committee is usually formed by a group of motivated clinicians and/
or medical students that have an interest in clinical research. There are many col-
laboratives that are trainee-led that were developed to address the challenges of 
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Table 5.1 Information about some surgical research collaboratives around the world

Name of the 
SRC Country

Starting 
year

Number 
of 
projects

Number of 
patients 
recruited Main topic

WMRC UK 2007 > 7 > 30.000 Trainee-led collaborative research 
on different topics related to 
surgery

STARSurg UK/
Ireland

2013 7 > 30.000 Student-led collaborative research 
aimed to generate scientific 
evidence and improve clinical 
practice

GlobalSurg UK 2014 3 > 40.000 Collaborative research aimed to 
improve outcomes of surgery 
across the world

EuroSurg Europe 2015 4 > 10.000 Student-led collaborative research 
directed to develop research 
networks across Europe and 
improve patient care and 
management

ItSURG Italy 2016 4 > 15,000 Trainee-led, surgical intern-led 
collaborative aiming to perform 
national and international studies 
in surgery

SIGMA Germany 2017 2 Student-led collaborative research 
created to perform clinical studies 
in Germany

PTSurg Portugal 2018 1 > 800 Surgical intern-led collaborative 
research creates to promote 
multicentre studies, training in 
research methodology and to 
contribute to advancement of 
scientific knowledge

CovidSurg UK 2019 3 > 140.000 Surgeon and anaesthesia-led 
studies to determine the impact of 
COVID-19 in surgical patients 
and services

TASMAN New 
Zealand/
Australia

2019 1 Results not 
yet 
published

Student-led audit and research 
network that empowers and 
equips students to be engaged in 
high-quality collaborative surgical 
research

LatamCCR Latin 
America

2020 5 > 5.000 Surgeon-led initiative to improve 
outcomes in colorectal surgery by 
generating reliable data which 
will then lead to improvement 
strategies
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delivering high-quality and high impact studies by each individual. Considering that 
research is usually required in the curriculum of any trainee from any specialty, it 
can be particularly challenging for trainees who are not keen on research to lead 
high impact studies by themselves. Participating in collaborative studies allows a 
different commitment from each trainee which addresses the identified problem. 
Additionally, considering that trainees rotate during their programme, it is easier to 
establish a network with peers that might have interest in clinical research too. The 
steering committee is usually advised by an advisory group formed by expert con-
sultants, that have previous experience in collaborative research and in the topic, 
that help in the prioritisation of research questions, with the design of the study, as 
well as with managing some challenges that the collaborative face.

Collaborators are responsible for data collection and site approval according to 
local and national rules. Data collection usually occurs within groups of 3–5 
researchers who work together, highlighting even more the teamwork concept 
behind collaborative research. To facilitate the connection between collaborators 
and the central team, there are leads that vary according to the complexity of the 
network involved in the study, such as national leads, regional leads, and hospital 
leads. In international studies, national leads coordinate local collaborators to get 
local approval, which vary across countries. Data quality is ascertained by hospital 
leads or by data validators. The aim is to evaluate if the registered data is consistent 
with patient records and if all eligible patients were included in the study.

This model is reflected in the corporate authorship of all resulting publications 
[7–9]. The name of the collaborative group is the named author of all papers, while 
the full list of everyone involved and the correspondent role is recognised sepa-
rately. In this section, the writing group and data analysis group is usually recog-
nised as such, besides steering committee, existing leads, advisory group, data 
validators, and collaborators. In the last few years, it has become more frequent to 
also work with patient and public involvement (PPI) groups, who should also be 
recognised in the supplement. Following this authorship strategy, everyone involved 
in the study is a PubMed citable co-author which not only enriches the curriculum, 
but also increases the research experience for each individual. Verification of the 
effort and work by each individual in the authorship has an increased complexity as 
the number of collaborators increases too. The responsibility for this is transferred 
to national leads and hospital leads in international studies and it is impossible for 
the steering committee to identify if there is someone listed who did not have a role 
in the research developed. However, this is expected to be a small number and the 
collaborative model prioritises the recognition of everyone who was involved [14].

This authorship model might not be recognised or accepted by all journals. This 
problem has been decreasing overtime, particularly with the publication of collab-
orative studies in high-level impact journals (i.e., GlobalSurg 2 published in The 
Lancet) [8]. However, it is still relevant to check this detail ahead of the submission 
of a collaborative paper.

Currently, collaborative research is adopted outside the UK, with groups emerging 
from different income countries, such as LatAm Colorectal Surgery Consortium 
(Latin America), ItSURG (Italy), and PTSurg (Portugal). There is already a collab-
orative (GlobalSurg-CovidSurg Collaborative) that was recognised by the Guinness 
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World Record by having the highest number of authors in the GlobalSurg-Covid Surg 
Week study (15,027). As we mentioned before, this network in particular provided the 
best evidence about surgical care during the COVID-19 pandemic, being adopted as a 
reference to international and World Health Organization (WHO) guidelines. It was 
already proven that research collaboratives can deliver more than observational stud-
ies. Successful examples like ROSSINI [2], FALCON [15], and CHEETAH [16], 
showed that high-quality, multicentric, randomised controlled trials can be organised 
and developed too. Additionally, studies focused on global health have a clear benefit 
in adopting this model as a strategy to collect real-world data while ascertaining their 
high quality [17].

Collaborative research also fills a previously identified gap in global health 
research, which is the low involvement of LMICs [10]. The Lancet Commission on 
Global Surgery identified that LMICs are underrepresented in surgical research and 
that their empowerment is crucial for the future. There are specific clinical areas 
which have a particular relevance to these countries that need to be explored to 
improve their health care and patient outcomes. Having in mind that collaborative 
research is not limited to the production of high impact research but also involves 
knowledge and skill sharing, this is the ideal environment for researchers from 
LMICs to be included. Their acquired skills in collaborative studies will empower 
them to lead and deliver high-quality research in the future [13, 17].

 Advantages of Collaborative Research

• Collaborative research allows the production of a large dataset collected by 
clinicians that is reliable considering the associated data validation process. It 
also reflects the real practice by engaging district and rural hospitals, instead of 
limiting the data collection to high-volume centres.

• Data analysis and writing can occur at a fast pace which leads to a short time 
between the beginning of the study and the publication of the results.

• Everyone involved represents a wide network that are keen on the dissemi-
nation of the results which increases the chances of a significant impact in clini-
cal practice.

• The knowledge and skill sharing that occurs throughout the whole process is 
fundamental to enrich each individual research experience and to empower some 
of them to lead future projects. 

 Controversies and Limitations Related to Collaborative Research

 Authorship of Manuscripts: Defying the Traditional Methodology

When submitting a manuscript for publication in peer-reviewed journals, in particu-
lar if it has a high impact factor, historically there has been specific criteria that 
needs to be met to qualify as “author”. Some entities, like the International 
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Committee of Medical Journal Editors (ICMJE) propose such definitions based on 
participation of the researcher in all or most of the steps of the study procedure 
(confection, analysis of results, manuscript draft, etc.) [18].

As the reader can imagine, this criterion is easily applicable when only one or 
few centres are participating, but when it comes to collaborative studies, this clas-
sification of authorship turns into a matter of controversy for many reasons.

Firstly, the collaborative studies are usually multicentric, sometimes reaching 
different countries or even continents, as the case of GlobalSurg [7–9]. Furthermore, 
the number of patients recruited is also higher than most studies. All this carries a 
lot of work behind the scenes and large groups of people working to undertake this 
work. Then, who gets to be an author? As we said before, this is unconventional.

Conversely, we need to consider the role of the participant centres, without which 
there would be no study. These centres do not participate in the idea conception, or 
the protocol design, nor do they write the paper. Yet, they undertake a lot of work 
recruiting patients, in some cases hundreds of them, without perceiving any remu-
neration for this, other than being able to be participants of the effort. Should they 
not be recognised for this work, even though they do not strictly meet the Vancouver 
standards for authorship?

Last (but not least), we have the example of medical students, who in many cases 
(like TASMAN or SIGMA collaboratives) are the soul and creators of the initia-
tives. Yet, since they are students, they need to count on more experienced profes-
sionals for advice, design of the research questions, etc. The old trend relied on 
giving the credit to the more experienced participant, making the work developed by 
less experienced researchers not recognised. However, this tradition might not fit 
the new generation who are exposed to a more significant burden than in the past, 
since now students are not only doing data collection, but actually they are propos-
ing and taking care of all the process from the beginning to the end. Should they not 
be considered important in the process?

The answer to all these questions has been debated for many years now, and a 
partial solution has been proposed, which is the Collaborative Model for partici-
pation proposed by The National Research Collaborative and Association of 
Surgeons in Training Collaborative Consensus Group [14].

In summary, this model proposes a corporate author (which is the name of the 
group working behind the initiative) and then establishes a number of definitions to 
acknowledge the efforts of the different persons involved. We recommend reading 
this manuscript when looking into standardisation of authorship for collaborative 
research.

However, some specific adjustments of the rules in terms of using these publica-
tions for career progression might be needed [13, 19].

 Controversies Behind Multicentre Studies

When there is a high number of centres involved, there is a heterogeneity of prac-
tices that is translated into heterogeneous data and an impact of the results. This is 
relevant in observational studies where a deep understanding of these differences is 
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desirable besides being recognised as a limitation of the study. Additionally, train-
ees rota can be a problem regarding data collection specially during follow-up of 
patients. Each centre should identify the best strategy to manage reliability of data 
collection in case the collaborators involved cannot be there for the whole period of 
data collection. Looking at the involvement of LMICs centre, inclusion of rural 
hospitals is always challenging but having their data is extremely helpful to repre-
sent the reality of the country. All efforts should be made to include these centres 
when LMICs are involved, which emphasise the role of national leads and local leads.

Currently, the biggest challenge that collaborative research is facing is the same 
as any type of research: the implementation of the findings into practice. 
Dissemination of the results, reaching medical societies, and developing PPI work 
is not enough to ensure that it will change clinical practice. Behaviour change and 
adoption of new strategies is hard and challenging for everyone. Monitoring the 
results months after the study can be a strategy to measure the impact in clinical 
practice that might be worth exploring further.

 Is Collaborative Research the Future of Research?

Looking further, there is a high probability that collaborative research will be 
adopted widely. The increase in collaborative research has been significant since its 
beginning and it is expected that it keeps increasing. It will be particularly relevant 
for future global health studies. All the established networks are important to be 
maintained to ascertain connections between different countries to continue devel-
oping international studies in areas of interest for everyone involved. It will make 
future studies smoother and easier to coordinate.

However, to increase collaboratives, the support and recognition from surgical 
societies need to be improved as well as funding opportunities [20]. Collaborative 
research is the best strategy to deliver relevant studies with the correct sample size 
to have the potential to be adopted in clinical practice. This strategy will avoid hav-
ing multiple single centre studies, with small sample size and consequently lower 
translation to clinical practice. In summary, collaborative research is a joint effort to 
deliver high-quality studies with high level of evidence able to promote change in 
clinical practice [17].

One of the challenges that will be faced is translating the findings into practice, 
particularly when change in practice and behaviour change is needed. Implementation 
science has its own barriers and this will be the next logical step that collaborative 
efforts could put their efforts into. Measuring the change in practice and understand-
ing the barriers and solutions associated with it will be essential to actually modify 
clinical practice.
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 Survey-Based Research

 Definition and Type of Surveys

A survey is a research method orientated to collect data from a number of respon-
dents (which need to be defined before designing the questionnaire), and it is used 
to gain knowledge and/or insights about various topics [21].

Artino et al. established a precise definition of Survey as “any tool directed at a 
select group of people that is used to gather opinions”.

Specifically applied to surgical specialties, it is a widely used resource to acquire 
knowledge about different points of view on a particular topic or technique. For 
example, it can be helpful to determine the rates of adherence to minimally invasive 
surgery in a determined region or country, but also to determine quality of life or 
functional results after certain surgical procedures.

We can stratify surveys into different categories, according to how they are deliv-
ered and what is expected of them:

 – Paper surveys: Not very common in surgical research, since it involves time 
from the person in charge of the survey to deliver a questionnaire to each involved 
respondent, as well as from the respondent to fill it in and give it back.

 – Telephone surveys: These involve a person in charge of making questions 
through the phone to each respondent, as well as the previous methodology, they 
are not very popular among surgeons for timing issues.

 – In-person or face-to-face interviews: Even though this methodology is 
commonly used for commercial purposes (i.e., to test a client’s opinion 
regarding a determined product), it is seldomly used in surgical surveys 
because, as well as the previous options, it demands time that surgeons usu-
ally do not have.

 – Panel surveys: This type of survey involves engaging a group of people suppos-
edly representative of a whole population. It is also used commonly for commer-
cial purposes to evaluate the impact of a particular strategy/product among a 
specific population.

 – Online surveys: These are the most commonly used type of surveys within the 
medical community, since it comprises an easy and fast way to approach health- 
care professionals, and they can be completed at any time. These types of ques-
tionnaires can be delivered by email or using an internet platform (see ahead). 
This includes also Social Media polls (i.e., drawing a question on Twitter with 
some possible answers, and see that people think).

Irrespective of how the investigator conducts the research, it represents an excel-
lent tool to gather information, provided it is designed correctly and chosen for the 
adequate reason [22].

Since there has been a considerable raise in the number of surveys delivered in 
the last years (especially during and after COVID-19 pandemic), this chapter will 
address the most important key-points to design an adequate questionnaire.
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 Which Surveys Can Be Used for Surgical Research

Surveys for medical research in general and in surgical research in particular can 
have a substantial number of purposes [23, 24].

Basically, it involves collecting a number of opinions or responses covering par-
ticular aspects of physicians’ everyday practices, and they are useful to get a repre-
sentative measure of that phenomenon in a determined population. Then, for 
example, if you want to know how many surgeons are using robotic technology to 
operate on rectal cancer patients in Spain, you could prepare a basic questionnaire 
and direct it to surgeons practising within the country.

We will enumerate some of the surveys’ possible purposes:

 1. To explore the adherence to a determined new technology/technique within 
a region.

 2. To evaluate trends of how a disease is handled in different hospitals. For 
example, studying the management of rectal cancer in different settings, 
exploring questions about the use of neoadjuvant treatment, the access to 
colorectal specialist, and the availability to high resolution magnetic reso-
nance or MDT.

 3. To investigate different approaches to the same disease. For example, man-
agement of grade IV hemorrhoidal disease (conventional surgery, stappled, 
laser, etc.).

 4. To establish differences in medical education and training, including infor-
mation about working hours of residents in different centres, number of on-call 
days per month, and also identify areas for improvement.

 5. To attract physicians for an ulterior more complex study. For example, run a 
survey on a particular subject, like current management of breast cancer, and 
include a couple of questions at the end to inquire whether the respondent would 
like to be reached for participation in further studies in this area. This can be 
translated by participation in future cohort studies or qualitative studies, where 
purpose sampling would be relevant to explore one topic in-depth.

 6. To act as a registry of procedures and techniques, more basic than a cohort 
study but easier to distribute among collaborators. That is, Livermetsurvey on 
colorectal metastases.

 What Surveys Should Not Be Used for

Surveys are a useful tool for some objectives (like those mentioned before), and 
one could be tempted to use them for everything, since they can be easily launched, 
and using social media platforms, a vast audience could be reached in a very short 
time, getting the feeling that definitive answers can be drawn based on these 
results.
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Yet, we should clarify that high-quality scientific evidence can hardly be 
generated by this approach, and it is considered low quality evidence (type VI–
VII). This is mostly due to the fact that surveys express opinions, but those 
opinions must not necessarily be based on actual facts, because they implicate a 
person’s perspective of a determinate phenomenon which might or might not be 
accurate.

For example, a surgeon can have an opinion that elder patients get worse postop-
erative results in his experience, and when asked about it in a survey context, he will 
express that, to his consideration, age is definitely associated with poor outcomes 
when compared to younger patients. However, this can be biased by personal bad 
experiences with elder patients, and it would require an actual comparative study 
including patients to prove the assumption.

Therefore, this type of questionnaires should not be used for:

 1. Writing guidelines for management of a disease—they can be used as aid, but 
harder evidence is needed for this purpose.

 2. Evaluating the efficacy of a determined treatment.
 3. Making assumptions about specific rates of morbidity of a procedure.
 4. Defining an actual policy of a surgical department regarding a determined 

technique—again, they can be used to assess the opinion of the members of the 
department to the extent of that technique but cannot assess the actual results of 
the procedure and therefore, another type of research should accompany the 
opinions.

 How to Plan and Execute a Survey

 Before Starting the Actual Survey

Brasel et al. [21] state that, for a survey to be correctly designed, the investigator 
must first formulate the question to be answered, and after that, follow a process of

 – Item generation → A vast number of questions directed to the responders 
involving all aspects surrounding the survey’s objective. There are many ways to 
do this, and the investigator might use some help to undertake this particular step 
from reading previous published studies, consulting to experts, using Delphi- 
consensus methodology, etc.

 – Item reduction → Choose from all the aforementioned questions, those that are 
more suitable to represent the objective of the survey. Burns et al. suggest that 
most research questions can be answered with 5 domains and 25 or fewer items 
(which is particularly important to address the fact that surgeons usually have 
limited time to answer any type of survey, therefore underestimating the impor-
tance of reducing items might lead to a high number of incomplete responses).

 – Formatting and composition → State the items in a clear and concise way, in 
order to avoid misinterpretations and therefore, incorrectly answered questions.
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 – Pilot testing → Before extending the survey to a broader audience, the investiga-
tor should test it on a shorter number of people, to identify potential flaws that 
need to be corrected.

This first step for delivering a quality survey should not be avoided, since by 
doing so, the investigator might fall into methodological errors that might then 
invalidate the whole result of this investigation. In other words, no matter how many 
people respond to the survey, if the basic organisation of it was incorrect, that will 
lead to invalid results [25].

Furthermore, this first step must be concisely explained in potential publications, 
to help the reviewers understand how the survey was planned before it was launched, 
and therefore, correctly assess its methodology.

 Define the Population to Be Addressed

During the planning of a survey, a key step to be considered is to define the popula-
tion of interest, and more important, if the planned number of answers will be rep-
resentative of that population [23, 24].

Considering the above, a “denominator” needs to be defined. By denominator, 
we refer to the number of people that will be intended to answer the questions, and 
this will also affect the validity of the survey’s results, since a low response rate 
might carry along implicit bias. An analysis should also be made in advance regard-
ing the reasons why someone could/would not respond to a survey, and all this must 
be addressed in the methods section of a subsequent publication [26].

As an example, if the author wants to assess quality of life of patients after being 
operated for colon cancer in one hospital by delivering prospective surveys to all 
patients in this condition, the denominator will be estimated based on the number of 
patients operated in the same time period, in the previous years. After defining that 
expected number, the investigator should consider how many responses are expected, 
which will be considered the “numerator”.

Particular aspects from each patient might affect the ability/willingness to answer 
a survey, for example, advanced disease, lack of understanding of the language, lack 
of access to the way the survey is delivered (for example, if it is delivered electroni-
cally and patient does not have an email address), or plain and simple unwillingness 
to participate.

Some of these limitations can and must be addressed before launching the sur-
vey. Strategies to overcome them, for example, delivering the survey in more than 
one language, or choosing more than one way of delivering (email, printed, etc.) 
should be identified [27].

Nevertheless, the calculation of both numerator and denominator must be done 
in advance, and clearly informed when discussing the results of the survey, defining 
a “response rate”, which is the result of what the investigator expected to get, and 
what it was obtained. Several numbers have been considered as acceptable to face 
validity when speaking about response rate, and we should consider who we are 
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addressing for this (i.e., health physicians usually have lower response rates) 
[28, 29].

Making a sample calculation can be difficult if the investigator is expecting to 
address a wider population. For example, while trying to assess the adherence to 
laparoscopy in Latin America. However, there are online tools to help the investiga-
tor to make a correct calculation.

All the information about denominator, final numerator, and a possible explana-
tion for differences between them (number of surveys delivered and actual number 
of responses, and information about why some people did not respond) can be pre-
sented in a flowchart. This will be useful to identify possible bias in the results, for 
example, underrepresentation of a determinate population, etc [30].

 How to Improve Response Rates

A systematic review by Meyer et al. [31]. identified over 1746 health care profes-
sionals’ surveys, and overall response rate of 53.3%, with a specific response rate to 
web- based surveys of 45.8%. Even though this might be taken as a baseline refer-
ence, there are strategies to improve these numbers.

Before we refer to potential tools to get higher response rates, we need to identify 
non-responses and divide these results in two categories “Unit non-responses” rep-
resent everyone not answering a survey at all because are not participating, whereas 
“item non-responses” represent the questions that were left unanswered during the 
participation in the survey [32].

 (a) Improving “Unit non-responses”.

• Choosing different ways to deliver the survey will directly impact the number 
of people responding. For example, an investigator should not assume that 
everyone can handle online surveys. Therefore, choose an alternative way to 
deliver the survey, for example, to mail-boxes.

• Ascertain that everyone eligible to answer the survey (part of the population 
of interest) receives the survey. In other words, after defining the targeted 
population, the investigator must make sure that such population has access 
to the survey. For example, while addressing adherence to laparoscopy in a 
particular region, a number of resources can be used to guarantee a higher 
number of people that are reached—social media, local societies, local lead-
ers that grant extension of the survey to their colleagues, etc.

• Incentives to respond. A person can receive a survey and not be inclined to 
spend time on it. Therefore, a way to overcome this limitation is to offer 
incentives to answer. Among different things that can be included, two par-
ticular ways of maximising responses are (1) keeping the questionnaire short 
and give the estimated time (“Please answer this 2 minutes survey”) and (2) 
including the respondents in a subsequent publication of results (“While 
answering to this survey, you will be included in the resulting manuscript as 
collaborator”).
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• Personalise the invitation to potential respondents, meaning that, instead of 
delivering a generic invitation to everyone, identify potential different popu-
lations and address them individually. For example, “We would like to 
include you in this opinion survey since your hospital and your country are 
key factors among the region”.

 (b) Improving survey dissemination:

• Distribute survey along a collaborative network, that will increase the 
impact of participants receiving the survey in a focussed field of interest. 
That is, after a more complex study, there may exist a network of collabora-
tors that are focussed on a field of research and could be a good target for a 
survey acting as a supplement for previous research.

 (c) Adapt the questionnaire to the population of interest and facilitate response:

• Use a mobile-friendly platform for your survey, that way responders could 
respond from any place at any moment. There exist many platforms like 
Google Forms, SurveyMonkey, REDCap … that allow to develop surveys in 
a fancy look.

• Make sure it is not too long for responders. If so, consider which queries are 
more relevant to be included. Also, rewrite questions to make them simple 
and clear.

• Avoid long replies, better register answers that can be assessed later in a 
quantitative way (i.e., Yes/No, more than 50%/less than 50%, always/some-
times/never, etc.).

 Online Tools to Plan and Deliver Surveys

A list of online platforms that can be useful while conducting a survey is 
reported below.

 1. SurveyMonkey (https://www.surveymonkey.com/): This online platform will 
help the investigator to perform a survey from the beginning to the end, includ-
ing tools to make a correct sample-size calculation, with adequate questions 
regarding your topic of interest, and finally helping to analyse the results of the 
survey. It has different plans for individuals or groups and also offers some basic 
educational tools on how to improve the way the survey is done.

 2. Forsta (https://www.forsta.com/): This is a very similar platform to 
SurveyMonkey, designed to help the investigator to conduct a high-quality sur-
vey. Yet, it has the additional benefit of counting on a well-developed e-learning 
platform, with short courses designed to increase the knowledge of the audience.

 3. Mopinion (https://mopinion.com/): Even though this is not a particular platform 
designed for scientific surveys (and actually, is more oriented to commercial 

M. Picciochi et al.

https://www.surveymonkey.com/
https://www.forsta.com/
https://mopinion.com/


61

purposes), it has a significant advantage on the way results are presented, with 
in-depth analysis and advanced data visualisation, including text—analytics.

 4. Other platforms:

 (a) HubSpot (www.hubspot.com).
 (b) Feedier (www.feedier.com).
 (c) Google Forms (www.google.com).
 (d) REDCap (https://www.project- redcap.org).
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Chapter 6
When Surgery Meets the Metaverse

Jacopo Martellucci , Francesca Dal Mas , Desirè Pantalone, 
Carlo Bergamini, and Paolo Prosperi

Nowadays, the main field of development of surgery is no longer technical, but tech-
nological. Modern surgery is enhanced by technologies which aim to improve safety, 
effectiveness, training, outcomes. These technologies are increasingly dependent on 
digital interfaces with the aim of empowering human action. Simulation training, 
robotic assisted surgery, patient-specific 3D surgical planning and reconstruction, 
remote assistance, up to 3D printing of individualized models or tissues and augmented 
reality operative scene with holograms are just some of the “extended reality” (XR) (or 
mixed or hybrid reality) possibilities that may influence our surgical activity [1].

The concept of XR starts from virtual reality and evolves to augmented reality 
and augmented virtuality up to the Metaverse.

Actually, XR support is primarily for training or perioperative planning, but its 
impact can be even more decisive, not only in the treatment of individual cases, but 
in particular in the global dissemination of surgical knowledge and in the shared 
decision making.

 Training

Minimally invasive surgery has been accepted worldwide as the gold standard for 
many surgical procedures. However, its spread has made the development of spe-
cific skills even more necessary, which can only be gained through extensive 
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Table 6.1 Comparison of different training approaches

Physical reality Virtual reality Augmented reality

Realistic haptic feedback X X
Realistic instruments X X
Objective performance assessment X X
Interactivity X X
Easily sustainable costs X

training. Even if surgical training has traditionally been achieved by observation 
and apprenticeship in operating theaters, like any other craft activity, concern about 
patient safety, the need for learning not only technical elements but also familiarize 
with surgical tools, spatial 2D/3D relationship and instruments manipulation and 
the need of frequent repetition of single gestures, have made surgical training an 
area requiring innovation [2].

Moreover, developing these skills before entering an operating room, or 
strengthening the operating room activity by combining it with additional simula-
tion, helps to enable a more focused and efficient performance. From the earliest 
homemade box trainer [3] up to the latest virtual/augmented reality simulators 
many systems have been proposed, making the literature about training the richest 
in the field of XR.

Compared to virtual reality, augmented reality has some potential advantages. In fact 
it adds virtual information to a real simulation field, combining them in a single system. 
It allows the trainees to use the same instruments currently used in the OR, providing a 
realistic haptic feedback and an objective performance assessment (Table 6.1).

Several augmented reality simulators have been developed over the recent years, 
rapidly improving and becoming progressively less expensive. However, virtual 
reality simulators are still the most studied, efficient, and cost-effective training 
method, waiting for the validation and effectiveness evaluation of the new aug-
mented reality systems.

Even if the benefits of a virtual surgical training could impact our surgical 
approach (in particular in minimally invasive surgery), this has been usually sug-
gested in low quality studies and the dissemination of this technology among clini-
cally active surgeons still remains low [4].

Finally, simulation systems can also be used as a “warm-up” before surgery. If 
the activity is performed immediately before surgery a significant increase in sub-
jective and objective performance was reported, especially for more complex proce-
dures [5].

 Visualization: From Glasses to Holograms

Another very promising field of application for XR is the support of perioperative 
evaluation, allowing surgeons to visualize patient data, 3D imaging scans, literature 
updates and enabling remote consultation and collaboration between surgeons [6, 7].
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Table 6.2 Commercially available optical see-through head-mounted displays reported in clinical 
study [adapted from [8]]

Google lens Microsoft HoloLens Magic leap
Optics Beam splitter Waveguide Waveguide
Resolution 640 × 480 px 2048 × 1080 px 1280 × 960 px
Field of view 30° diagonal 43 × 29° 40x30°
Focal planes Single fixed Single fixed Two fixed
Computing On board On board External pad
Eye tracking No Yes Yes
Weight 46 g 566 g 345 g
Design Glasses-like Hat-like Glasses-like
Interaction Touchpad Head, eye, voice Controller

For operative application of augmented reality during surgical performance a 
large number of devices and display modalities have been reported. These can be 
divided into three main groups: head-mounted displays, hand-held displays, and 
spatial displays.

Head-mounted displays (glasses-like or hat-like) (some examples in Table 6.2) 
can combine the information provided by augmented reality with the real world in 
two different ways: a video see-through, in which a video display merges virtual 
content with a video of real world, or an optical see-through, in which a transparent 
optical device can project into the field of view additional virtual contents [8]. The 
video see-through display does not allow the operator’s visual field to have direct 
contact with the real world, giving a more immersive experience, while the optical 
see-through display does, allowing a better control of the environment.

Hand-held displays like mobile devices (smartphones or tablets) are now glob-
ally widespread. However, their use in surgery is limited by small screen size and 
requirement for hand-held interaction.

Spatial display systems are the most common in operating rooms, although often 
not implemented with XR functions, and usually include a 2D/3D screen-based 
video monitor. Their main limitations can be considered the static nature of the 
display and the requirement of a remote control of the content displayed. The evolu-
tion of these systems leads to the use of projection devices, which find their greatest 
expression in the creation of holograms.

As modern medicine is moving toward personalized precision treatment, patient- 
specific holographic MRI/CT 3D reconstruction, projected on the anatomical work-
ing area or on head-mounted displays could further enhance individually customized 
surgical plans and improve surgical performance. However, holograms should still 
not be considered for navigation, but only for simulation. Their use has already been 
reported in liver surgery [9], rectal cancer surgery [10], but also neurosurgery, 
orthopedics, maxillofacial, cardiac, and vascular surgery.
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When discussing XR application to these devices, human factors such as percep-
tion, mental mapping, spatial awareness, attention shift, and ergonomics are usually 
considered, beside technical factors such as resolution, occlusion, tracking accu-
racy, delayed transmission, or other technical drawbacks.

On this subject, much is yet to be written. To date, most studies on the topic of 
user interface improvement have been experimental or feasibility tests. So far, there 
is still no evidence of added value for patient care.

 Navigation: Intraoperative Guidance

The idea of a system that allows us to optimize incisions, see through structures, and 
make our gestures increasingly precise has always been on the minds of surgeons. 
However, a major issue is the accuracy and reliability of the XR system, mainly in 
integrating patient data and matching virtual and real views. In particular, the main 
limitation to the use of navigation systems is tissue movement. Respiratory motion, 
patient positioning, CO2 insufflation, surgical tissue manipulation, or other defor-
mation can make any traditional landmark-based registration algorithm useless [11].

Liver surgery is the area where intraoperative navigation systems have been most 
widely applied, aiming to avoid unnecessary liver resection that may subsequently 
impact on liver function and postoperative outcome [12]. By rendering transparent 
or holographic superimposed virtual images of the organ and the lesions, ER appli-
cation can minimize the lack of tactile sensation, usually experienced during video- 
assisted procedures.

Even if ultrasonography or computed tomography imaging is commonly used 
for intraoperative evaluation, the inability to provide real-time continuous imaging 
data does not allow an adequate construction of a three-dimensional mental image 
of the intrahepatic structures.

Display methods used for augmented reality intraoperative navigation include 
a see-through display, a video-based display, and a projection-based display, 
which are used to present the virtual reconstructed images overlaid on the surgical 
field in a 3D visual environment [13]. Main characteristics are summarized in 
Table 6.3.

Even if promising results on shorter operative times, less blood loss and reduced 
radiation required have been reported [14–16], especially for orthopedic surgery, 
suggesting a more precise surgical approach, most of the ER guided navigation 
studies are experimental development approaches rather than clinical studies, still 
leaving open questions about their effective impact in clinical and surgical practice.

However, information that can be integrated within XR systems is not limited to 
radiological images (CT, MRI, ultrasound, etc.), but they can also take advantage of 
tracer-based molecular imaging strategies (fluorescence, radio-markers, etc.), pro-
viding a more comprehensive view of the potential role of XR in the future of preci-
sion surgery [17].
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Table 6.3 Display methods used for augmented reality intraoperative navigation

See-through display Video-based display
Projection-based 
display

Features    •  Semitransparent 
display

   •  Autostereoscopic 3D 
technology

   •  Images shown on a 
screen

   •  External or head- 
mounted video display

   •  Images 
projected on 
the surgical 
field

   •  Optimal for 
superficial 
structures

Advantages    • Larger field of view
   •  No tactile feedback 

limitation

   •  Visual perspective 
shared by the OR team

   •  Easy control of 
resolution and 
brightness

   •  Minimize 
operation 
time

   •  Avoid 
repetitive 
imaging

Disadvantages    •  Discomfort after 
long session

   •  Continuous 
vergence- 
accommodation 
conflict

   •  Resolution of the 
camera

   •  Inverse proportion 
between precision of 
registration and area of 
the surgical field or 
distance from the 
landmarks

   •  Frequent 
tracking and 
calibration 
required

   •  2D projected 
images may 
affect 
perception

 Simulation: From 3D Reconstruction to Printing

The possibility of three-dimensional virtual reconstruction from radiological images 
is now commonplace and integrated into many radiological image processing soft-
ware. The next step is to make this reconstruction available for analysis and study 
by the surgeon, in order to analyze and optimize the surgical strategy, using virtual 
reality or XR systems. Moreover, the same technology could be used to take a fur-
ther step, creating realistic, patient-specific 3D models, which would potentially be 
superior to 2D or 3D images on a computer monitor or projection screen.

Three-dimensional printing may help advance surgical practice in terms of pre-
operative planning, education and training, construction of specific surgical instru-
ments and, in particular, creation of 3d printed personalized implants and 
prostheses [18].

A wide range of 3D printed devices have been developed and studied, mainly 
anatomical models for preoperative planning or intraoperative guiding, especially in 
the field of maxillofacial or orthopedic surgery [19].

General surgery has been quite slow in the adoption of 3D reconstruction mod-
els, even if some applications have been reported in particular in liver surgery [20], 
but also in colorectal [21] or gastroesophageal surgery [22]. This may reflect both 
limited resource availability as well as image related organ specific complexities. In 
fact, visceral organs are more difficult to reconstruct compared to bone or vessels.
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Moreover, the relatively high costs (100–215$ per patient [23]) and the time 
needed to develop and print a 3D model (up to 160 h [24]), besides to errors of 
measurements or materials, make such application still difficult to sustain on a large 
population.

Nevertheless, as 3D printing continues to evolve and develop, most of these limi-
tations may be resolved in the future and new applications of this method will 
undoubtedly emerge.

According to the World Health Organization, only 5–15% of people in lower- 
income countries have access to prostheses, largely due to low availability of mate-
rials and high costs of prostheses. In addition to this, the availability of surgical or 
daily clinical practice materials is also often limited. The easiest accessibility of 3D 
printing techniques can offer the creation of customized objects (basic medical sup-
plies, laboratory equipment, operating room equipment, etc.) and patient-specific 
components, reducing or bypassing the current manufacturing and post-processing 
steps [25, 26].

Moreover, in the field of 3D printing, inkjet techniques have been implemented 
to construct functional body parts and organs with high degree of accuracy and vari-
ous applications of implants have already been approved by the Food and Drug 
Administration, such as the mandible bone, dental prostheses or hip, femoral and 
knee functional parts, taking advantages of one of the most important benefit of this 
technology: no latency between design and final production.

This means that in the future it may be possible to reproduce entire functional 
organs, or possibly hybrid systems where the printed anatomical component 
acquires function through implementation with technological devices.

However, attempts to predict the clinical application of 3D printing are currently 
highly speculative. Literature analysis shows that a wide range of 3D-printed 
devices have been clinically reported, but few papers have rigorously assessed their 
efficacy or effectiveness. Because 3D-printed devices can have different safety and 
efficacy issues than the equivalent devices, further testing and studies may be 
required to confirm the available results.

 Patient

Potential benefits of XR application are not limited to improved precision surgery 
but they extend to various other moments in the patient’s surgical journey.

One of these benefits can be related to anxiety and pain reduction. Various stud-
ies suggest a potential role of immersive virtual reality systems in reducing anxiety 
before medical procedures, anxiety and pain during medical procedures and post- 
surgical pain and use of analgesics [27].

It is well known that the patient’s psychological state of mind can influence the 
dosage of sedatives needed to achieve the target sedation level.

When patients were exposed to sessions of meditative virtual reality applications 
focused on calmness and relaxation, performed once daily for up to 7 days, they 
improved their intensive care unit experience with reduced levels of anxiety and 
depression [28]. The same result was reported for virtual reality interventions for 
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colonoscopy-induced anxiety and pain that revealed a similar effect as conventional 
sedation and a statistically significant reduction in non-sedated patients [29].

Moreover, virtual reality therapy demonstrated potential improvements in both 
the patient-clinical outcomes and patient-reported experiences of those undergoing 
surgical procedures [30, 31].

Another very promising application of the XR is in the physician–patient rela-
tionship and patient information. 3D virtual reality can help surgeons and patients 
in building a better relationship before surgery and immersive 3D-supported 
informed consent improves patients’ comprehension of their condition without 
increasing anxiety [32].

Moreover, another potential application of technology is the use of patient- 
specific 3D printed models to improve education for patients. For example, the use 
of personalized 3D models was reported for stoma care education, allowing the 
patients to practice with their own 3D printed ostomies, cutting the plate and attach-
ing it to the stoma bag [33]. This means fewer skin problems associated with daily 
stoma care, but most importantly an improved awareness and self-reliability.

Patient information, problem sharing, and shared decision making are increas-
ingly relevant topics that will shape the surgery of the future. Being able to access 
increasingly precise and personalized surgery without the patient being able to 
understand its significance, its value and its advantages will risk slowing down the 
spread of the surgery of the future and the technological advances that will make it 
possible.

 Conclusion

Although XR is predicted to revolutionize surgery, several challenges that involve 
surgeons, administrations, and patients still need to be addressed to ensure a wide-
spread adoption. Despite many papers having been published in recent years from a 
variety of surgical disciplines on this topic, heterogeneous methodologies, lack of 
comparison, and few results with clinical impact have not yet allowed us to really 
understand the clinical impact of this technology.

However, future studies will surely demonstrate that we can change the fantasy 
into reality.
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Chapter 7
Towards the Future of Endoscopic 
Ultrasound

Julieta Montanelli, Henriette Sophie Heinrich, and Leonardo Sosa-Valencia

 Introduction

Despite created in the 1980s [1], endoscopic ultrasound (EUS) has not experienced 
weighty advances as the other domains in medicine or technology. While certain 
milestones such as the development of the EUS-fine needle aspiration (EUS-FNA) 
constituted a breakthrough on the impact generated by this technique [2], there have 
been no further major developments regarding aspects such as scope design and 
ergonomics. Similarly, although numerous accessories for therapeutic EUS have 
been created over the last few decades and continue to develop, many of the tools 
and devices used in interventional EUS are old and require the presence of an addi-
tional person interacting with the endoscopist during the key steps of the interven-
tion, leading to possible errors arising from this interaction.

In spite its broad diagnostic and therapeutic possibilities, the adoption of EUS 
worldwide is relatively low [3]. Pancreatic cancer, for example, is one of the 
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diagnostic fields where EUS plays a decisive role, as it is the tool with the highest 
sensitivity to detect small lesions that are potentially curable with surgery [4]. 
However, there is great inter-operator variability on the quality of the examinations 
among the operators who perform it. Although it is well-known that EUS outcomes 
depend to a large extent on an adequate previous dedicated EUS training period, 
learning opportunities remain scarce and with very heterogeneous content [5]. In 
addition, the unavailability of EUS material in some centres, and a relatively smaller 
number of patients for whom this study is indicated when compared to other endo-
scopic approaches may contribute to the lack of the expansion of the technique 
despite its real utility, as well as its unequal performance.

When attempting to explain the low practice rate of EUS among general endos-
copists, not only arises the insufficient formal learning opportunities [6], but also 
the fact that the technique is particularly complex to perform and requires a wide 
range of skills to conduct a quality study [7, 8]. On the one hand, the interpretation 
of EUS images is complex, and this is especially true on the area of pancreato- 
biliary anatomy and pathology [9]. Ideally, trans-abdominal ultrasound and cross- 
sectional images interpretation should be learnt before embarking into EUS training 
[10]. However, having this background knowledge does not equate to an exhaustive 
interpretation of the EUS images obtained, and this task must be fully covered along 
the EUS training period. On the other hand, navigating the scope according to ana-
tomical landmarks as well as the obtaining proper ultrasound images follows a 
slightly different logic when compared to the standard upper and lower endoscopy. 
Also, the manipulation of the insertion tube together with the control knobs and 
valves and the maintenance of a stable position through a therapeutic gest require a 
minimum of strength and depend in part on the size of the operator’s hands. Although 
this applies to the whole sphere of flexible endoscopy, the largest size of the EUS 
scope and the longest duration of these exams may emphasize these drawbacks.

Since its creation more than four decades ago, the EUS scopes have not evolved 
significantly in proportion to other technological developments such as aviation, 
computers, or automotive industry. Although EUS was initially conceived as diag-
nostic tool, today its main interest lies in the possibility of performing minimally 
invasive treatments, and its applications in interventionism are constantly expand-
ing [7]. However, both the design of the equipment and the way in which it is han-
dled have not changed since its creation. Most of the progresses observed along the 
last years are related to improvement in the endoscopic image quality, changes in 
the composing materials that entail more resistance to impacts and heat, simplicity 
of the connecting components, etc.

As for the devices used in therapeutic EUS, although some of them have evolved 
to allow the use by a single operator, most of these accessories still need the pres-
ence of at least two operators. Therefore, a trained nurse/assistant presence and a 
fluid coordination between the operating members will influence the ultimate suc-
cess of the procedure. Taking the aforementioned aspects into account, the develop-
ment of new scopes whose use does not depend on the physical characteristics of the 
operator is imperative. Even the future of flexible endoscopy is likely to be robotic 
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and less dependent on operator skills, autonomous scopes will not be developed for 
at least a decade.

 History of EUS: Rapid Evolution in “Add-Ons”,  
Slow in Design

Three discoveries have shaped EUS as we know it today: the first description of 
ultrasound-guided navigation in bats by an Italian scientist in 1744, the discovery of 
the piezoelectric effect in 1880, and the development of a flexible gastrointestinal 
(GI) endoscope by Hirschovitz in 1956 [11–13].

It was not until the late 1970s that ultrasound was combined with a flexible endo-
scope to investigate the GI tract and mediastinum in animals and later in humans 
[14–17]. By 1982, EUS had been introduced into gastroenterological practice pri-
marily as a diagnostic tool, with advances in image quality and processing continu-
ing until the present day. With the first linear echoendoscope developed in the 1990, 
important innovations in the field of EUS were made and its applications were 
extended from diagnosis and staging to a therapeutic tool [18–20].

With the advent of EUS-FNA, the working channel of the echoendoscope became 
its main port of innovation allowing the passage of biopsy needles, wires, pigtails, 
and lumen-apposing metal stents (LAMS) to be passed through the scope. This 
allowed the performance of EUS-guided tumour biopsies, tissue and fluid acquisi-
tion, chemotherapy application, radiofrequency and chemoablation, drainage of 
walled off necrosis as well as pancreatic and biliary drainage [21]. In recent years 
vascular interventions such as EUS-guided portal vein pressure measurements as 
well as coiling of gastric varices allow for minimally invasive EUS-guided vascular 
diagnostic and therapeutic interventions [2, 18, 22–29]. The timeline of technical 
and interventional novelties in EUS is summarized in Fig. 7.1.

Despite the development of therapeutic “add-ons” has revolutionized the field of 
EUS, its evolution in terms of design, usability, and ergonomics has been limited. 
All flexible endoscopes have crucial components and design in common. In essence, 
this design has not changed for the last 60 years. To visualize the target tissue, a 
fibre-optic bundle transmits light to the tip or side of the endoscope and the image 
is transmitted to a video processor in the endoscopy tower and displayed on a 
screen. In addition to light and video transmission, all endoscopes possess a work-
ing, irrigation, and insufflation channel, with working and suction channel often 
combined. To control the tip of the endoscope, an angulation knob allows the tip to 
be moved up and down, as well as left and right, by means of metal wires running 
through the endoscope. Early in its development, ultrasound processors were large 
and provided low-quality images, though anatomic knowledge was essential to fig-
ure out the structures being imaged. Throughout its evolution, smaller, multifunc-
tional processors with higher images resolution were created. The connection 
section has also evolved to a simpler, smaller device whose functions have improved 
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Fig. 7.1 Timeline of 
technical and 
interventional novelties 
in EUS

in terms of image qualities, enabling the use of filters and magnification [30]. 
Although improvements in material for endoscope casing and wires have increased 
manoeuvrability, flexibility, strength, and hygiene, the overall configuration of GI 
endoscopes has not fundamentally changed since the inception of flexible endos-
copy [31].

While radial endoscopes offer front view, most linear EUS scopes have a side- 
viewing optics in addition to the tip-mounted ultrasound probe. Although linear 
endoscopes with frontal view have been introduced to the market, their acceptance 
has been limited and clinical trials have shown no difference in safety and efficacy 
between linear and side-view EUS endoscopes [32]. Echoendoscopes differ from 

J. Montanelli et al.



79

Table 7.1 Summary of innovations related to the design and mechanical engineering of current 
endoscopes

Component Innovation Action

Endoscope design −
Ergonomics + Eye piece attached to scope - > monitor display of 

endoscopic images
Mechanical 
engineering

++

Flexibility ++ Change to coat material and wire material
Weight + Use of lighter materials
Imaging quality +++ Better viszualization with higher definition imaging

standard diagnostic gastroscopes and colonoscopes in length, tip flexibility, and 
diameter [33]. The design of echoendoscopes with side-view optic and stiffer, lon-
ger tips entails a different spectrum of possible complications such as a hypopha-
ryngeal and duodenal perforations and requires advanced endoscopic skills to reach 
the target area within the GI tract [34, 35].

Endoscope design has focused on improving patient outcomes but not on usabil-
ity. Current flexible endoscopes follow a “one-size-fits-all” design approach that has 
focused almost predominantly on male endoscopists. This becomes evident in terms 
of hand strength and size, which starkly differ between men and women [36]. In a 
survey done to endoscopy trainees, those with a surgical glove size smaller than 6.5″ 
would prefer an endoscope with smaller controls [37]. Table 7.1 summarizes the 
main areas of innovation in endoscopy related to the design and mechanical engi-
neering of today’s endoscopes. It is evident that the main achievements have focused 
on image improvement and flexibility, but not on human-centred design and 
ergonomics.

The development of non-human (endoscopist) centred scopes is also reflected in 
the high number of musculoskeletal injuries in endoscopists. The high prevalence of 
musculoskeletal disorders in medical staff is well known, and endoscopists are far 
from being an exception, having a prevalence ranging from 37% to 89% [38]. This 
not only has serious economic consequences but also affects the professional’s qual-
ity of life. The most common injuries in endoscopists are to the neck, back, shoul-
der, and elbow [39]. The main risk factors identified are the high volume of 
procedures, the long duration of endoscopic procedures, doing repetitive move-
ments, static and awkward postures, most of them being particularly important in 
the field of therapeutic EUS. Both diagnostic and interventional EUS are related to 
high strain on the neck as well the right hand and thumb [40–42]. This is com-
pounded by the need to perform simultaneous actions, such as having to activate 
multiple controls and hold the endoscope body and interventional tools steady at the 
same time. In addition, interventional tools, such as deployment systems for LAMS, 
suffer from the same lack of human-centred design and are conceived for larger and 
stronger hands [43]. Inappropriate patient and monitor positions are also related to 
injuries and pain, so adjusting the height of the bed and screens is essential. The 
picture is even worse in inexperienced hands, notably during the first year of 
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endoscopy fellowship, reason to believe that at least some notions of ergonomics 
should be incorporated into endoscopy fellowship curricula [38]. In addition, 
depending on the brand of scope used, the design of the equipment is somehow 
challenging to get used to. The location of some EUS towers may require the opera-
tor to look to the right to view the endoscopic image and to the left to view the EUS 
one. This is probably particularly detrimental in cases where a fixed position of the 
equipment is required to be maintained for a relatively long time, as what happens 
with many interventional EUS procedures, adding to the list of risk factors that 
make EUS a physically uncomfortable procedure to perform.

Future echoendoscopes should take the aforementioned issues into account. 
However, development of new, more ergonomic scope’s design with better usability 
has not been taken up widely [43]. This could also be because today’s experienced 
endoscopists have been trained on current systems and have gained high proficiency 
in scope handling and hand-eye control, which may cause reluctance to train on a 
new and revised system with which they are unfamiliar. Trainees might be more 
willing to train with the new systems, not only to obtain better diagnostic qualities, 
but also to avoid professional injuries related to EUS and endoscopy in general.

 Ongoing Developments in EUS and Possibilities for the Future

On the way towards a more user-friendly scope whose images can be understood 
more effectively, some complementary tools have already been put in place to 
democratize its practice. The use of colour Doppler initially, followed by the appli-
cation of enhanced EUS imaging methods such as elastography and contrast 
enhanced EUS (CE-EUS) are the classical examples of these complementary 
modalities [44]. In this scenario, artificial intelligence (AI) advance is unstoppable, 
and its application in every field of medicine is expanding exponentially [45, 46].

 Application of AI Systems: Computer-Aided Diagnosis 
for the Assessment of Pancreatic Disorders

AI was first defined in 1956, when John McCarthy described it as “the science and 
engineering of making intelligent machines” [47]. Since then, it has dramatically 
evolved over the last 50 years and nowadays it includes subfields such as machine 
learning (ML), deep learning (DL), and computer vision (CV) [48]. ML is the use 
of specific features to identify patterns that will be further applied to analyse a spe-
cific situation. The computers are considered to learn from patterns and then, apply 
the information when exposed to similar scenarios. Differently that following a 
fixed algorithm, this prediction tool has the advantage of considering the specific 
case’s particularities to individualize the prediction. Later, ML has progressed to 
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what is now commonly referred to as DL, which consists of algorithms disposed in 
a multi-layer neural networks which enable machines to learn and make decisions 
on its own. Among them, convolutional neural networks (CNNs) are particularly 
attractive because they are capable of extracting discriminative features from images 
(at a pixel processing level) while preserving the spatial structure, thus being useful 
for region recognition and classification of medical images [49]. Finally, CV refers 
to the process by which a computer gains information and understanding from a 
series of pictures or videos; when it is used for diagnostic objectives it is known as 
computer-aided diagnosis (CAD) [50].

In the area of flexible endoscopy, AI-based polyp detection and differentiation 
have been widely explored and already available for its use in clinical practice [51, 
52]. Other applications include the classification of Barret’s oesophagus through the 
differentiation of neoplastic or nondysplastic lesions [53], the detection of abnor-
malities during small-bowel capsule endoscopy [54], and the detection of gastric 
cancer in endoscopic images [55].

In pancreato-biliary EUS, AI is gradually being applied in almost every areas, 
such as in training [56], pancreatic cancer screening in population with incremented 
risk [57], differential diagnosis of focal pancreatic masses [49, 58, 59], determina-
tion of the presence/absence of pancreatic cancer [60, 61], therapy monitoring and 
targeted chemotherapy strategies [62], and real-time analysis of the EUS-fine nee-
dle biopsy EUS-FNB specimen [63]. The AI assistance during EUS procedures is 
one of the major points of interest, and related studies have mainly focused on the 
differentiation (classification) of focal pancreatic lesions through ancillary tech-
niques such as elastography [64] or contrast enhanced EUS [65]. One study also 
explored the combination of these imaging techniques by analysing multiparamet-
ric EUS (grey-scale ultrasound images, colour Doppler, contrast-enhancement, and 
elastography) for focal masses classification between ductal adenocarcinoma, 
chronic pseudo tumoral pancreatitis, and neuroendocrine tumours [49]. This was 
achieved using a hybrid prediction method (one CNN model with a long short-term 
memory model) which considered not only the visual features of the analysed 
masses but also their behaviour over the time, with a reported overall accuracy 
of 98.26%.

The combination of DL models seems to be crucial for considering both spatial 
and temporal components of EUS to efficiently detect not only lesions and paren-
chyma but also the specific anatomical pancreatic part scanned in an EUS video [66, 
67]. This is of vital interest for a breakthrough in AI-guided EUS image interpreta-
tion since the recognition of many anatomical structures is almost impossible to be 
achieved from still images and needs to consider successive images (or videos) to 
interpret certain structures. Moreover, in the cases of ill pancreases where the lack 
of precise boundaries and the inhomogeneous parenchyma texture complex the 
task, automatic AI-based detection becomes a tool of growing interest.

Another current talking point is optical biopsies, whose development is in full 
swing. However, they are still many years away from replacing EUS-FNB. The term 
optical biopsy refers to the group of methods that allows to make in situ non- invasive 
tissue assessment through the use of light properties [68]. Some of these enhanced 
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microscopic diagnostic technologies are confocal laser endomicroscopy, endocytos-
copy, and optical coherence tomography [69]. However, the “tissue is the issue” 
remains an important principle in the current clinical practice, not only for patho-
logical diagnosis as a wide concept, but also in personalized medicine, where suf-
ficient tissue for biomarker assessments is mandatory in many diagnostic scenarios 
[70]. In the sphere of tissue acquisition, AI has the potential to mark the area of the 
target that is likely to provide the highest diagnostic yield according to the suspected 
pathology.

Despite the tremendous progress made in recent years, so far there are no studies 
aiming at differentiating normal from diffusely altered parenchyma, nor to detect 
lesions within abnormal pancreatic parenchyma such as pancreatic steatosis or 
chronic pancreatitis, where the inflammatory state often makes early diagnosis of 
lesions difficult, even for experts [71]. Also, to the best of our knowledge, the detec-
tion of early-stage solid lesions for potential curative surgery has not been widely 
addressed, with the exception of one study that considered within the context of 
CE-EUS use [65]. Therefore, there is still a long way to go before an established 
employment of real-time AI-assisted EUS, especially in the most difficult cases.

The AI to analyse tons of information in a short time and in an objective manner 
makes its use of great interest to improve patient outcomes. However, the use of 
CAD does not necessarily imply a possible decline in the interpretative capacity of 
the operators. Differently from detection, the use of an AI-based system for lesions 
differentiation and characterization (classification) would imply a more challenging 
task as it may require confirming or rectifying the prediction given by the model 
[72]. While this may initially be seen as widening the gap between experts and non- 
experts, it reminds us that the final decision is for the physician to judge whether the 
prediction is adequate or not. It is therefore essential that the use of these systems in 
daily practice is accompanied, at least in part for beginners, by an expert who can 
convey the reasoning behind the diagnostic suspicion.

 Navigation Tools Combining EUS with Other Diagnostic 
Modalities: Potential Arising from the Integration of Imaging 
Techniques for a Better Use of Technology

Regardless many groups are nowadays focusing their studies on the development of 
AI-based systems for helping at the detection and differentiation of pancreatic 
lesions, the AI-based scope navigation is not being addressed in as much depth as 
image recognition tools.

Fusion imaging (FI) systems combine electromagnetic (EM) tracking and co- 
registration of an imaging method such as computer tomography (CT), magnetic 
resonance imaging (MRI), or positron emission tomography (PET) [73]. In the case 
of EUS, navigation can be improved by displaying, in real-time, the location of the 
scope tip within a three-dimensional (3D) reconstruction displayed to the operator.
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A CT-based FI system for EUS navigation assistance was developed and tested 
in a phantom by operators with different degrees of expertise, achieving a good 
accuracy and precision even for the inexperienced one [74]. In this case, the naviga-
tion catheter was designed to pass through the working channel, so the system was 
feasible for providing orientation until reaching the target but needed to be retrieved 
for FNA/FNB [74].

Another EM tracking guidance system developed to assist less-experienced EUS 
endoscopists was tested in a phantom and in an animal model preclinical study [75]. 
This computer-assisted guidance consisted of a 3D model made from a previous CT 
scan together with a real-time visualization of the EUS probe for navigation, achiev-
ing an accuracy of 10.4 +/− 4.0 mm. As the navigation system does not go through 
the working channel, it also allows real-time guidance along therapeutic gests. 
Clinical trials testing this system are currently being conducted prior to translation 
into clinical practice [76].

The use of these FI systems has the potential to improve navigation as well as 
the tissue acquisition through the lesions tagging, especially those in challenging 
areas such as the uncinate process. Moreover, the use of these tools during EUS 
training may be beneficial for enhancing landmarks recognition and anatomical 
understanding, as the correlation between EUS images and other images recon-
struction may lead to a deep understanding that might otherwise take years to 
acquire. While it is expected that the use of these systems in clinical practice 
ensures a minimum level of performance and minimizes the error rate regardless 
of the level of the operator, the real consequences are unknown and will not be 
seen for at least a decade. Despite the potential of AI-based systems in real-time 
diagnosis, further clinical trials are needed before translation to daily clini-
cal care.

 Application of AI-Based Systems in Training and Education

EUS is not easy to be taught. In many cases, an adequate or even expertise perfor-
mance of the technique does not guarantee a good ability to transmit knowledge to 
trainees. Many of the gests done while performing EUS become automatic after 
many years of practice, and the mechanism by which certain movements are 
achieved is unconscious and unknown to the operator itself. In many cases, this 
implies that the trainer needs to take the scope and reproduce the desired movement 
to consciously detect what was done and then be able to exactly explain them. When 
this occurs, trainees may need trial and error before they can successfully achieve a 
specific action, such as know the mechanical force needed to introduce a EUS nee-
dle in a given tissue [77] or some movements of the control knobs in combination 
with the insertion tube to achieve a certain image. Moreover, the lack of qualified 
experts for training together with their limited time to cover the trainees demand 
makes it attractive to create an AI-based tool that could lead to a decrease in the 
workload of trainers.
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A DL-based model conceived for helping in EUS training and quality control 
achieved good results on both pancreas segmentation and station recognition, com-
parable with that of experts [56]. As for the pancreas segmentation, this model was 
interestingly designed for detecting whether the pancreas was lost from view during 
the scanning, what is essential to prevent lesions misdiagnosis.

 Robotics in EUS

Although its use has become more focused in the area as an alternative to laparo-
scopic surgery, robotic surgery is gradually increasing annually, thus its use around 
EUS is possibly imminent. Some of the benefits of using these technologies include 
the improvement in the angle of vision, the reduction in hand tremor, and the access 
to narrower areas, thanks to the greater flexibility and the smaller size of the instru-
ments used [77]. Moreover, its use reduces the number of operators required and 
allows them to work remotely in real-time via an internet connection [78]. 
Considering all the previously mentioned EUS particularities, all the benefits of 
robotic surgery are extremely attractive for its use in EUS, especially for interven-
tional purposes. With the expansion of EUS-guided procedures, precise and more 
sophisticated manoeuvres are frequently needed, and robotics offers a unique 
opportunity to help in this regard [79].

However, the potential for the use of robots is not limited to the area of therapeu-
tics and has infinite applications in diagnostics, as it allows to increase objectivity 
and precision. In abdominal ultrasound, that is also a highly operator-dependent 
imaging modality, a telerobotic ultrasound system has demonstrated to be feasible 
for its clinical application [78].

Regarding the application of robots in endoscopy, they have been developed 
mainly in the field of endoscopic submucosal dissection (ESD) and colonoscopy. 
Like other domains, robotic endoscopy platforms are master–slave systems com-
posed by an operator console and a flexible endoscope with variable number of 
multi-articular arms [79]. The Endoluminal Assistant for Surgical Endoscopy, for 
example, master–slave robotic system conceived for ESD [80, 81]. As particulari-
ties that may be of interest for their application in an EUS robot, the presence of 
several working channels and the design that allows a single-operator manipulation 
are highlighted.

In the area of diagnostic EUS, delicate movements are needed to scan most of the 
structures of interest, but the performance of these precise, sensitive manoeuvres is 
sometimes difficult to achieve for beginners. The use of robotic tools can therefore 
have a great impact on the quality of the exams performed by less-experienced 
operators, as well as on general EUS learning. In addition, robotics could be applied 
to select and control the puncture strength needed to biopsy the different tissues, 
which is one of the main challenges for trainees during diagnostic EUS learning and 
also the first step of most therapeutic procedures [77]. Moreover, as the robotic 
platforms are designed to reduce the range of motion carried out by the operator, its 
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use could be directly applied in interventional EUS.  With this tool, most of the 
problems encountered during therapeutic EUS (loss of the guidewire, loss of posi-
tion) could be solved, reducing not only patients’ overall outcomes but also the 
physical overload generally experienced by endosonographers.

The potential opportunities brought by the redesign of endoscopes would include 
not only the reinsurance of some of the basic EUS principles such as the mainte-
nance of a stable position or the achievement of a millimetric precision but also an 
improved navigation, lesser rate of adverse events while alleviating the physical 
load [82]. If combined with availability of patient-related data and AI-based sup-
porting decision tools with, objective patient assessment may be achieved together 
with the reduction of cognitive burden and potential complications. Ultimately, all 
these tools should be used to support evidence-based practice while considering the 
specific case’s factors to improve patient care.

 Development of Endosound: A Tool for Democratizing EUS

Echo-EGD (echographic upper endoscopy) and echo-colonoscopy (echographic 
lower endoscopy) from EndoSound’s represent a quantum advancement in conven-
tional endoscopy and ultrasound technology. By adding a fully functional ultra-
sound diagnostic and therapeutic tip to standard forward viewing video endoscopes, 
EndoSound’s Echo-series completely changes the landscape. It adds ultrasound 
capability to standard forward viewing endoscopes and therefore can be offered at a 
price that promises to encourage worldwide adoption.

The transducer orientation can be adjusted so that it operates from linear to for-
ward viewing and all positions in between, as the clinical situation demands. Its 
disposable design and absence of an elevator eliminate the infection risk of legacy 
endosonographic systems. For these reasons, EndoSound’s Echo-EGD device was 
granted Breakthrough Device designation by the US FDA in 2021. Initial human 
evaluations have demonstrated excellent image quality and functionality. Targets 
are easily acquired, and FNA/FNB’s are reliably performed. Successful drainage of 
collections with lumen-apposing metal stents has been accomplished in a 
swine model.

This new and revolutionary upper endoscopy solution offers the promise of 
“democratizing” internal sonography while performing EGD, making Echo-EGD 
widely available to all the patients with upper digestive symptoms. One could imag-
ine a time when internal sonography will maximize the diagnostic yield of every 
upper endoscopy, providing visualization of luminal features and at the same time, 
adjacent, extra-luminal structures.
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 Conclusions

Over the last decades, procedures traditionally approached by open surgery have 
been evolving towards minimally invasive techniques. In this sense, natural orifice 
approaches are gaining strength by offering lower rates of adverse effects, shorter 
hospitalisations as well as quicker recovery times. In therapeutic endoscopy, the 
availability of tools adapted to the working channel has greatly expanded the treat-
ment possibilities. However, the more complex procedures remain difficult to access 
for most professionals and therefore difficult to apply uniformly in the population. 
In the new era of medicine that we are living through, technological advances pro-
vided by AI and robotics are gradually coupling to a wide range of fields, such as 
risk assessment strategies, personalized diagnostic capabilities, and more precise 
therapeutics. Moreover, potential applications go beyond patient care could be tar-
geted to reduce professional’s welfare and improve overall workflow efficiency.

Despite the boom in interventional EUS, there are still many areas for improve-
ment. Early diagnosis of pancreatic cancer remains a crucial objective to improve 
prognosis. However, the factors that work against a homogeneous and standardized 
practice have not been overcome, and mortality rates for this disease are augment-
ing annually. It is therefore urgent to push for research and investment in improving 
EUS quality and democratizing its practice, and both AI and robotics are key factors 
for this since they are expected to have a profound impact on patient’s outcomes. 
Nevertheless, the study and validation of AI-based strategies in the clinical practice 
are still in their earliest stages, and few tools are available for their commercializa-
tion. Similarly, robotic endoscopic multitasking platforms are emerging technolo-
gies with promising results in other areas of flexible endoscopy such as colonoscopy 
or bronchoscopy, but their implementation in EUS has not been addressed so far. 
Also, cost-effectiveness analysis should be carried out before application to public 
health systems. Finally, the translation of these concepts into education programmes 
may have an impact on the EUS training periods, and it would allow access to 
expert’s knowledge all over the world through telementoring. Hopefully, this will 
not only change the way of performing EUS-guided procedures but also boost the 
expansion of innovative techniques.
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Chapter 8
New Frontiers in Post-Surgical 
Rehabilitation

Helena Biancuzzi, Francesca Dal Mas , Rym Bednarova, Giulia Bongiorno, 
and Luca Miceli

 Introduction

Pain is a subjective and individual experience, and it has different characteristics in 
each person. For this reason, the International Association for the Study of Pain 
(IASP) and the World Health Organization define pain as “an unpleasant sensory 
and emotional experience, whether or not associated with actual or potential tissue 
damage, or described in terms of such damage” [1].

In order to be able to classify pain, it is necessary to carry out assessments using 
pain scales. Through them, different aspects of pain are scored, in order to rank it in 
a position that ranges from mild to unbearable.

Although pain is an extremely subjective perception, there are diseases that 
cause more pain than others. The National Health Service has compiled a list of 
diseases that cause more pain than others from an objective point of view, and in the 
first place puts cancer [2], today considered one of the most important public health 
problems.
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According to data from the European Commission, cancer is the second leading 
cause of mortality in EU countries after cardiovascular disease. This disease is diag-
nosed in 2.6 million people each year and kills 1.2 million people. Given that Europe 
accounts for nearly a quarter of total cancer cases and less than 10% of the world 
population, it is clear that cancer poses a huge threat to our society. The overall 
economic impact of cancer in Europe amounts to € 100 billion per year [3].

The data from the Italian Association of Medical Oncology-Italian Association 
of Cancer Registries (AIOM-AIRTUM) volume “Cancer numbers in Italy 2021” 
presented to the Higher Institute of Health underline that in Italy, in 2021, tumors 
were the cause of death for 100,200 men and 81,100 women [4]. Of all cancer 
patients undergoing treatment, it is estimated that nearly 40% suffer from cancer 
pain [5]. Surgery stands as one of the most effective long-time cures for several 
types of cancers [6], and post-surgical rehabilitation may be challenging and should 
require a tailored approach [7].

Cancer pain occurs in cancer patients and is an intense and disabling pain that 
can arise due to the pressure of the tumor, the ongoing treatment, changes in the 
immune system, post-surgical rehabilitation, etc. Unfortunately, in the final stages 
of cancer, cancer pain appears in almost 80% of patients. It is a highly complex and 
challenging situation to deal with. Each patient responds differently and to different 
treatments, most of which use potent drugs [8, 9]. Treatment for cancer pain must 
be tailored to the patient’s needs, as it depends on the type of cancer suffered, what 
causes it, and the individual’s perception of pain.

However, there are general guidelines for the treatment of cancer pain according 
to its intensity. This is the analgesic scale, set on three steps and designed by the 
World Health Organization (WHO) [10]. Starting from a minor to a greater intensity 
of pain, the following groups of drugs are used:

 – Simple analgesics, given to patients suffering from mild pain (for example, 
paracetamol, non-steroidal anti-inflammatory drugs, such as ibuprofen or 
naproxen);

 – weak opioids, for patients suffering from moderate pain (codeine, tramadol, 
dihydrocodeine);

 – strong opioids, in case the perceived pain is intense (for example, morphine, 
methadone, fentanyl).

 – It is important to be aware that, unfortunately, step 3 drugs are required for more 
than half of patients [5].

Opioids are a class of substances that inhibit the transmission of painful stimuli 
[11]. They are characterized by a strong analgesic effect by acting on brain recep-
tors called opioid receptors. The latter are distributed throughout the central and 
peripheral nervous system. These drugs attach to these receptors and restrain nerve 
stimuli. By slowing down the stimulus, pain transmission does not occur.

However, it must be considered that opioids have numerous side effects. First, 
they are addictive. Other effects that may occur especially at the beginning of ther-
apy are nausea, vomiting, drowsiness, dizziness, mental confusion, and constipation 
[12, 13]. The possible problems also extend beyond the field of mere side effects. 
Abuses and addictions often occur, which in turn can lead to numerous social, 
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health, and legal implications, such as, among others, the increase in health costs for 
the treatment of overdoses, the increase in the number of deaths, and an increase in 
the number of infants with neonatal abstinence syndrome [14].

Suffice it to say that in the USA, from 1999 to 2019, opioid overdose, due to both 
regularly prescribed and illegally purchased drugs, was the cause of death for almost 
500,000 people [15]. The deaths, however, did not follow a homogeneous annual 
trend but gradually increased over time. In fact, opioid overdoses from 1999 to 2018 
quadrupled [14, 16].

However, understanding the developments, consequences, and containment 
strategies of this phenomenon is relevant for all those countries which, today, are 
still in a phase of under-prescription [17].

In light of these premises, it is essential to think and act, in the post-operative 
oncology field, about paths that accompany patients in 360-degree rehabilitation, 
which includes the prescription of painkillers but also incentives for personalized 
rehabilitation activities.

It should be clarified here that the surgical process is not limited to surgery in the 
operating room but includes, for example, in the field of breasts, activities prior to 
the surgery itself. For example, if a particularly demolitive intervention is foreseen, 
therapeutic preparatory exercises are recommended prior to entering the operating 
room to have the muscle tissues as toned as possible. After surgical stress, with vari-
able times depending on the type of operation, the surgical procedure also includes 
the rehabilitation procedure, with the aim of preventing asymmetries, muscle and 
nerve deficits, and above all, the onset of lymphedema, all conditions that can 
reduce the effectiveness of the intervention.

 The National Cancer Institute Case Study

The National Cancer Institute of Aviano, Italy, one of the leading hospitals in Europe 
for breast cancer surgery [18], has recently launched an innovative approach to can-
cer rehabilitation, mainly dedicated to the post-surgical pathway of breast-operated 
patients. The purpose of the course is to combine proper rehabilitation, analgesic 
therapy, and a physical activity program [7, 19]. In breast pathology, in fact, the part 
of physical activity is essential both in restoring the function of the shoulder ipsilat-
eral to the intervention and in reducing the side effects associated with anti- abnormal 
therapy (mostly migratory arthromyalgia) that most patients must take for 5 years 
after surgery. In all this, it must also be considered that almost half of the institute’s 
users come from outside the region [20] and that pain in the operated limb is one of 
the major limitations to the rehabilitation itself [21].

The rehabilitation process includes a post-surgical physiatric visit in the immedi-
ate post-operative period for patients undergoing lymphadenectomy or radical mas-
tectomy, during which the medical doctor, if (s)he recognizes it, sends the patients 
to the dedicated physiotherapist. The physiotherapist can then, at her discretion, 
carry out a kinematic and muscular evaluation of the patient if she deems it useful 
for resetting her own therapeutic path: first, the muscle mass is assessed through an 
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impedance balance, then the strength of the forearm muscles is measured. Through 
a dynamometer called “hand grip,” since sarcopenia, that is, the loss of muscle mass 
and strength connected to the disease or to oncological treatments is itself a negative 
prognostic factor on the patient’s outcome. From these two data, a muscle quality 
index is calculated (dividing strength by muscle mass), to get a global idea of the 
patient’s set-up. A sarcopenia index is then calculated using ultrasound, derived 
from the study of the inclination of the muscle fibers of the vastus lateral muscle of 
the thigh. The sum of this information helps to create a part of the patient’s “person-
alized rehabilitation file,” that is the part that will be used by the graduate in motor 
science, in the gym where the patient will go after discharge, to build a dedicated 
program of physical activity [7, 19].

It should be noted that the World Health Organization (WHO) recommends, even 
for cancer patients, 150 minutes a week of moderate aerobic activity, along with two 
weekly sessions of anaerobic activity [22]. To monitor the aerobic activity, patients 
are advised to download the “Oncology in Motion” APP [20, 21, 23–25], created by 
the institute itself thanks to European funding, which allows the patient and quali-
fied health worker to view daily progress both on the aerobic side (steps taken) and 
anaerobic (cardio points), by connecting to the free “Google fit” APP and detecting 
them from it. The APP also allows you to remotely program goals for patients and 
send notifications to the user. This is first remote use (telerehabilitation) of an 
important coaching phase for patients, especially those who reside far from the 
institution where they have been operated, keeping in continuous contact and stimu-
lating them to achieve the objectives set in accordance with the WHO guidelines, 
also resumed by the Italian Ministry of Health. Since often the ipsilateral shoulder 
pain with the surgery is a limit to physical activity, patients who complain of this 
disorder are referred to the pain therapist who offers them the most appropriate 
treatments, preferring neuromodulation techniques (pulsed radiofrequency, nerve 
blocks peripheral) to the use of opiate drugs, which can have annoying side effects 
(nausea, dizziness, loss of attention, constipation). In case of doubts about the real 
aerobic potential of the patients, it is possible to calculate, using a cycle ergometer 
and metabolimeter, the aerobic threshold of the patients, in order to be able to sug-
gest the optimal heart rate during the aerobic training phase. Arriving at physio-
therapy proper, the construction of the personalized path, where necessary, involves 
an advanced kinematic assessment of the shoulder joint performed by the physio-
therapist responsible for the path: using a non-invasive inertial sensor, the amplitude 
(expressed in degrees) of the movement of the upper limb, the speed of execution of 
the movement, the Jerk index (i.e. the fluidity index of the movement itself). 
Subsequently, non-invasive surface electromyographs are applied to the main mus-
cles involved in the movement of the upper limb, capable of measuring the percent-
age contribution of each muscle to each specific movement: it is not uncommon, in 
fact, that patients are able to obtain angles of almost correct movement but by acti-
vating certain muscles in an abnormal way to the detriment of others, and this in the 
long run leads to an asymmetry of movement and an incorrect rehabilitation pro-
cess. The patients are periodically re-evaluated with the same instruments during 
the periodic checks in the institute, and they always have the possibility of a televisit 
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in case of problems or need for clarification on the current path [26, 27]. Finally, 
there is the possibility of a visit with the institute’s dietician to better plan nutrition 
in this delicate period. This virtuous path has a series of advantages over the tradi-
tional path:

• The patient feels that the physical activity part is an important stage of oncologi-
cal treatment and not an accessory part: to obtain this result, the oncologist or 
surgeon or pain therapist prescribes the physiotherapy evaluation for the study 
on a normal prescription before discharging body composition and, if necessary, 
the measurement of the aerobic threshold together with the kinematic and joint 
muscle assessment. This is not a medicalization of physical activity but health 
supervision (doctor and physiotherapist) with the task of identifying patients 
who may not benefit from this path and motivating those who can instead 
take part;

• The fact that at the periodic oncological checks, the patient will be re-evaluated 
with these methods puts the emphasis on taking care of her body from an athletic 
and not just a health point of view (the patient will not focus only on the hoped- 
for value of the tumor makers but also on one’s own body composition and mus-
cular and cardiovascular performance).

• The “Oncology in Motion” APP becomes a link with the institute at any time 
since if the operator detects that the patient is not performing the suggested activ-
ity, he or she can send her a notification or can call her directly and proactively 
intercept a potential problem;

• Pain therapist and nutritionist are always available, and the patient can request a 
televised e-mail at any time;

• The kinematic assessments remain, always within the “personalized rehabilita-
tion file,” available to the physiotherapist and these are also repeated, if neces-
sary, during periodic checks in the institute.

• In this process, the part of exercises in the gym or at home is not standardized, 
except for the instructions contained in the brochures that the institute, like any 
other cancer hospital, gives to patients. Each patient has their own gym of refer-
ence, probably close to their home, and the instructor may have doubts about 
which exercises to propose to patients who are certainly more fragile than others, 
for which a specific manual has been prepared not for patients but for the instruc-
tors themselves, with suggestions, recommendations, and instructions to better 
build the gymnastic path of the patients themselves. In addition to this, a course 
format is at an advanced stage, both in presence mode and online training, pre-
cisely to make this approach homogeneous throughout the national territory. In 
this course, doctors, physiotherapists, and graduate teachers of motor science 
will give the basic notions to allay some fears of gym instructors and, at the same 
time, suggest some types of exercise that are more effective than others in the 
cancer patient.

• At the same time, a network of gyms, as well as hospitals, will also be created, 
with a link between healthcare and non-healthcare able to offer users the best of 
these two worlds [19].
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 Conclusions

In the opinion of the authors, this path represents a new frontier in the field of onco-
logical surgery, since it includes the kinesiological part of preparation for surgery 
(which can be supported by adequate instrumental biometric measurements if nec-
essary), the post-surgical rehabilitation part properly said however built in a person-
alized way, based on accurate joint kinematic measurements and non-invasive 
surface electromyography, and adequate pain treatment both with classic drugs of 
consolidated use (opiates) and with innovative neuromodulation methods if 
indicated.
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Chapter 9
New Surgical Leaders Built 
on Non- technical Skills: Communication, 
Team Dynamics, and Leadership

Maximilian Scheiterle, Jacopo Martellucci , and Francesca Dal Mas 

 The Discovery of Non-technical Skills in Surgery

Globally an estimated 234 million major surgical operations occur annually. This 
volume of procedures is thought to result in seven million complications and one 
million deaths [1].

More comprehensive analysis of worldwide literature suggests that as many as 
10–15% of patients admitted to hospital experience an adverse event not directly 
related to their underlying condition, around 50% of which are classified as avoid-
able. Concern arises if we consider that approximately half of all adverse events 
occur in the operating room (OR).

There is no doubt that technical skills are important. Much has been written 
about the importance of developing good hand–eye coordination, manual dexterity, 
and focused psychomotor skills in a “craft” specialty like surgery [2]. The focus on 
technical skills development has led to the creation of standard assessments for 
technical skills, such as the objective structured assessment of technical skills 
(OSATS) [3]. We also know that technical skills tend to improve with experience 
and this is evidenced by the volume-outcome relationship in much of surgery, espe-
cially complex operations [4, 5].

However, technical ability may not be enough. Reports from the US stated that 
between 44,000 and 98,000 people die in US hospitals each year from medical 
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errors that could have been prevented [6]. A similar problem was recorded in the 
UK with an estimated cost for the NHS of £2bn a year in additional hospitals stays 
alone and £400 m a year settling clinical negligence claims. The majority were sur-
gical patients [7].

Publications sparked a worldwide interest in patient safety research and interven-
tions. The World Health Organization validated and promulgated a surgical checklist. 
The effectiveness is due not only because it provides specific reminders on the specific 
case but also because it addresses some of the human factors related to the patient safety. 
The systematic adoption and implementation of the procedure showed a significant 
reduction in mortality and morbidity in large studies but adverse events still occurred.

These findings all support the argument that although technical skills are neces-
sary for safe surgery, taken in isolation they are not sufficient to maintain high levels 
of performance over time.

In surgery, there is increasing evidence that such harm is not due to deficient 
technical skills alone, reports show that technical errors during the surgery itself 
constituted just 4.3% of the operative areas of concern identified, with far more 
errors originating from poor decision-making [8]. Further, numerous studies have 
shown that deficiencies in teamwork in the OR are significant contributors to adverse 
events and patient harm reaching surgical patients [9–12].

This suggests that generally in healthcare but especially in surgery adverse events 
strongly relate to behavioral failures.

In the operating room, surgical team members are expected to work together to 
prevent adverse patient outcomes. Effective communication and teamwork are 
essential, and flaws in these processes are associated with a higher risk of error and 
harm [13–15].

An analysis of incident reports of the National Patient Safety Agency had shown 
that about half of the incidents were due to failures in non-technical skills (NTS) 
[16]. A recent analysis of fatal adverse events in Japan came to the same conclusion 
that about half of them were primarily due to failures in NTS [17].

When combined, the evidence is strong that NTS failures seem to be a major 
factor in causing medical errors in surgery, hence developing communication and 
teamwork skills among OR personnel are essential for ensuring patient safety.

This was confirmed by the analysis of adverse events and accidents in modern 
high-risk industries, such as civil aviation, offshore oil exploration, and nuclear 
power generation, showing that accidents happened more often not because of 
technical failure or human error but because of communication errors. Especially 
the aviation industry devoted resources training pilots in what was known as cock-
pit resource management. CRM was developed as a response to new insights into 
the causes of aircraft accidents which followed the introduction of flight data 
recorders (FDRs) and cockpit voice recorders (CVRs) into modern jet aircraft. 
Information gathered from these devices has suggested that many accidents do not 
result from a technical malfunction of the aircraft or its systems, nor from a failure 
of aircraft handling skills or a lack of technical knowledge on the part of the crew; 
it appears instead that they are caused by the inability of crews to respond appro-
priately to the situation in which they find themselves. For example, inadequate 
communications between crew members and other parties could lead to a loss of 
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situational awareness, a breakdown in teamwork in the aircraft, and, ultimately, to 
a wrong decision or series of decisions which result in a serious incident or a fatal 
accident.

 Inside Non-technical Skills

NTS, also known as “soft skills” refer to behavioral, cognitive, and relational skills 
present in every activity and working sector. They include a set of soft skills such as 
the ability to communicate effectively, leadership, teamwork, situational awareness, 
decision-making, and stress management.

NTS were defined by Flin as “the cognitive, social and personal resource skills 
that complement technical skills, and contribute to safe and efficient task perfor-
mance” [18]. Subsequently, NTS have been made explicit and operational for sur-
gery by Yule et  al. in their behavioral marker system containing four categories: 
situation awareness, decision-making, communication and teamwork, and leader-
ship [19] (Table 9.1).

Emotional intelligence (EI), also known as emotional quotient, is the ability to 
successfully identify and manage our emotions and those of the people around us. 
Although a number of definitions have been proposed since Salovey and Mayer first 
described EI both as a trait and as ability. Distinct from general cognitive ability 
(IQ), the concept is now understood as the awareness, control, and expression of 
one’s emotions and the ability to handle interpersonal relationships judiciously and 
empathetically [20]. It is a mechanism to successfully relieve stress, communicate 
effectively, empathize with others, overcome challenges, and defuse conflict and it 
is therefore likely to improve the outcome of our actions [21].

Moreover, EI is the basis for an effective interpretation of one’s role in the team, 
and the basis of leadership principles.

Occupying a central role on the healthcare team, surgeons have the potential to 
improve patient outcomes, reduce medical errors, and improve patient satisfaction 

Table 9.1 Role of non-technical skills in surgical practice (modified from [19])

Dimension Category Element

Cognitive Situation awareness Gathering information
Understanding information
Projecting and anticipating future state

Decision-making Considering options
Selecting and communicating option
Implementing and reviewing decisions

Interpersonal Leadership Setting and maintaining standards
Supporting others
Coping with pressure and stress

Communication and teamwork Exchanging information
Establishing a shared understanding
Coordinating team
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through their leadership of the multidisciplinary team. However surgical teams 
require leaders who understand the needs of patients and can inspire and manage the 
team to deliver those needs.

Historically, surgeons took sole responsibility for the patient and behaved in the 
operating room with absolute authority, using a command-and-control style of lead-
ership. Modern surgical practice has now evolved from single provider-based care 
toward a team-based approach, which requires collaborative leadership skills.

Leadership in surgery entails many other NTS, including professionalism, tech-
nical competence, motivation, innovation, teamwork, communication skills, 
decision- making, business acumen, emotional competence, resilience, and effective 
teaching.

Communication is the foundation of teamwork [22]. Its goal is to allow all the 
members of a team, regardless of their role, to have the same perception of a situa-
tion and its potential risks and continuously and effectively exchange information 
about the different steps of the intervention. Common limitations to communication 
may be internal (differences in culture, experience, motivation, hierarchy, mood) or 
eternal (noise, absence of visual signs, low voices, hearing problems, etc.). For sure, 
improving communication is not an individual task, but a team goal.

Situational awareness is being aware of one’s surroundings and any potential 
hazards, risks, potential incidents, complications, or operational activities. Good 
situational awareness is fundamental to being able to make good decisions. The 
three common stages of situational awareness are: information gathering, under-
standing information, and anticipation. In accordance with the three stages of situ-
ational awareness, each member of the surgical team should know the typical 
sources of information available, be able to interpret the information they have gath-
ered, together with their knowledge and past experience, into a coherent picture to 
understand the situation and then be able to anticipate how an incident will develop 
and change based on their understanding. In particular, they should be able to pre-
dict the impact of their actions on incident development and outcomes.

Among the factors that may adversely affect the situation awareness stress, 
fatigue, poor communication, or distractions should be considered.

Fatigue and stress are two elements that can affect NTS, independently of any 
technical mastery issues. Sleep deprivation, even minimal, can affect cognitive 
capacities similar to moderate alcohol consumption [23], even if the impact of 
fatigue remains underestimated according to one inquiry revealing that 70% of sur-
geons considered that fatigue did not affect the technical gesture. Moreover, sur-
geons were continuously exposed to chronic stress, usually related to anxiety of a 
possible complications or other burnout predisposing factors [24].

Decision-making happens every day in surgical practices, and it looks particu-
larly challenging in some settings like trauma and emergency surgery [25].

In surgical practice, individual decisions are usually reached by a combination of 
intuition and analysis, experience and improvisation, according to the complexity of 
the situation and the expertise of the surgeon. The interesting DECIDE model is the 
acronym of 6 particular activities needed in the decision-making process: (1) 
D  =  define the problem, (2) E  =  establish the criteria, (3) C  =  consider all the 
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alternatives, (4) I = identify the best alternative, (5) D = develop and implement a 
plan of action, and (6) E = evaluate and monitor the solution and feedback when 
necessary [26].

 Training for Non-technical Skills

The main problem about training that the literature still fails to answer is how much 
personal traits and habits can influence possessing specific soft skills, and thus how 
much soft skills can be learned as technical skills are?

Since NTS failures seem to be a major factor in the cause of medical errors and 
given that the rates of medical errors in surgery appear to be not insignificant, one 
would expect NTS training to reduce errors and improve patient outcomes. When 
considering surgical training “hard skills,” such as operative log books and publi-
cations are still often used to assess junior staff for promotion to training positions. 
Despite the recognized role of NTS in surgery, these are usually not considered 
during surgical education programs. The young surgeons are supposed to acquire 
their knowledge of these factors observing the behavior of senior surgeons, with-
out specific training. But the “Halsted-apprenticeship” traditional method of surgi-
cal training with its long hours, steep hierarchies, subjective feedback of 
performance, and ambiguous definitions of competence does not longer seem 
appropriate or possible. Surgeons work in interprofessional teams and are required 
to not only perform procedures, but effectively communicate, lead, and manage 
teams. Modern surgical training should involve competency-based training, multi-
modal educational approaches, such as simulation with appropriate and structured 
feedback. To obtain proficiency in these skills, residents often take years to gain 
the confidence and expertise to master the needed non-technical and techni-
cal skills.

Teaching NTS can be done using either a didactic lecture model, implemented by 
interactive instruction support or by a simulation-based model, finalized by struc-
tured discussions and event analysis. Specific courses were designed both for per-
manent surgical teams, based on task analysis of team roles and teamwork, as for 
individuals not working in permanent teams. In this latter case individual NTS for a 
particular role are formally identified and systematically trained [27].

Evaluation scores have been designed to evaluate a teamwork performance, 
namely the NOTECHS (Non-TECHnocal Skills) or OTAS (Observational Teamwork 
Assessment for Surgery), or on individual performance within a team, referring to 
NOTSS (NOn Technical Skills for Surgeons), OSANTS (Objective Structured 
Assessment of Non-technical Skills), or ANTS (focused on anesthesiologists). 
Their application may help to improve the objectivity of training programs. Overall 
simulation training appears to be a powerful tool that highlights EI flaws while 
ensuring patients come to no harm [21, 28].

Surgical teams with low mortality rates communicate more effectively and fre-
quently, and team training is associated with reduced mortality rates [29, 30].
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The results from a recent systematic review showed that NTS training may have 
a true benefit on mortality reduction but, maybe due to insufficient available data, 
no significant reduction on complication rate could be detected, even if a nominal 
reduction was reported in complication rate after NTS training [31].

 The Surgeon of the Future

A skillful operation is 75% decision-making and 25% dexterity [32]. After almost 
50 years we begin to understand this statement, and after more than 100 years also 
Harvey Cushing might meet the surgeon of his prediction, when he wrote to Dr. 
Henry Christian in 1911: I would like to see the day when somebody would be 
appointed surgeon somewhere who had no hands, for the operative part is the least 
part of the work.

In recent years, especially with the COVID pandemic and the new and unex-
pected health challenges it has proposed, the need for NTS has been dramatically 
evident as never before. Facing this unknown clinical situation, where the value of 
experience was marginal, it was skills such as resilience, teamwork, leadership, 
decision-making (even through trial-and-error modalities), but also ethics, passion, 
and willingness to interface with new organizational models that allowed us to be 
called heroes.

Thus, such skills represent key assets, besides pure technical knowledge, for the 
next surgical leaders [33].

Beside the importance of training for the acquisition of surgical technical skills, 
other factors such as improving communication in the surgical team, developing 
leadership skills, and exercising improvisational skills through simulation and clini-
cal practice seem to be essential for a complete management of adverse or unex-
pected events that can occur during surgery. According to this, the surgical team has 
been compared to a jazz band, since despite evidence-based rules, the best treatment 
of every single patient still needs the valuable intervention of improvisation to be 
effective [34].
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Chapter 10
High Reliability: The Next Frontier 
for Patient Safety in Surgery

Vincent P. Stahel, Lorenzo Cobianchi, Francesca Dal Mas , 
and Philip F. Stahel

 Introduction

The high standard of regulatory compliance-mandated patient safety protocols in 
the USA originates from decades of work by lawyers, legislators, and patient advo-
cacy groups, rather than from a physician-driven approach to owning patient safety 
as a surgical responsibility [1]. Notably, most surgical complications and adverse 
patient outcomes do not originate from intraoperative technical errors but rather 
from deficiencies in non-technical skills, such as communication breakdown [1, 2]. 
The success of high reliability organizations (HROs) is based on high-performing 
teams, standardized communication, and redundant fail-safe backup options which 

V. P. Stahel 
University of Colorado, Boulder, CO, USA 

L. Cobianchi 
Department of Clinical Surgical Diagnostic and Pediatric Sciences, The University of Pavia, 
Pavia, Italy

Collegium Medicum, University of Social Sciences, Łodz, Poland
e-mail: lorenzo.cobianchi@unipv.it 

F. Dal Mas 
Department of Management, Venice School of Management, Ca’ Foscari University of 
Venice, Venice, Italy

Collegium Medicum, University of Social Sciences, Łodz, Poland
e-mail: francesca.dalmas@unive.it

P. F. Stahel (*) 
Department of Surgery, East Carolina University Brody School of Medicine, Greenville, NC, 
USA 

Department of Specialty Medicine, Rocky Vista University, College of Osteopathic Medicine, 
Parker, CO, USA
e-mail: stahelp23@ecu.edu

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-47623-5_10&domain=pdf
https://doi.org/10.1007/978-3-031-47623-5_10
https://orcid.org/0000-0001-6477-4177
mailto:lorenzo.cobianchi@unipv.it
mailto:francesca.dalmas@unive.it
mailto:stahelp23@ecu.edu


110

prevent an error from causing harm [3]. In healthcare, the concept of high reliability 
does not imply that errors will not happen, but high reliability will ensure that errors 
do not lead to patient harm.

 High Reliability in Surgery

Surgeons are under an increasing amount of pressure and expectation to perform at 
the highest level. They must deliver absolute diagnostic accuracy and infallible sur-
gical quality under the conflicting paradigm of patient safety and maximal cost effi-
ciency. In addition, surgeons are expected to have the highest standards of ethical 
values and professionalism, to be respected role models and mentors, dedicated 
teachers, academic researchers, and effective administrators [4]. These expectations 
are analogous to the task of squaring the circle. As the historic paradigm has shifted 
in the past two decades from a “culture of blame and shame” to a “culture of systems 
safety,” we have now reached a tipping point in which the expectations of “the sys-
tem” are at their limit. A physician-driven approach is therefore needed to build and 
sustain a “culture of individual accountability” beyond systems safety [5]. A classic 
example is represented by hand hygiene—a simple core measure with an immense 
impact on patient safety as it relates to preventing hospital-acquired infections [6]. 
A “perfect system” may provide staff training programs and logistic support, includ-
ing door signs and hand sanitizer dispensers in- and outside of patient rooms. 
However, in the absence of individual accountability and physician leadership, the 
expected goal of 100% hand hygiene compliance remains utopic. How is it possible 
that low-wage workers in the meatpacking industry are able to sustain 100% com-
pliance with hand hygiene protocols? Intriguing insights from our own experience 
reveal that hand hygiene compliance rates drop from more than 90% when staff 
members feel observed and monitored, to less than 40% when unobserved. This 
phenomenon likely relates to the “Hawthorne effect” by which a subject’s behavior 
changes as a result of being observed and reflects poorly on the individual account-
ability of “doing the right thing” for our patients at all times. Therefore, senior sur-
geons are obligated to step up and act as role models to their junior colleagues in 
training by teaching non-technical virtues, including unwavering advocacy for 
patient safety, strict professionalism, effective communication, and individual 
accountability [7]. The ultimate benchmark for the success of surgeon mentors is to 
produce trainees who will be better surgeons and stronger patient advocates than 
their predecessors by embracing patient safety as a core surgical responsibility [4].

The historical approach to medical errors and surgical complications has con-
sisted of blaming the surgeon who delivers direct patient care under the “blame 
and shame” paradigm. This antiquated culture of patient safety is based on the 
erroneous assumption that surgical errors may be prevented in the future by 
admonishing, blaming, suing, or firing surgeons. In contrast to “blame and shame” 
accountability entails that surgeons are in charge of their patient’s safety indepen-
dent of the outcome [8]. The modern paradigm of patient safety revolves around 
“systems thinking” and “high reliability” in order to account for the notion that 
humans are prone to committing errors. The hallmark of a “high reliability 
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Table 10.1 Leading causes 
of death in the USA

1 Heart disease (696,000 deaths per year)a

2 Cancer (605,000 deaths per year)a

3 Medical errors (440,000 deaths per year)b

4 COVID-19 (417,000 deaths in 2021)a

aXu J, et al., Mortality in the United States, 2021. NCHS 
Data Brief, No. 456, December 2022. (Retrieved from: 
www.cdc.gov/)
bMakary MA, Daniel M. Medical error - the third leading 
cause of death in the US. BMJ 2016, 353: i2139

organization” (HRO) is not that it is error-free, but that errors do not disable it [3]. 
High reliability science represents the study of organizations in high-risk indus-
tries, such as commercial aviation and nuclear power technology, that maintain 
safety through redundant backup options in case of failure under hazardous condi-
tions [3]. Unfortunately, errors in the surgical care of our patients frequently lead 
to unintentional harm on first occurrence in the absence of a “fail-safe” backup 
option, and our health care industry still shows significant gaps in achieving high 
reliability in a sustainable fashion. This notion is exemplified by shocking statis-
tics which reveal that medical errors represent the third leading cause of death in 
the USA, after cardiovascular disease and cancer (Table 10.1) [9]. When compar-
ing the evidence-based estimate of more than 400,000 preventable annual deaths 
occurring in US hospitals every year to professional aviation, this statistic is anal-
ogous to three Jumbo jets crashing each day, all year long, in perpetuity [10]. In 
this hypothetical scenario, the Federal Aviation Administration (FAA) would 
likely ground all commercial airplanes until the underlying error is recognized and 
irrevocably fixed [11]. In contrast, the medical profession continues to accept 
errors that lead to preventable patient harm as an unfortunate and inevitable “side 
effect” of modern health care [12].

Intriguingly, as it relates to the field of surgery, adverse events and complica-
tions are more frequently related to errors occurring before or after the procedure 
than by technical surgical mistakes [13]. These include: (1) a breakdown in com-
munication; (2) a delay in diagnosis or failure to diagnose; or (3) a delay in treat-
ment or failure to treat [14]. Surgeons are presented with challenges that reach far 
beyond purely technical aspects—the decision of initiating appropriate and timely 
surgical care, weighed against the risk of providing delayed or negligent care by 
choosing observation and/or non-operative treatment (“to cut or not to cut”). Many 
of the current limitations to the creation of a globally recognized and consistently 
practiced culture of patient safety stem from the lack of surgeon-driven leadership. 
Transparent leadership and credible role modeling are the prerequisites to ensure 
the unreserved buy-in by all members of the health care team for the adoption of 
safety practices, including strict adherence to patient safety checklists and core 
measures. From a pragmatic standpoint, surgeons can drive their own “high reli-
ability practice” by implementing fundamental best-practice standards of patient 
safety derived from other HRO industries, including “team dynamics,” improved 
communication and non-technical skills, and the adoption of standardized safety 
checklists [15, 16].
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 The “Team Dynamics” Experience

The context of emergency and trauma surgery is complicated and characterized by 
high pressure, stress, and time restraints. Lack of knowledge about the trauma 
causes, the identity of the patients, and their existing circumstances or conditions 
can negatively affect surgical decision-making, leading to less effective clinical 
choices. Moreover, the situation may not allow the engagement with the patients or 
their families in order to understand their treatment preferences or wishes. While 
shared decision-making and co-production dynamics in a multistakeholder scenario 
stand today among the most relevant pillars of the patient-centric healthcare system, 
such processes may appear particularly challenging or even not be possible at all 
[17–19]. Furthermore, time constraints may not allow consulting the clinical guide-
lines or conferring with specialists for second opinions. In such a scenario, non- 
technical or soft skills look as relevant as technical abilities, as they allow 
multidisciplinary team members to work together smoothly [20]. Ensuring surgical 
patients’ safety and excellent clinical outcomes is a priority in emergency surgery. 
Still, while the surgical community has employed several efforts on the technical 
side, innovating surgical techniques and summarizing valuable clinical guidelines, 
a new approach should emerge. Therefore, as it happens in other industries, team 
performance and outcomes may also be increased by leveraging on more intangible 
aspects, including non-technical skills and team assembly decisions [21].

Starting from this premise, the “team dynamics” initiative carried on by the 
World Society of Emergency Surgery (WSES) stood as a multidisciplinary research 
project to investigate the role of non-technical skills, knowledge translation dynam-
ics, and ethics in emergency and trauma surgery teams [22–25]. An online question-
naire following the CHERRIES checklist for online medical surveys was conducted 
from January to February 2021, gathering more than 400 fully filled questionnaires 
(response rate > 45%) from surgeons in 72 countries [26]. Results underline the 
perceived importance of non-technical skills, especially leadership and teamwork 
[21, 26]. Still, just a few surgeons declare to engage with the patients in shared 
decision-making processes actively [17]. While clinical guidelines and training are 
widely used among the participants, only half of them report using online tools and 
electronic medical records. Regarding ethical matters, some interesting results arise. 
The project investigated the role of surgical consent as a tool to engage and talk to 
the patient about the clinical options, the possible outcomes, and the pros and cons 
of the treatment, the perceived importance of the team leader as an ethical leader, 
and the relevance of ethical training. Interestingly enough, team members who 
declared to belong to a diverse group, meaning which members have different fea-
tures (in terms of gender, age, education, nationality, and cultural values) paid the 
most significant attention to ethical-related matters. A more recent investigation 
enquiring the same community deepened the role of new emerging technologies, 
such as artificial intelligence, in supporting surgeons in making their clinical deci-
sions. Despite the recognized potential of the latest technologies, even in limiting 
medical mistakes and preventing patients harm, surgeons were still skeptical about 
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their use, preferring more traditional decision-making support like training, guide-
lines, and peer consultations [27].

Starting from the “team dynamics initiative,” some takeaways emerge. Two rel-
evant topics, namely the importance of shared decision-making and the adoption of 
advanced technological tools to empower surgical decision-making, should be on 
the agenda of the scientific societies to support the surgical community in ensuring 
the best possible outcomes for their patients [28]. Moreover, diversity in teams may 
boost the sensitivity toward patients’ engagement and shared decision-making. 
Therefore, team assembly decisions may represent a valuable strategy to be pursued 
by those institutions more engaged toward a patient-centric philosophy.

 Surgical Safety Checklists

Most surgeons are intrinsically opposed to the use of checklists, as those appear to 
be imposed and mandated by third-party entities and appear to question the sur-
geons’ clinical and technical expertise for safely managing the surgical care of 
their patients [29]. Safety checklists do not make a surgeon any smarter, better 
trained, or more technically skilled. However, checklists provide a safeguard and 
protection from the human error of forgetting or skipping essential steps in a pro-
cess, particularly when considering the high-stress and high-acuity environment, 
such as the trauma bay or the operating room [30]. Moreover, checklists have been 
named among the technical tools that facilitate knowledge translation processes, 
especially when multidisciplinary or temporary teams are in charge of a patient or 
a situation [31, 32]. In recent times, checklists have been used by medical scien-
tific societies and professional associations to foster new practices. In such a con-
text, we may name the recent checklists for greener (namely, environmentally 
sustainable) operating rooms published by the Royal Colleges of the United 
Kingdom [33].

Atul Gawande, the world-renowned patient safety “guru” and one of the innova-
tive founders of the “Safe Surgery Saves Lives” campaign and WHO surgical safety 
checklist [34] provided a compelling argument for the use of checklists in his best-
selling book “The Checklist Manifesto”:

In a complex environment, experts are up against two main difficulties. The first is the fal-
libility of human memory and attention, especially when it comes to mundane, routine mat-
ters that are easily overlooked under the strain of more pressing events. A further difficulty, 
just as insidious, is that people can lull themselves into skipping steps even when they 
remember them. Checklists seem to provide protection against such failures. [35]

The “Universal Protocol” by the Joint Commission represents the paradigm of a 
standardized, simple, and pragmatic surgical safety checklist. This is designed to 
avoid the “worst case scenario” complications in surgery, including operating on the 
wrong site or on the wrong patient [36]. The Universal Protocol was introduced in 
2004 to United States hospitals participating in the Medicare/Medicaid program 
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(CMS) as a mandatory quality assurance checklist, consisting of the following three 
components:

 1. A pre-procedure verification process.
 2. Preoperative surgical site marking.
 3. A preoperative “time-out” immediately prior to starting the procedure.

About one-third of all wrong-site and wrong-patient procedures have their gen-
esis before patient admission to the hospital [37]. Potential scenarios include inac-
curate clinic note dictations related to a wrong side, the mislabeling of radiographs 
or other diagnostic tests, or a mix-up of patients with similar or identical names. 
The rationale for conducting a pre-procedure verification process is to confirm: (1) 
patient identity, (2) the nature of the planned procedure, and (3) the correct surgical 
site [36]. Each patient is unequivocally identified by an identification bracelet 
which includes the patient’s name, birth date, and a medical record number. The 
pre- verification process further ensures the presence and adequacy of all relevant 
documents, including written informed consent and a current history and physical 
exam. The surgeon’s surgical plan and the team’s understanding of the planned 
procedure must be confirmed to be consistent with the patient’s expectations. A 
checklist is used to review and verify that all documents and pertinent information 
are available, accurate, and completed prior to moving the patient to the operat-
ing room.

Surgical site marking is performed as part of the pre-procedure verification pro-
cess in the preoperative holding area. The following best-practice standards should 
be taken into consideration for a safe and accurate surgical site marking:

• Site marking must be performed by a licensed practitioner who is a member of 
the surgical team and will be present during the surgical “time-out” and during 
the procedure. Under ideal circumstances, site marking should be performed by 
the surgeon.

• The surgical site is marked in the preoperative holding area, before moving the 
patient to the operating room or to an interventional procedure room.

• The patient should be actively involved in confirming the correct surgical site 
marking, whenever possible.

• The site marking must be unambiguous by the use of unequivocally defined ter-
minology, such as “YES,” “GO,” “CORRECT,” or “CORRECT SITE.” Surgical 
site marking with an “X” should be avoided as this may be misunderstood as 
“not this side.” The specific modality of marking must be defined in the respec-
tive facility’s policies and procedures.

• Additional marking of the contralateral side (e.g. “no” or “not this side”) is con-
traindicated, as this creates confusion and increases the risk of wrong-site 
surgery.

• The surgeon’s responsibility of correct site marking should be confirmed by add-
ing the surgeon’s initials. The only exception is a surgeon with the initials “N.O.” 
since this may be confused with a “no” and imply that the marked site should not 
be operated on.
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• Surgical site marking must be applied with indelible ink on skin, using perma-
nent markers. The markers must be resistant to the surgical preparation process 
and remain visible at the time of skin incision. It should be noted that sterile 
markers are not required, since the published literature demonstrates that the use 
of non-sterile markers does not increase the risk of postoperative infections.

• The marking should be applied at or near the incision site. The side, level, and 
location of the procedure must be unequivocally defined by the marking, when-
ever possible (left vs. right; medial vs. lateral; flexor vs. extensor surface, etc.)

• Knowledge of contraindications for surgical site marking, including premature 
infants (risk of permanent tattoo), mucosal surfaces, teeth, and patients refusing 
a surgical site marking for personal reasons.

• Increased awareness in all cases where precise site marking is not possible 
(see below).

• Defined alternative processes should be implemented for any circumstance 
where surgical site marking is not feasible, to include pre- and intraoperative 
radiological diagnostics (e.g. spinal level marking with a needle, intraoperative 
arteriogram or cholangiogram, etc.)

There are specific instances in which surgical site marking may not be feasible 
for technical or anatomic reasons. For example, site marking is impracticable on 
mucosal surfaces and on the teeth. Site marking is furthermore contraindicated in 
premature infants due to the risk of inducing a permanent tattoo on the skin. In addi-
tion, some surgical sites are inaccessible to accurate external marking, including 
internal organs (general surgery), brain and spine (neurosurgery), vessels (interven-
tional vascular procedures), and the pelvis (orthopedic surgery). Rarely, patients 
may refuse surgical site marking for cosmetic or other personal reasons.

An alternative process to site marking must be in place for all these circum-
stances. Radiological diagnostics may need to be consulted pre- and intraopera-
tively to determine the surgical site with accuracy. Unlike symmetric external body 
parts (extremities, eyes, ears), any occult surgical site cannot be easily confirmed 
and marked prior to surgery. Thus, these particular circumstances mandate the intra-
operative localization and confirmation of the correct site (e.g. correct spine level by 
intraoperative fluoroscopy), in conjunction with a careful evaluation of preoperative 
imaging studies, such as CT, MR, angiography, or cholangiography.

The preoperative “time-out” represents the last part of the Universal Protocol and 
is performed immediately before the initiation of the planned procedure in the oper-
ating room. The time-out represents the final recapitulation and reassurance of accu-
rate patient identity, surgical site, and planned procedure. In addition, the following 
items are confirmed during the time-out: correct patient positioning, known aller-
gies, the need for perioperative antibiotics, the availability of relevant documents 
and diagnostic tests, instruments, and implants. The time-out is called by a desig-
nated member of the surgical team, e.g. the circulating nurse or the surgeon. A “two- 
stage” time-out process allows for the patient to be awake and participate in the 
verification process of patient identity, surgical site, and planned procedure (the 
so-called awake time-out) prior to induction of anesthesia. This is followed by a 
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second final time-out after surgical prepping and draping, and immediately before 
skin incision. All members of the surgical team (i.e. surgeon, anesthesiologist, certi-
fied registered nurse anesthetist (CRNA), circulating nurse, operating room techni-
cian, radiology technician, etc.) must be present in the operating room and actively 
participate in the time-out prior to skin incision. During the “time-out” all non- 
essential activities are suspended to an extent that does not compromise patient 
safety. The “time-out” should be repeated intraoperatively for every additional pro-
cedure performed on the same patient.

In essence, the three individual steps of the Universal Protocol checklist are 
intended to ensure correct patient identity, correct procedure, and correct surgical 
site. More importantly, this checklist empowers any member of the team to speak up 
and stop the procedure whenever there is an apparent inconsistency or risk to patient 
safety, independent of the hierarchy and culture in the operating room [38]. Pitfalls 
and limitations which may render the checklist less effective are hidden in each 
component of the protocol. The degradation of surgical safety checklists to a 
“robotic-hackneyed ritual” can be mitigated by the surgeon’s personal ownership 
and leadership with an unwavering and credible commitment to the checklist [39].

 Non-technical Skills

Patient harm resulting from surgical complications is frequently derived from a 
communication breakdown within the care team rather than from a technical com-
plication in the operating room. Published studies on closed claims by the American 
College of Surgeons revealed about 25% of all claims related to patients who sus-
tained surgical harm were attributed to a breakdown in communication [13]. Of 
these, 85% of adverse events related to communication breakdown occurred by ver-
bal communication [13]. While most surgeons perceive themselves as “good com-
municators,” in reality, less than 20% of all physicians have been formally trained 
on how to communicate with patients [2]. Ironically, the main predictor of patients’ 
perceptions of whether quality care was provided has no correlation with objective 
metrics of clinical care, but rather with the patients’ subjective perceptions of the 
quality of communication with their surgeon [40]. Multiple studies have shown that 
effective communication with patients is associated with a decreased incidence of 
claims and lawsuits, better clinical outcomes, improved patient compliance with 
recommended treatment regimens, and decreased unplanned readmission rates [2].

Surgeons are rarely trained in the competency around these “non-technical 
skills,” defined as the cognitive and social skills that characterize high-performing 
individuals and teams [41]. They broadly encompass (1) cognitive factors (situation 
awareness, decision-making), (2) social factors (communication, teamwork, leader-
ship, task management), and (3) limitations of human performance (dealing with 
stress, fatigue, and burnout) [21]. There are several non-technical skills assessment 
tools available for surgeons and surgical teams. These include the “Non-Technical 
Skills for Surgeons” (NOTSS) system and the Oxford “Non-Technical Skills” 
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Fig. 10.1 The “Non-Technical Skills for Surgeons” (NOTSS) framework. See text for details and 
explanations. Adopted with permission through the Creative Commons Attribution 4.0 International 
License (https://creativecommons.org/licenses/by/4.0/), from: Stahel PF, et al., The role of team-
work and non-technical skills for improving emergency surgical outcomes: an international per-
spective. Patient Saf. Surg. 2022, 16:8. [© by the authors]

(NOTECHS) assessment tool [42]. These tools incorporate situational awareness, 
decision-making, communication skills, teamwork, and leadership (Fig. 10.1). The 
NOTSS program teaches structured observation, assessment and improvement in 
operative behavior, and subsequent performance [43]. Many applications in class-
rooms, clinical, coaching, simulation, and virtual learning forums have demon-
strated the ability of surgeons to improve these skills. The specific NOTSS definitions 
provide a breadth of the non-technical skills concept:

• Situational awareness: “Developing and maintaining a dynamic awareness of 
the situation in the operating theater, based on assembling data from the environ-
ment (patient, team, time, displays, equipment); understanding what they mean, 
and thinking ahead about what may happen next.”

• Decision-making: “Skills for diagnosing a situation and reaching a judgment in 
order to choose an appropriate course of action.”

• Team communication: “Skills required for working in a team context to ensure 
that the team has an acceptable shared picture of the situation and can complete 
tasks effectively.”

• Leadership: “Leading the team and providing direction, demonstrating high 
standards of clinical practice and care, and being considerate about the needs of 
individual team members.”

The standardized use of “readbacks” for effective communication represents a 
fundamental pillar of commercial aviation safety [44]. In essence, a formal read-
back by the recipient of verbally communicated information ensures a standardized 
two-way communication. In the health care setting, readbacks represent a proven 
standard of structured language used to provide clarity and accuracy of verbal orders 
and critical test results, as mandated in the National Patient Safety Goals (NPSGs) 
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by the Joint Commission. While the current debate in the field is related to optimiz-
ing the modality of readbacks, this crucial form of communication is still virtually 
non-existent among surgeons. The renowned surgeon Dr. Eddie Hoover character-
ized the problem with the following quote: “Getting surgeons to readback orders 
and instructions will age you 10 years, yet the Navies of the world have demon-
strated for eons that it improves efficiency, promotes safety, and saves lives” [45]. 
This notion provides the basis for a call for formal verbal “readback orders” among 
surgeons and other healthcare professionals in the perioperative setting with the 
goal of avoiding or reducing the high incidence of adverse surgical events related to 
a breakdown in communication [46].

 Conclusion

The consistent assurance of patient safety in surgery remains challenging due to the 
risk stratification related to the surgical acuity and the patients’ individual underly-
ing conditions, in conjunction with the wide variability of surgical care provided 
around the globe. High reliability organizations (HROs) in other high-risk indus-
tries outside of healthcare have provided the proof of concept that consistent safe 
performance is indeed achievable by designing streamlined processes with redun-
dant fail-safe backup options. The key aspect of high reliability in healthcare con-
sists of the imperative that a medical error or surgical complication will not directly 
lead to patient harm. Arguably, the next frontier in surgical patient safety is for 
surgeons to embrace the lessons learned from high reliability organizations as a 
“surgical responsibility.” This includes surgeon leadership and accountability 
toward adhering to standardized safety protocols, including surgical safety check-
lists, in conjunction with mastering non-technical skills, including tools of effective 
communication, with the goal of improving surgical patient outcomes with consis-
tency on a global scale.

References

1. Stahel PF, Stahel VP.  Principles of surgical patient safety. In: Pape HC, Borrelli J, Moore 
EE, Pfeifer R, Stahel PF, editors. Textbook of polytrauma management: a multidisciplinary 
approach. 3rd ed. Springer Nature; 2022. p. 631–40.

2. Stahel PF, Butler N. Effective communication: tips and tricks. In: Stahel PF, Mauffrey C, edi-
tors. Patient safety in surgery. New York, NY: Springer; 2014. p. 115–21.

3. Oster CA, Braaten JS. High reliability organizations: a healthcare handbook for patient safety 
& quality. 2nd ed. Indianapolis, IN: Sigma Theta Tau International; 2020.

4. Stahel PF. Blood, Sweat & Tears: becoming a better surgeon. Shropshire: TFM Publishing; 2016.
5. Di Saverio S, Tugnoli G, Catena F, Birindelli A, Coniglio C, Gordini G. Surgeon account-

ability for patient safety in the acute care surgery paradigm: a critical appraisal and need of 
having a focused knowledge of the patient and a specific subspecialty experience. Patient Saf 
Surg. 2015;9:38.

V. P. Stahel et al.



119

6. Fan CJ, Pawlik TM, Daniels T, et al. Association of safety culture with surgical site infection 
outcomes. J Am Coll Surg. 2016;222(2):122–8.

7. Wachter RM. Understanding patient safety. 2nd ed. New York, NY: McGraw-Hill; 2012.
8. Stahel PF, Mauffrey C. Patient safety in surgery. New York, NY: Springer; 2014.
9. Makary MA, Daniel M.  Medical error—the third leading cause of death in the 

US. BMJ. 2016;353:i2139.
10. James JT. A new, evidence-based estimate of patient harms associated with hospital care. J 

Patient Saf. 2013;9(3):122–8.
11. Stahel PF. NASA’s proven safety culture paradigm. Safe Care. 2015;4:54–7.
12. Stahel PF, Mauffrey C, Butler N. Current challenges and future perspectives for patient safety 

in surgery. Patient Saf Surg. 2014;8:9.
13. Greenberg CC, Regenbogen SE, Studdert DM, et al. Patterns of communication breakdowns 

resulting in injury to surgical patients. J Am Coll Surg. 2007;204(4):533–40.
14. Stahel PF. Surgical patient safety: a case-based approach. New York, NY: McGraw-Hill; 2018.
15. Cruz SS, Mick J. A high reliability Organization's use of the evidence-based practice process 

to eliminate an identified potential for wrong-site surgery. AORN J. 2020;112(5):520–3.
16. Ross J. Aviation tools to improve patient safety. J Perianesth Nurs. 2014;29(6):508–10.
17. Woltz S, Krijnen P, Pieterse AH, Schipper IB. Surgeons' perspective on shared decision mak-

ing in trauma surgery. A national survey. Patient Educ Couns. 2018;101(10):1748–52.
18. Cobianchi L, Dal Mas F, Massaro M, et al. Hand in hand: a multistakeholder approach for co- 

production of surgical care. Am J Surg. 2022;223(1):214–5.
19. Dal Mas F, Biancuzzi H, Massaro M, Miceli L. Adopting a knowledge translation approach in 

healthcare co-production. A case study. Manag Decis. 2020;58:1841–62.
20. Briggs A, Raja AS, Joyce MF, et al. The role of nontechnical skills in simulated trauma resus-

citation. J Surg Educ. 2015;72(4):732–9.
21. Stahel PF, Cobianchi L, Dal Mas F, et  al. The role of teamwork and non-technical skills 

for improving emergency surgical outcomes: an international perspective. Patient Saf Surg. 
2022;16:8.

22. Cobianchi L, Dal Mas F, Massaro M, et  al. Team dynamics in emergency surgery teams: 
results from a first international survey. World J Emerg Surg. 2021;16:47.

23. Cobianchi L, Dal Mas F, Massaro M, Fugazzola P, Catena F, Ansaloni L. Knowledge manage-
ment and dynamics as perceived by emergency surgery teams: a quantitative study. In: Garcia- 
Perez A, Simkin L, editors. Proceedings of the 22nd European Conference on Knowledge 
Management (ECKM 2021). Coventry: Academic Conferences & Publishing International ltd; 
2021. p. 217–24.

24. Dal Mas F, Bagarotto EM, Cobianchi L. Soft skills effects on knowledge translation in health-
care. Evidence from the field. In: Lepeley MT, Beutell N, Abarca N, Majluf N, editors. Soft 
skills for human centered management and global sustainability. New York, NY: Routledge; 
2021. p. 95–109.

25. Cobianchi L, Dal Mas F, Angelos P. One size does not fit all—translating knowledge to bridge 
the gaps to diversity and inclusion of surgical teams. Ann Surg. 2021;273(2):e34–6.

26. Eysenbach G.  Improving the quality of web surveys: the checklist for reporting results of 
internet E-surveys (CHERRIES). J Med Internet Res. 2004;6(3):e34.

27. Cobianchi L, Piccolo D, Dal Mas F, et al. Surgeons' perspectives on artificial intelligence to 
support clinical decision-making in trauma and emergency contexts: results from an interna-
tional survey. World J Emerg Surg. 2023;18(1):1.

28. Cobianchi L, Dal Mas F, Catena F, Ansaloni A. Artificial intelligence and clinical decision- 
making in emergency surgery. A research protocol. In: Sousa MJ, Kumar PS, Dal Mas F, 
Sousa S, editors. Advancements in artificial intelligence in the service sector. London: 
Routledge; 2022.

29. Biffl WL, Gallagher AW, Pieracci FM, Berumen C.  Suboptimal compliance with surgical 
safety checklists in Colorado: a prospective observational study reveals differences between 
surgical specialties. Patient Saf Surg. 2015;9:5.

10 High Reliability: The Next Frontier for Patient Safety in Surgery



120

30. Peceny P, Biffl WL.  Surgical safety checklists  - pitfalls and pearls. In: Stahel PF, editor. 
Surgical patient safety: a case-based approach. New York, NY: McGraw-Hill; 2018. p. 21–30.

31. Undre S, Healey AN, Darzi A, Vincent CA. Observational assessment of surgical teamwork: a 
feasibility study. World J Surg. 2006;30(10):1774–83.

32. Dal Mas F, Garcia-Perez A, Sousa MJ, Lopes da Costa R, Cobianchi L. Knowledge trans-
lation in the healthcare sector. A structured literature review. Electron J Knowl Manag. 
2020;18:198–211.

33. The Royal College of Surgeons of Edinburgh; the Royal College of Surgeons of England; 
Royal College of Physicians and surgeons of Glasgow. Intercollegiate green theatre checklist 
compendium of evidence. Intercollegiate Green Theatre Checklist Compendium of Evidence, 
2022. https://www.rcseng.ac.uk/- /media/images/rcs/about- rcs/sustainability/greentheatre-
checklist.pdf. Accessed 27 May 2023.

34. Haynes AB, Weiser TG, Berry WR, et al. A surgical safety checklist to reduce morbidity and 
mortality in a global population. N Engl J Med. 2009;360(5):491–9.

35. Gawande A. The checklist manifesto: how to get things right, vol. 1. New York, NY: Picador; 
2010. p. 64.

36. Stahel PF, Mehler PS, Clarke TJ, Varnell J. The 5th anniversary of the "universal protocol": 
pitfalls and pearls revisited. Patient Saf Surg. 2009;3:14.

37. Stahel PF, Sabel AL, Victoroff MS, et al. Wrong-site and wrong-patient procedures in the uni-
versal protocol era: analysis of a prospective database of physician self-reported occurrences. 
Arch Surg. 2010;145(10):978–84.

38. Goldenberg MG, Elterman D. From box ticking to the black box: the evolution of operating 
room safety. World J Urol. 2020;38(6):1369–72.

39. Douglas N, Demeduik S, Conlan K, et al. Surgical caps displaying team members' names and 
roles improve effective communication in the operating room: a pilot study. Patient Saf Surg. 
2021;15:27.

40. Angelos P. Interventions to improve informed consent: perhaps surgeons should speak less and 
listen more. JAMA Surg. 2020;155(1):13–4.

41. Wood TC, Raison N, Haldar S, et  al. Training tools for nontechnical skills for surgeons: a 
systematic review. J Surg Educ. 2017;74(4):548–78.

42. Pradarelli JC, Gupta A, Lipsitz S, et al. Assessment of the non-technical skills for surgeons 
(NOTSS) framework in the USA. Br J Surg. 2020;107(9):1137–44.

43. Yule S, Gupta A, Gazarian D, et al. Construct and criterion validity testing of the non-technical 
skills for surgeons (NOTSS) behaviour assessment tool using videos of simulated operations. 
Br J Surg. 2018;105(6):719–27.

44. Stahel PF. Learning from aviation safety: a call for formal "readbacks" in surgery. Patient Saf 
Surg. 2008;2:21.

45. Hoover EL. Patient safety and surgeons: why the resistance? Arch Surg. 2007;142(12):1127–8.
46. Prabhakar H, Cooper JB, Sabel A, Weckbach S, Mehler PS, Stahel PF. Introducing standard-

ized "readbacks" to improve patient safety in surgery: a prospective survey in 92 providers at 
a public safety-net hospital. BMC Surg. 2012;12:8.

V. P. Stahel et al.

https://www.rcseng.ac.uk/-/media/images/rcs/about-rcs/sustainability/greentheatrechecklist.pdf
https://www.rcseng.ac.uk/-/media/images/rcs/about-rcs/sustainability/greentheatrechecklist.pdf


121© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
J. Martellucci, F. Dal Mas (eds.), Towards the Future of Surgery, New 
Paradigms in Healthcare, https://doi.org/10.1007/978-3-031-47623-5_11

Chapter 11
Women in Surgery: A Long Way to Equity

Simona Deidda, Elisa Sefora Pierobon, and Gaya Spolverato

 The History of Women in Surgery

 Women in Medicine and Surgery

The history of women in surgery begins in 3500 before Christ (BC) in Mesopotamia 
were flint and bronze surgical instruments were uncovered from the grave of Queen 
Shubad of Ur [1]. Moreover, there are studies that support the presence in 1500 BC 
of female medical students in Heliopolis, Egypt [2], and there are also traces of an 
important role of women in surgery in ancient Greece. The Tetrabiblion, a manu-
script of 150 common era (CE) authors described the surgical techniques of Aspasia, 
a Greco-Roman female surgeon. This served as the main surgical text into the 11th 
century [1].

During the Middle Ages, women were excluded from the medical and surgical 
practice. King Henry VIII, during the fourteenth century, said “No carpenter, smith, 
weaver or women shall practise surgery,” and banned women from the Company of 
Barber Surgeons, founded in 1540 [1]. However, during this period marked by dis-
crimination, women continued to practice surgery in England and in North America.

With the advent of modern surgery and surgical training, we also find the names 
of the most famous heroines in the history of surgery. This period opens with the 
story of Dr. James Barry, a man who practiced medicine in the United Kingdom 
(UK), also called “the beardless lad” [3]. He joined the army as a surgeon during the 
Napoleonic wars and performed one of the first successful cesarean sections. At the 
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time of his death, Dr. Barry was discovered to be a woman; the real name was Dr. 
Miranda Stewart.

While Dr. Miranda Stewart impersonated a man who practiced surgery in the 
UK, Dr. Elizabeth Blackwell was rejected by more than 20 medical schools in the 
USA, just because she was a woman. She was admitted to a New York medical 
school and in 1849 she graduated. Unfortunately, she did not obtain a residency 
position anywhere and ended up serving as an obstetrical nurse in France. In 1889 
Dr. Blackwell was recognized as the first woman medical doctor in the USA [1, 4].

Half a century after Dr. Blackwell’s graduation, women represented 6% of the 
national physician population [4]. However, the closure of all the women’s medical 
colleges in 1910 caused a significant drop of the proportion, as low as 3%, of women 
in medical school. The percentage of women physicians would not increase again 
until the second half of the 20th century [5].

In 1867, the first female physician in Canada was Dr. Emily Jennings Stowe. She 
graduated at the New York Medical College for women, because Canadian medical 
schools did not admit her. Then, she took the license to practice by the College of 
Physicians and Surgeons of Ontario. During the same period, Dr. Mary Edwards 
Walker was recorded as the first female surgeon in the USA and in the US Army [6]. 
She was awarded the Medal of Honor and still is the one and only female recipient 
out of nearly 3500 medals of honor.

The era of women in surgery began during the twentieth century, when there was 
a rise of female representation in medical school and an initial presence of women 
in medical societies. The first British female surgeon was Dr. Elizabeth Garrett 
Anderson; she was the first female dean of a medical school, first female medical 
doctor in France, first woman to be elected to a school board, first female mayor in 
1908, and first female magistrate in Britain [7].

Dr. Jennie Smillie Robertson was the first recorded female surgeon in Canada 
(1909); she was one of the founders of the Women’s College Hospital and promote 
the Federation of Medical Women of Canada [1]. Moreover, Dr. Jessie Gray was 
named Canada’s First Lady of Surgery in 1941 and served from 1946 as chief of 
surgery at the Women’s College Hospital. In 1954, she was honored with the 
Elizabeth Blackwell Medal [7].

The first female surgeons deemed as Fellows of the American College of 
Surgeons (ACS) in the USA were Drs Florence W. Duckering and Alice G. Bryant. 
In 1934, Dr. Barbara Stimson was the first woman certified by the American Board 
of Surgery and the first woman member of both the New York Surgical Society and 
American Association for the Surgery of Trauma. Dr. Ruth Jackson, after passing 
her orthopedic board exam in 1937, became the first woman certified by the board 
and admitted to the American Academy of Orthopedic Surgeons [5].

Dr. Benjy Brooks was the first woman pediatric surgeon, and in 1958, she joined 
the staff at the Texas Children’s Hospital and the Baylor University School of 
Medicine in Houston, and in 1973, she started and led the division of pediatric sur-
gery at the new University of Texas Health Science Center at Houston. She was 
named to the Texas Women’s Hall of Fame, and “Houston’s Pioneer Women and 
Today’s Leaders” by her adopted city.
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Dr. Nina Starr Braunwald was first a beloved wife and mother of three children, 
and then the first surgeon to implant a prosthetic mitral valve into a human in 1960, 
the first woman to be certified by the American Board of Thoracic Surgery in 1963, 
the first woman elected to membership in the Association of Women Surgeons. 
Following her death in 1992, the establishment of Nina Starr Braunwald Research 
Awards boosted support for many of the successful women who practice cardiac 
surgery today [8]. Dr. Alma De Morani in 1943 was the first female member of the 
American Society of Plastic and Reconstructive Surgeons, which was founded 
in 1931.

 The Foundation of Women’s Surgical Societies

The last 50 years of surgical history have seen the development of women’s surgical 
societies with the common aim to collect experiences of female surgeons in differ-
ent surgical subspecialties and provide support to women surgeons (Table 11.1).

In 1981, Dr. Patricia Numann founded the Association of Women Surgeons 
(AWS) a not-for-profit educational and professional organization whose mission is 
to inspire, encourage, and enable women surgeons to realize their professional and 
personal goals.It has the aim to promote improvements in the workforce conditions 
for surgeons now and in the future. Since then, several other women’s surgical soci-
eties have been founded as a testimony to the fact that women are facing similar 
problems at different timeframes and with some regional and cultural peculiarities. 
The aims of all these society include:

 – promote surgery as a career for women and to enable women who have chosen a 
career in surgery to realize their professional goals,

 – educate medical students and professionals (including men) and the society as a 
whole support of women surgeons,

 – develop guidelines and policies to combat the numerous issues faced by all indi-
viduals in the surgical field,

 – facilitate and support mentorship for women in surgical training and for under-
graduates in medical schools,

Table 11.1 Surgical society

Society Year Country

Association of Women Surgeons (AWS) 1981 USA
Women in surgery (WinS) 1991 UK
Japan association of women surgeons 2007 Japan
Royal Australasian college of surgeons (RACS) women in 
surgery

2011 Australia and New 
Zealand

Women in surgery Italia (WIS Italia) 2015 Italy
Women in surgery Africa (WISA) 2015 Africa
Women surgeons Kuwait 2018 Kuwait
Women association surgeons Pakistan (WASP) 2019 Pakistan
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 – protect rights during maternity and issues related to it. Help to create balance 
between family and work, including options for flexible hours in training,

 – action as intermediary if issues of harassment and discrimination become 
concerning.

A wind of change in Italy started in 2015 when Drs Isabella Frigerio and Gaya 
Spolverato founded Women in Surgery Italia (WIS Italia, www.womeninsurgeryita-
lia.it), with the progressive increase in female surgeons. This society is open to all 
surgeons, women, and men and wants to be the starting point for promoting initia-
tives aimed at achieving gender equality in surgery.

WIS Italia aims:

 – to enable women of all ages and surgical specialties to pursue their profession 
and to develop their skills,

 – to promote a workplace able to enhance: involvement, respect, growth, profes-
sional and human satisfaction,

 – to encourage female surgeons’ leadership,
 – to create a network of contacts to increase training and professional 

opportunities.

Overall, the dedication of a few women pioneers paved the way for young women 
surgeons, and their will to share their invaluable experience is key to the develop-
ment of a new generation of female leaders in the surgical field.

 Women in Surgery: Statistics

The gender and equity analysis of the global health and social workforce outlined 
how women deliver global health whereas men lead it9. In particular, women repre-
sent 70% of global health workforce but hold only 25% of senior roles. Sixty-nine 
percent of global health organizations are headed by men and 80% of board chairs 
are men. Only 20% of global health organizations were found to have gender parity 
on their boards, and 25% had gender parity at senior management level. Furthermore, 
gender stereotypes have driven occupational segregation, sorting men and women 
into different kind of jobs. Men hold the majority of jobs in the surgical field whereas 
they account for only 10% of those entering nursing school. This horizontal segre-
gation leads to the feminization of certain medical specialties such as pediatrics, 
pediatric surgery, obstetrics, gynecology, oncology, and dermatology [9].

Women face sexual harassment in greater measure; 30% of female medical aca-
demics in the USA reported sexual harassment compared with 4% of males [9].

The gender pay gap in health is 26–29%, higher than average for other sectors. 
This remains nearly universal and largely unexplained with a lifelong impact con-
tributing to female poverty in old age [9].

According to the data reported by the Health Ministry in Italy at the beginning of 
2020 [10], female medical doctors who works in Italy as attending were 51,199, 
representing 48.1% of the total compared to the 38.4% of 2010. They are on average 
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Table 11.2 Admissions in 
Italian universities. Academic 
Year 2019–2020 [11]

Residency Total admissions F%

Cardiac surgery 249 51.8
General surgery 2023 48.8
Maxillofacial surgery 167 59.8
Oral surgery 297 59
Pediatric surgery 146 28.7
Plastic surgery 288 66.6
Thoracic surgery 186 50.5
Vascular surgery 360 47.2
Neurosurgery 335 63.5
Total 4051 49.7

Table 11.3 General Surgery 
Residency admissions [11]

Academic Year Total (M + F) F%

1999–2000 1157 31.0
2006–2007 1291 39.0
2013–2014 1604 48.0
2019–2020 2023 48.9

younger than the male counterpart (48.9 years vs. 53.8 years) and they represent 
almost 63.5% of doctors younger than 45  years as opposed to those older than 
45 years, underlying the generational change.

The increase in the female proportion does not correspond to an increase in lead-
ership: only 17% of departments and 34.7% of units are led by women [10]. To 
confirm the horizontal segregation highlighted by the WHO [9], women represent 
only the 30.2% of surgeons in hospitals and 15% in academia. Even though there is 
a trend toward the increase of new female employees (59.9% of new hiring), again, 
there is still horizontal segregation. Only 25–26% are females in general, vascular 
and thoracic surgery and only 14–17% in subspecialities such as urology, orthope-
dics and neurosurgery (Table 11.2). In Italy, only 3.3% of full professors of surgery 
and 3% of chief of surgery are women.

According to the data of the Education Ministry in Italy, the percent of women 
entering general surgery residency was 48.9% in the academic year 2019/2020 
compared to the 31% of 1999/2000. As depicted in Tables 11.3 and 11.4, it seems 
that some kind of bottleneck still exists as even though the women entering the resi-
dency in general surgery in 2013/2014 were 48%, the specialized female surgeons 
working in surgical departments in 2020 were 24.4% [11].

 Type of Gender Discrimination

In 1984 Nora Frenkiel coined the term “glass ceiling” [12], and then Carol Hymowitz 
and Timothy Schellhardt in a 1986 defined this as “an invisible but impenetrable 
barrier between women and the executive suite preventing them from reaching the 
highest levels of the business world regardless of their accomplishments and 
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Table 11.4 Female Surgeons 
working as staff in Surgical 
Units, year 202010

Specialty N° %

Cardiac surgery 115 15.8
Orthopedic surgery 606 15.2
Maxillofacial surgery 55 15.0
Urology 259 14.1
Pediatric surgery 152 36.5
Ophthalmology 652 32.1
Plastic surgery 152 27.8
ENT surgery 437 24.9
Vascular surgery 213 24.9
General surgery 1606 24.4

Thoracic surgery 98 23.4
Neurosurgery 220 22.8

merits.” The increasing number of women entering medical school does not reflect 
the rate of females pursuing surgical careers, even if a constant rise has been noted 
[13]. This slow but steady growth has opened a debate on gender inequality in sur-
gery. Currently, in the USA [14] and most Western countries [15], the ratio of 
women in surgical training is far less than that of women in medical school, and 
surgical specialties are still facing difficulties in recruiting and retaining female 
surgeons. Different types of gender discrimination have been identified affected 
female surgeons at different stages of their career creating both evident and more 
subtle barriers. The reasons that hinder women from pursuing a surgical career 
include sexual and verbal harassment, implicit forms of verbal discrimination [16–
19], discrimination in academic surgery [20], in surgical leadership [21] and in sur-
gical society leadership [22]. Moreover, some studies showed that gender income 
gap appears to exist in surgery, where rigorous training, lengthy procedures, and 
significant on-call responsibilities are undeniable parts of the working routine and 
continuous dedication is a key to success. In this scenario, achieving and maintain-
ing a state of balance between professional and personal life can become even more 
challenging especially for female surgeons [23].

 Gender-Based Discrimination

Gender discrimination in modern working settings are deemed unacceptable and 
violate women’s rights, harms their health, and damages careers [24–26]. Many 
studies have showed that women who are victims of discrimination have anxiety, 
depression, and post-traumatic stress disorder [24, 27]. Moreover, these symptoms 
translate into damaged team dynamics, decreased job satisfaction, decreased pro-
ductivity at the workplace, abandoning surgical training or retiring early [16].

S. Deidda et al.



127

An uncomfortable truth is that surgery and surgical training have a problem with 
sexual harassment, sexual assault, and rape. Some studies [12, 28–31] identified 
different types of gender discrimination that affect female surgeons’ career at differ-
ent stages. Explicit gender bias included sexual and verbal harassment, workplace 
marginalization, and bias in hiring and for promotions. Recent studies showed that 
20–70% of female surgeons experienced sexual harassment [32, 33] in the form of 
unwanted verbal or physical conduct. Such conduct has been reported to come more 
frequently from attending surgeons, and the risk of being a victim was four times 
higher for residents and fellows compared to attending physicians [32]. Among 
women who experienced sexual harassment, only 5–15% filed a formal complaint 
[34]; and 50% of them reported that no action was taken after the reporting of their 
complaint.

A survey by Crebbing et al. [35] reports the prevalence in Australia and New 
Zealand of discrimination, bullying and sexual harassment in surgery. They showed 
that, among 3516 (47.8%) participants, 1516 (49.2%) respondents indicated that 
they had experienced one or more harassment. During the last 5 years, more than 
70% of the participating hospitals reported episodes of discrimination, bullying or 
sexual harassment by a surgeon. Surgical directors or surgical consultants were by 
far the most frequently reported perpetrators. Moreover, females were more likely 
to experience discrimination (41%), bullying (58%), sexual harassment (36%) than 
males. The highest frequency of behaviors was sexually explicit or offensive jokes 
(59%), unwelcome sexual flirtations (56%), inappropriate physical contact (53%), 
and questions or insinuations about sexual or private life (52%).

A cross-sectional national survey from the USA [33] investigated the occur-
rence, nature, and reporting of sexual harassment in surgical training and to under-
stand why surgical trainees who experience harassment might not report it. Among 
7409, sexual harassment was reported by 10.3% (19.9% of female trainees overall). 
Of those women that did report, the perpetrators were most frequently patients or 
patients’ families (31.2%) and consultant surgeons (30.9%), followed by trainees 
(15.4%) and nurses or staff (11.7%). The most cited reasons for not reporting were 
believing that the action was harmless (62.1%) and believing reporting would be a 
waste of time (47.7%).

Other surveys [12, 25, 36] analyzed the presence of sexual harassment in differ-
ent surgical specialties. Whicker et al. [36] found that 68% of orthopedic surgeons 
experienced sexual harassment during their orthopedic training, without significant 
difference between current and past trainees (59% current vs. 71% past, p = 0.10). 
Similar findings have been reported by Ceppa et al. [25] in cardiothoracic surgery 
with 81% of female attending surgeons and 46% of males reporting that they had 
been sexually harassed (P < 0.001).

Nowadays, a subconscious form of discrimination based on previous social and 
psychological experiences and interactions is more common [30, 37, 38]. These are 
often forms of bias that individuals are not aware of, or unable to control. Different 
factors contribute to this form of discrimination [31]:
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 – Workplace discrimination such as lack of flexibility, long work hours, leave pol-
icy, role models, lack of mentorship, and exclusion from networks.

 – Epistemic injustice (unfair assessments of women’s’ surgeons’ credibility by 
patients and colleagues. Misrecognition by patients who assume that women are 
not surgeons).

 – Stereotyped roles (colleagues’ expectations about being friendly and caring 
domestic tasks and paperwork, patients’ expectations to be empathetic and hav-
ing high level of communications style).

 – Objectification (feeling objectified by colleagues and patients about physical 
appearance and clothes).

Salles et al. [30] collected data among health-care professionals and surgeons 
about the presence of conscious and unconscious gender bias using “The Implicit 
Association Test,” a validated tool used to measure implicit biases, which are mental 
associations shaped by one’s environment that influence interactions with others. 
Results showed that healthcare professionals associated men with career and women 
with family, whereas surgeons associated men with surgery and women with family 
medicine. Ross et al. [39] quired 190 men surgeons about attitudes toward women 
surgeons utilizing a validated questionnaire. They found a bias of male surgeons 
against female colleagues: 10% considered female colleagues less capable to per-
form competent surgery, although 21% thought that male surgeons handle job stress 
better and 45% of responders recognized that discrimination against women in the 
field of surgery exists and that there is a negative attitude toward women being 
surgeons.

A large cross-sectional population-based study that compared the proportion of 
referrals made by male and female physicians to male and female surgeons, was to 
determine whether physicians’ referrals to surgeons are influenced by the sex of the 
referring physician. This study found that male physicians referred a greater propor-
tion of patients to male surgeons than to female surgeons and female surgeons 
received greater fractions of nonoperative referrals. These differences have not 
attenuated over time and were greatest in surgical specialties with the highest repre-
sentation of female surgeons, suggesting that disparities will persist, even widen, as 
more women enter the field of surgery [40].

 Discrimination in Leadership Positions

In the last century, the number of women entering medical schools has grown so 
much that they now represent more than 50% of medical students in Western coun-
tries [15]. However, there was not an equivalent increase in the number of women 
joining surgical specialties, and they are still underrepresented in leadership and 
academic positions [41]. Some reasons have contributed to this, including different 
types of discrimination, inequities in promotion, and lack of mentorship.
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Several studies have been published to investigate gender discrimination in sur-
gical leadership [21, 42, 43]. Although a great progress has been made in the 
advancement of women into leadership positions in surgery, there are still signifi-
cant rooms for improvement. A persistent gender gap remains among leadership 
positions in US academic surgical departments despite increasing equality in trainee 
gender demographics. Currently, 29 (7.6%) of 379 chairs of surgical departments 
across the USA are held by women as of 31st December, 2021 [44]. In 2018, women 
filled 2 (8.3%) of the UK’s corresponding presidential positions, 3 (11.8%) of vice- 
presidential positions and 18.1% of the executive committees, despite accounting 
for almost 27% of the workforce and 24% of surgical society members [45].

Weiss et al. [21] analyzed numbers of female medical students, residents, and 
faculty members in the USA obtained from the 2011 to 2012 Biannual Benchmark 
Report from the Association of American Medical Colleges, with the goal of this 
study is to evaluate the percentage of women in Chair, Program Director, Chief, and 
Associate Director positions in the USA, at academic and community-based pro-
grams. Authors found that there was a considerable higher female representation in 
the Program Director position than Chair position in General Surgery as compared 
with men. There was greater female representation in Associate Director role than 
Chief role in General Surgery, and there were significantly more women in the 
Chief versus Chair role, as well as a higher female percentage in the Associate 
Director position than Program Director position.

Moreover, Filiberto et al. [46] analyzed data of 811 US surgery fellowship pro-
grams across 14 specialties, with the aim of showed data regarding sex and aca-
demic rank of the leadership of fellowship programs are lacking. They showed that 
women are underrepresented among surgery fellowship program directors (18%), 
and that the percentage of women program directors was greatest in breast surgery 
(65%) and least in minimally invasive surgery (6%).

An international survey including female surgeons from USA, Japan, Finland, 
Hong Kong, and China, showed that female surgeons agreed that their representa-
tion in leadership positions should be increased. Different factors were considered 
responsible for impeding their advancement depending on the country. Japanese 
female surgeons identified a lack of a family support system as a main factor, 
whereas American female surgeons felt that latent gender discrimination played the 
main role [47].

 Discrimination in Academia: Authorship, Research 
Productivity, Founding

Some studies showed that women are underrepresented in the surgical literature by 
means of either less publications or less citations than their male counterparts 
[48–51].
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Xiao et al. [51] in a bibliometric analysis of research articles found that among 
3604 authors of 1802 articles included, 22.6% first and senior authors were female. 
Similar results were found by Taira et al. [48] who evaluated first authorship among 
664 original research articles, with 78.6% first authors being male surgeons. Also, 
two manuscripts [52, 53] showed that the paper presented at 2002, 2003, and 2004 
annual meetings of the Association for Academic surgery and Society of University 
surgeons women authored only 9.1% of abstracts and 11.8% of resulting 
publications.

Gender bias exist also in funding received [54–56]. Atkinson et al. [55] found 
that among 1642 awards distributed in 20  years by different surgical societies, 
74.3% were received by males and only 25.5% by females. Gender discrimination 
exists also for grant awarded within National Institutes of Health (NIH) funding, 
with mean NIH funding per grant for men higher than for women ($365,760 men 
vs. $292,912 women) [56].

Nevertheless, studies suggested that gender biases relating to academic leader-
ship positions should be considered responsible of differences in publication rates 
between male and female surgeons [50]. Bernardi et al. [50] showed that women 
publish at rates proportional to their involvement in each specialty, and that female 
progress in academic surgery seems to be far more multifactorial and might depend 
on an amalgam of institutional policies and cultures, interactions with mentors, 
superiors, and colleagues as well as personal traits such as ambitions, perseverance, 
and perception of success.

 Discrimination in Surgical Societies

A persistent gender gap remains among leadership positions in surgical societies 
and representation during conferences [57–59]. Among factors that may hinder 
women’s surgical careers there is the low rate of women at surgical conferences [59].

Gerull et al. [59] determined the representation of women at surgical conferences 
among 14 US surgical societies in 2011 and 2016, to assess change over time. 
Women represented 23.8% of members (28,591/120,351), 19.4% of plenary speak-
ers (25/129), 21.7% sessions speakers (1120/5161); 39.5% of the panels (353/893) 
were “all male panels.” There are relatively few opportunities for women to be ple-
nary speakers, and there has not been a significant increase in the proportion of 
women selected to be plenary speakers over the two timepoints that we examined. 
However, there has been some improvement in the representation of women as ses-
sion speakers and the number of all-male sessions over time.

Similar results have been showed by two study conducted during 2017 [58, 60], 
in which no increased in female authorship was observed between 2015 and 2018. 
These biases were even more pronounced in neurosurgical society conferences 
organized by three main American neurosurgical organizations between 2014 and 
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2018 [61]. There was no significant increase in female participation across the study 
period. There was no female presidents or honored guest at any academic meetings 
analyzed; 53.8% of executive committees comprised all men. Women often consti-
tuted a minority (<15%) of speakers and moderators.

Moreover, the number of female surgeons in leadership positions in surgical 
societies is still consistent low. Among 18 UK surgical societies only 8.3% had 
female residents, 15.2% had women in committee positions and 13.5% had a woman 
on the executive committee in 2018. Women as Committee Members have regis-
tered a slow but significant increase in the Society of American Gastrointestinal and 
Endoscopic Surgery between 1992 and 2018 from 3% in 1992 to 27% in 2018 [57]. 
A marginal change among women occupying leadership positions in the Society of 
Thoracic Surgeons (STS) and Annals of Thoracic Surgery Editorial Board was 
observed also comparing 2018 and 2015 archives from STS Annual Meetings 
(12.3% vs. 9.1%, p = 0.092 and 15.7% vs. 45.4%, p = 0.029) [60]. Similar results 
were demonstrated by Butler et al. analyzing female representation between 2014 
and 2020 in the American College of Surgeons, the American Surgeons Association, 
and by McCoullogh et al. [62] analyzing women representation between 2014 and 
2018 in the American Society for Surgery of the Hand.

 Work-Life Imbalance

In medical and especially surgical specialties, work-life balance is often discussed 
and difficult to achieve [23]. For surgeons, work can encompass many different 
tasks such as on-call responsibilities, operating, clinic, paperwork, teaching respon-
sibilities, grant and paper writing, presentations, traveling to conferences, and jour-
nal reading. Life is generally everything else like physical needs (exercise, nutrition, 
personal health, sleep) and especially family and children. In any case, work-life 
conflict seems to affect women more strongly, as manifests their lower likelihood, 
in many settings, of having a spouse, getting married or having children than their 
male contemporaries. The reason why this might be occurring, is to be found in a 
society that is still very patriarchal, where men and women did not have equal 
opportunities for career progression in the surgical field, and female surgeons are 
responsible for the majority of housework and childcare, whit the perception that 
having children and domestic duties were barriers to their professional development 
[63]. To increase the number of women enrolled in surgical specialties and balance 
lives of female surgeons, some interventions such as more flexible working hours, 
as well as adequate parental leave and childcare policies may be needed [64, 65].

An international survey involved 1111 surgeons from 53 countries [66] draws 
attention to the dramatic variation in leave policies and illustrates the need to define 
optimal policies for the support of a reliable surgical force while maintaining work-
place safety and professional contributions. Respondents were asked who 
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determined policy regarding pregnancy and maternity leave in their country. In the 
USA, most respondents answered that their hospital or employer/administrator cre-
ated policy (72%), followed by national government (29.8%) and individual super-
visor (23.2%). National government was the most common response for participants 
from England, Ireland, Finland, and Italy. Surgeons in Italy were the most likely to 
be required to stop taking night call and operating and timing of reduction of work 
activity was upon declaration of pregnancy or first trimester (83%).

Work-life imbalance also include the topics of fertility, pregnancy, and mother-
hood. Female surgeons seem to face high rates of infertility as well as pregnancy 
complications [67, 68]. The reasons could include the physically demanding nature 
of surgery, and the difficulty of integrating pregnancy and motherhood into training 
or daily practice along with inadequate or indefinite parental leave, breastfeeding 
and childcare plans may result in perceiving pregnancy as stigma. Moreover, female 
surgeons deliberately delay first pregnancy or avoid it through elective abortions, to 
preserve concentration on surgical training and simultaneously prevent the negative 
attitude of their male and female peers and superiors.

 Gender Pay Gap

A gender pay gap appears to exist in surgery. Pay gap may begin with how starting 
salaries are negotiated, creating a gap that continues to widen over time. Another 
factor may be pregnancy and childbearing; however, a study found that this discrep-
ancy is maintained even after adjusting for seniority [69], suggesting that the gender 
pay gap existence is probably far more multifactorial.

A recent report of the Association of Women Surgeons declared that female sur-
geons earn nearly $20,000 less annually than male surgeons, and this wage gap 
begins on entry into the workforce and widens over time: Women surgeons will earn 
90% of what men are paid until age 35, and then that number drops to around 82% 
[70]. A large difference in salary was actually observed in the USA in surgery 
($329,097 versus $285,369) [69], and among surgical specialties in orthopedic sur-
gery were female make an average of $491,770 a year (vs $614,447 a year for male 
orthopedic surgeons). Moreover, Greys et al. [71] in their study of 407 residents 
across 19 U.S. general surgery programs, found that female general surgery resi-
dents expected their minimum acceptable starting salary to be $18,198 less than 
men predicted theirs would be ($249,502 vs $267,700). They also reported their 
ideal starting salary to be $29,954 less than their male counterparts ($334,709 vs. 
$364,663).

This gender pay gap may also be influenced by a referral bias that affects how 
quickly female surgeons can build up their practice, as showed by Dossa F. et al [40] 
that found that male physicians referred a greater proportion of patients to male 
surgeons than to female surgeons and female surgeons received greater fractions of 
nonoperative referrals.
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 How Can the Gender Gap in Surgery Be Minimized?

Manifest and occult barriers still prevent young women from enrolment, promotion, 
training opportunities, and career progression in surgical departments [31]. Some 
steps have been made to bridge the gender gap in surgery; however, gender imbal-
ance remains prevalent in surgery. Despite discrimination and obstacles, no signifi-
cant differences were shown between males and females in learning surgical skills, 
among neither medical students nor surgical trainee [72].

Some possible solutions have been proposed to overcome gender bias in surgery. 
The possibility to obtain flexible training and career options, the promotion of a less 
masculine image of surgery itself, the implementation of initiatives to improve 
work-life balance, the valorization of same sex mentors and role models have all 
been proposed as means to make surgery a woman-friendly career [73].

Constant controlling and reporting of incidents of harassment is required to 
reduce the rate of explicit gender bias. Moreover, to overcome implicit gender bias 
women need more autonomy in the operating room, also to perform more complex 
surgeries, and equal distribution of clinical tasks. Discrimination in academia needs 
equal chances for authorship and founding, easier female access to the full professor 
rank and meritocracy-based selection and promotion processes, especially during 
training. Residency program directors should understand the necessity of establish-
ing gender equality through fair interview and selection processes [74]. Moreover, 
mentorship in surgery has been recognized to significantly contribute to career sat-
isfaction, inclusion, and retention, and have a favorable effect on implementing 
research productivity, achieving personal development, and to purse young sur-
geons to superior position. Mentorship has been widely acknowledged to play a 
crucial role during three distinct phases of surgical career: surgical training, the 
transition from trainee to attending in the first 3–5 years of practice, and the mid- 
career phase [75]. The different needs of mentees during their surgical training and 
practice require more than one mentor, and this phenomenon is described as “mosaic 
mentoring” and involves seeking mentors to match specific and sometimes short- 
term personal or career goals [76]. Women in surgery are less likely to have men-
tors, mainly due to the paucity of female surgeons who could be potential mentors. 
However, this group of surgeons might benefit the most from having same-gender 
mentors to gain a sense of inclusion and advance their careers. Social media is an 
important instrument for networking, mentoring and sponsorship [77] among 
female surgeons, partially overcoming the difficulties in finding same-gender men-
tors within single institutions. Social media represent a modern system to create a 
global network and help by sharing common experiences, enabling a connection 
between people around the world.

Structured mentorship programs have not been formally established in many 
countries; however, sporadic initiatives have been created in the form of pilot stud-
ies, with the aim to guide future structured systems [78]. Women in Surgery Italia 
(WIS Italia), the Italian association of women in surgery, along with the University 
of Padova, recently presented a project aimed to help female medical students with 

11 Women in Surgery: A Long Way to Equity



134

an interest in surgery and female residents to find mentors among selected world- 
class institutions. The pilot project selected 25 mentors and 25 mentees and had its 
presentation meeting on June 29, 2022. In the future, online meetings between 
matched mentor and mentee will be organized with the aim to create support in 
training opportunities, role models, career advancement, and work-life balance.

All these efforts are inadequate without the active implementation of consensus- 
based policies for minimization of work-life imbalance, including the introduction 
of more concise training programs, more flexible working schedules, longer mater-
nity leaves, even paternity leaves for spouses. Supportive measures could be applied 
not only for childcare but also for peers and faculty during maternity leaves. Finally, 
work modifications especially during late phases of pregnancy are required.

In everyday life of female surgeons, technology could represent a powerful mean 
to overcome inequities and could help remove some of the barriers that female sur-
geons face during their professional lives. Acknowledging this, artificial intelligence 
(AI) applied to the surgical field could have a potential role as an equalizer for 
women in surgery [79]. AI is currently being tested in clinical practice to aid preop-
erative diagnosis, staging, to predict response to treatment, and to support clinical 
decision-making during surgery. The widespread adoption of robotic surgery and its 
latest developments could be of great support for female surgeons, reducing the need 
for traveling, and contributing to a better work-life balance in a world where women 
are often both professionals and caregivers. Besides, robotic surgery contributes to 
remove physical strength barriers and could allow for female surgeons to continue 
performing surgery during pregnancy and childbearing. This is particularly relevant, 
since female surgeons have been reported to postpone pregnancy for various rea-
sons, such as their training and career, which can result in negative impacts on infer-
tility rates and obstetrical complications [80]. Another important application of AI is 
in the field of surgical training. Training and surgical mentoring could be provided 
remotely to surgeons residing in rural areas, which has already been successfully 
achieved. Again, the possibility to train anywhere and anytime could substantially 
contribute to ameliorating a female surgeon’s work-life balance, allowing them to 
train during pregnancy and to maintain their role as caregivers without sacrificing 
their careers, and, ultimately, reducing the number of female surgeons who actually 
quit their job due to the difficulty in balancing their career and family life [67, 81].

 Conclusions

Worldwide women in surgery still represent a small percentage, however, signifi-
cant measures are required to respond to the increasing number of women joining 
surgical specialties. To achieve parity in surgery the first step is recognition of the 
issues and causes of discrimination of female surgeons. Further action is needed in 
combating such disparities and establishing a culture of equity for women in sur-
gery. We also need a constant controlling and reporting of explicit and implicit 
gender bias and concrete intervention to break down disparities in academia, such 
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as investment in continuous surgical training, education to become lecturers, 
researchers, and scientists. Moreover, those surgeons currently in leadership posi-
tions play an important role in this fight for fairness and equality, contributing to 
career satisfaction, inclusion, and retention, and have a favorable effect on imple-
menting research productivity, achieving personal development, and to purse young 
surgeons to superior position.
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Chapter 12
Shared Decision-Making 
and Coproduction in Surgery:  
The Patient Is the Cure

Lorenzo Cobianchi, Francesca Dal Mas , Jacopo Martellucci , 
Federico Ruta, Paola Fugazzola, Simone Frassini, and Luca Ansaloni

 Coproduction and Shared Decision-Making in the  
Modern Healthcare Scenario

The modern healthcare ecosystem sees a patient-centric perspective [1]. Not only 
should healthcare institutions promote adequate knowledge translation processes to 
ensure that the patient is fully aware of what is going on [2], but the patient is often 
called to codesign his or her care path [3].

Healthcare coproduction (or coproduction) is the process in which patients, as users 
who benefit from the healthcare service, cooperate along with clinicians in defining their 
care path [4–6]. Patients actively engaged in the coproduction of their care are supposed 
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to be fully aware of the pros and cons of their choices, the consequences, and those 
behaviors that may favor the clinical outcome or the healing process [7].

Coproduction may also mean sharing the responsibility with the clinician, which 
is why full coproduction may not be feasible for every one [5]. The variety of the 
patients (young vs. elderly, level of education, knowledge on healthcare-related 
issues, the possibility of being supported by family members or patients’ associa-
tions, …) may largely affect the patient’s attitude to understanding his or her condi-
tion, making decisions, and sticking to a chosen treatment path. To facilitate such a 
process and bridge the gaps between healthcare professionals and patients, the lit-
erature and practice [8, 9] recommend that adequate knowledge translation mecha-
nisms and tools be implemented [10].

Among these facilitators, we may name technology-based tools like mobile elec-
tronic records [11] and web portals [12]. Technical skills-based tools are repre-
sented by cases [13], guidelines [14], journal publications [15], evidence 
based-methods [16], among others. Also, non-technical or soft skills-based tools are 
helpful in facilitating the cooperation between patients and medical teams, for 
instance, the use of interpersonal skills [17, 18], simple language [19], metaphors 
and examples [20], and ethics [21, 22]. Education also stands as a powerful facilita-
tor in enhancing the translation of knowledge through webinars [23], training [24], 
leaflets and brochures [25], lessons learned and best practices [9]. Tools based on 
creativity may also be employed, for instance, through design [26]. Last but not 
least, social activities may also be valuable, for example, multistakeholder engage-
ment approaches [27], committees and meetings [28], multidisciplinary teams [29, 
30], discussions [31], and communities of practices [18].

All in all, clinicians and healthcare institutions are encouraged to promote copro-
duction dynamics with their patients whenever possible or feasible, enhancing 
patients’ satisfaction.

One of the processes that are considered part of coproduction is shared-decision 
making (SDM). SDM has been defined by the literature as “a collaborative process 
in which patients and healthcare professionals make healthcare decisions based on 
the best available evidence and on patients’ priorities” [32]. When engaging in 
SDM, clinicians and patients collaborate to make medical decisions based on the 
best available evidence but also consider the patients’ treatment preferences, wishes, 
and values. Like coproduction, SDM is expected to increase patients’ adherence to 
treatment and, as a result, the clinical outcome. Sometimes clinical decisions are 
preference-sensitive, meaning that two or more feasible choices exist, and the pre-
ferred option should be valued based on how the patient assesses and values the 
risks and potential advantages [33, 34].

 Shared Decision-Making in Complex Surgical Contexts

SDM is a standard paradigm in elective surgery [35], when multiple reasonable 
options arise. Still, there are some surgical contexts in which engaging in SDM 
practices may be challenging for surgeons, like in trauma and emergency settings 
[33, 34].
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Trauma and emergency teams are made up of various clinical professionals with 
different expertise, including emergency physicians, surgeons, anesthesiologists, 
and nurses. Such team members are required to collaborate to provide high-quality 
care in the face of challenging conditions that often comprise stressful situations 
with time constraints and limited knowledge regarding the causes of the trauma, the 
patient’s identity, current circumstances or conditions, or care preferences [14]. In 
such cases, trauma and emergency professionals may not have enough time to dis-
cuss with their patients and their dear ones the severity of the situation, the feasible 
treatment choices, or what they may expect in the short and long post-treatment 
period [36].

Recent investigations conducted among Dutch trauma and emergency surgeons 
highlighted several barriers and difficulties in applying and measuring SDM prac-
tices [34]. In some trauma or emergency contexts, physicians need to make a deci-
sion quickly as the patient’s life may be in danger. Still, there are other clinical 
situations which may provide emergency doctors several hours or more before treat-
ment begins. In such cases, physicians should ensure to give the patients enough 
time to learn about their alternatives and make an informed decision about the next 
clinical steps.

A literature review of the topic of SDM in trauma and emergency settings con-
ducted on 20 articles grabbed from Scopus depicted some exciting results [37], 
reported as follows.

• Most studies were conducted in the USA and the Netherlands, meaning that 
those two countries are more sensitive toward the topic, as the supporting litera-
ture recalls;

• Regarding the specific surgical specialities, most articles refer to emergency gen-
eral surgery (46% of the sample) and orthopedics (30% of the sample), with hip 
and knee surgery as the most mentioned surgery type [32, 38, 39];

• Scholars did engage in multiple research methodologies to analyze such a com-
plex topic, including qualitative semi-structured interviews, scoring, retrospec-
tive analysis of registry data, quantitative cross-sectional, expert opinions, 
narrative reviews, quantitative logistic regression, and quantitative observational 
studies,

• Several decision aids can be employed to support the dialogue between trauma 
and emergency surgeons and their patients or families, including empathy, high- 
quality communication, upfront and open communication, multidisciplinary col-
laborations, checklists, scoring methods, open-access datasets, patient and family 
handbooks, but also videos and clinical vignettes;

• Many positive impacts can be named, including better clinical outcomes, as 
SDM can “facilitate and enhance the quality of patient recovery after surgery, 
illness, or trauma” [40]. Other benefits include better management of patients’ 
expectations [41], exclude or limit surgery when not necessary [42], more effec-
tive and efficient patient management [43] with effects on patient-centric 
approaches [38] and coproduction dynamics [44] with an overall more satisfying 
hospital experience [45]. Moreover, SDM can lead to cost reductions [38] and 
better adherence to ethical norms [32];
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• Several barriers to the practical application of SDM can arise, including non- 
technical skill-based barriers, resource-based barriers, process-based barriers, 
and situation-based barriers. Some examples are a misunderstanding between 
patients and professionals, time constraints in managing communication, high 
patient and work loads, the fear of unnecessarily frightening patients, insufficient 
multidisciplinary collaboration, the lack of studies and training, and cultural 
issues and mindsets.

 Results from the World Society of Emergency 
Surgery Experience

Starting from these premises, the World Society of Emergency Surgery (WSES) 
launched an initiative within its Team Dynamics Study Group [14, 46] to investigate 
the barriers, facilitators, and dynamics of SDM in trauma and emergency settings by 
employing a multi-national survey [47].

The questionnaire, launched in November 2021 and kept open until August 2022, 
was filled in by 650 surgeons. Questions were built on the recent literature and com-
prised both 5-point Likert scale enquires and some open questions, which were 
manually analyzed by the research team. Participants came from 71 countries on the 
five continents.

Fascinating results, in line with the Dutch experience [34], were gathered from 
the investigation:

• While the majority of surgeons claimed to be familiar with the term “SDM,” only 
45% of the participants, in fact, were able to offer a definition that matched the 
idea of the patient being involved in the clinical decisions. More than 11% of the 
participants were unaware of what SDM was, and another 30% thought it meant 
something else different and incorrect. Multiple times, the term “multidisci-
plinary” was used to emphasize the effort to work together by speaking with 
colleagues who have various backgrounds or areas of expertise. The procedure 
of clinical decision-making was still perceived as a “doctors-only” task, with the 
patient not being able to contribute, and several surgeons mentioned the neces-
sity to find a solution “in the best patient’s interests” to demonstrate how much 
they care about their patients’ outcomes. However, it appears that involving the 
patients and their families in the decision-making process is neither feasible nor 
beneficial. According to the majority of participants, clinical teams are skilled at 
what they do, and they can collaborate to choose the optimal clinical course of 
action given the circumstances. The team’s effective knowledge translation and 
communication processes, which also involve non-technical abilities like leader-
ship, are the focus of all efforts, which still remains within the boundaries of the 
clinical working team;

• Several obstacles and barriers associated with participating in SDM procedures 
arise. While surgeons seem to value the patient’s wishes when they appear clear, 
they are less willing to “explore” such preferences when they are not openly 
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expressed or perhaps when patient engagement requires a conversation with time 
and communication efforts.

• When asked about potential scenarios or circumstances in which SDM might be 
successfully employed, surgeons did offer a number of instances, including 
appendicitis/diverticular disease, acute abdomen, acute cholecystitis, bowel 
obstruction, colon cancer, and fracture;

• In accordance with the results grabbed from the recent literature [37], partici-
pants named clinical guidelines and training as supportive factors for such prac-
tices, but surgeons appear to place less faith in technological advancements and 
online resources.

 Implications and Future Research Avenues

Both literature and practice have recognized the importance of coproduction and 
SDM in the modern patient-centric healthcare and surgical system [48]. Sharing 
knowledge with the patients and their families and supporting them in co-decide 
about multiple reasonable clinical options stands today as a relevant ethical and 
moral duty for the surgeons and medical team involved.

Although SDM practices are pretty common in surgery, not all surgical speciali-
ties seem ideal and suitable for SDM. The challenging contexts in which trauma and 
emergency surgeons operate represent a sound example. The recent literature [14, 
34, 37] has reported several issues for trauma and emergency surgeons to employ 
SDM with their patients, even when the time or diagnosis would allow them to do so.

Cutting-edge research should deepen and share the decision aids and knowledge 
translation tools to facilitate such a process, especially those based on soft or non- 
technical skills. Interestingly enough, more technical tools such as checklists and 
scores that are employed by surgeons are little related to modern technologies such 
as artificial intelligence (AI)-based applications, which today represent sound 
decision- making supports for surgeons [46, 49–52]. New research avenues should 
investigate how web-based applications and other high-tech means may support and 
facilitate the relationship between clinical teams and patients, even in emergency 
settings, and the degree of technology acceptance.

Identifying facilitators and barriers is also valuable to both scholars and prac-
titioners. While training and education stand as the most valued strategies, time 
and resource constraints limit the possibility of the surgeon in charge to discuss 
profitably with the patient, due to the high workload. Counseling may represent 
a good facilitator for physicians to learn how to translate knowledge for their 
patients to manage their expectations and guide them in their informed choice, 
as well as an increasingly important role of nurses as case managers to act 
between the surgeon’s technical input and the patient’s feelings, wishes, and 
fears [53, 54].

Scientific societies and universities engaged in surgical research should further 
promote such cutting-edge topics through dedicated tracks at conferences and 
workshops and through calls for papers in academic journals.

12 Shared Decision-Making and Coproduction in Surgery: The Patient Is the Cure
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 Introduction

 The Need for a Multidisciplinary Approach to  
Pancreatic Cancer Care

Pancreatic cancer stands as a malignancy with a dismal prognosis, with the highest 
mortality. More aggressive forms like pancreatic ductal adenocarcinoma (PDAC) 
represent the world’s 14th most frequent malignancy and the seventh major cause of 
cancer-related mortality [1, 2]. In 2018, PDAC was the second most significant 
cause of cancer deaths in the USA, and it is anticipated to become the second lead-
ing cause of cancer deaths by 2030 [3].

Although clinical research has improved the chances of cure in recent years, the 
diagnostic and therapeutic path remains particularly complex. Novel integrated 
protocols combining chemotherapy, radiation therapy, and surgery have been 
developed in response to the need for new therapeutic techniques for treating pan-
creatic cancer [3]. Allowing patients with pancreatic cancer to qualify for surgery 
is one of the most challenging tasks facing clinicians and researchers, given sur-
gery appears to be the only long-term cure. Still, for most patients diagnosed with 
pancreatic cancer, the treatment journey may result in palliative and end-of-life 
care [1, 2].

Each stage of the clinical path requires specific skills, from the treatment of com-
plications such as jaundice or duodenal obstruction to the surgical approach, which 
often brings high mortality risks and requires advanced interventional radiology and 
endoscopy. The centres highly specialised in pancreatic surgery have proved to lead 
to better clinical outcomes [4–6]. Still, each patient is unique, with peculiar nutri-
tional or psychological issues to be addressed. Other specific skills are required 
when it comes to a correct histopathological diagnosis, the choice of the proper 
medical treatment, the need to apply and manage chemotherapy, and the right tim-
ing of radiotherapy. The integration with simultaneous and palliative care, from the 
earliest stages up to the end-of-life care, are all aspects that require a multidisci-
plinary approach for a path that provides a continuity of care.

Multidisciplinarity is not new to oncological care. The most prominent example 
is that of breast units for the care of breast-related cancers [7, 8]. Several studies 
have underlined how such multidisciplinary units are able to lead to better clinical 
outcomes for their patients (+18% survival rate), and also a better quality of life [9, 
10]. Recent experiences have included the presence of non-traditional specialists, 
including physiotherapists, physiatrists, and fitness professionals [11, 12]. Even if 
breast cancer differs from pancreatic cancer under several circumstances—includ-
ing the survival rates and the importance of prevention, a multidisciplinary approach 
has been defined as the key care strategy in a patient-centric scenario.

13 A Multidisciplinary Approach to Surgical Care: The Case of Disease Units…
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 The Pancreas Units as Defined by the Lombardy Region in Italy

The Lombardy Region in Italy has ruled the creation, within the Regional Healthcare 
System, of a network of Pancreas Units. The organisational model described within 
the regulation XI/6241 [13] sees the presence of a long list of different profession-
als, some mandatory tangible requirements which must be met to qualify as a 
“Pancreas Unit”, and a “hub and spokes” organisational approach to care. The man-
agement and organisational model sees the presence of an integrated journey for the 
patient, who is taken care of by a case manager, and who is required to attend a hub 
for more specialised activities (like endoscopy, histological examination, and sur-
gery), and a spoke closer to home for computed tomography (CT) scan or chemo-
therapy. According to the Lombardy Region, a patient association should be 
involved in the Pancreas Unit with the aim of assessing the quality of care. Moreover, 
all the Pancreas Units should participate in a network to join clinical and research 
efforts.

 A Multi-Stakeholder Approach to Pancreatic Cancer Care

The regulation XI/6241 of the Lombardy Region offers new inputs for a multidisci-
plinary and integrated approach to pancreatic cancer care. Among its innovations, 
we can underline the presence of non (or less) traditional clinical professionals (like 
psychologists), the assessment by an association of patients, and a “hub and spokes” 
approach. Still, according to the latest trends in the clinical literature, more stake-
holders could be included in the picture [14].

Figure 13.1 Reports our stakeholders’ model.
According to the model, the stakeholders’ map identifies four meaningful areas 

according to the stakeholders involved, their characteristics, and the major issues.
The first area involves the clinical institutions identified in the “hub and spokes” 

model. In such an area, we recognise the presence of multiple professionals with 
different expertise, backgrounds, and tasks. Such professionals are required to work 
together in a coordinated way to reach the preferred clinical outcome from a patient- 
centric perspective. A knowledge translation issue emerges [15–17], as such profes-
sionals will need to employ the best fitting tools and facilitators to exchange, share, 
and create new knowledge in the patient’s best interest. In doing so, several facilita-
tors can be used, including non-technical skills like leadership, teamwork, and the 
ability to communicate [18, 19].

The second area involves the patients’ world, which comprises not only the 
patient and the family or caregiver but a wider ecosystem which also encompasses 
the patient’s associations, other no-profit entities supporting the patients, the local 
bodies, and the ethical committees. In a patient-centric approach to care, the patients 
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Fig. 13.1 An integrated stakeholders model. (Source: Authors’ elaboration)

are required to actively participate in the co-design of their oncological care. Shared- 
decision making [20] requires clinicians to “speak less and listen more” [21] to 
address the patients’ wishes, aims, and feelings. Moreover, patient engagement and 
co-production dynamics [14, 22, 23] should be stimulated to increase the treatment 
outcomes and patients’ satisfaction [24, 25].

The third area concerns those stakeholders involved in the educational and 
research arena. Such stakeholders have a great responsibility in the management of 
innovation by employing experimental trials [15, 26, 27] and tailored approaches 
[28]. Moreover, medical schools should translate such new clinical and organisa-
tional approaches into their modules for undergraduate students and residents, but 
also in the lifelong learning journeys of physicians.

Last but not least, the fourth area is represented by the private industry. Biotech 
companies, pharmaceutical multinationals and R&D firms, and tech providers can 
be game-changers when it comes to new treatments and care. While their relation-
ships with clinical institutions are vital, they may carry on relevant investments in 
new drugs or care paradigms. Innovation may also come in the delivery and follow-
 up phases through new technologies, like in the case of telemedicine [29–32], which 
would allow patients to receive monitoring and care in the cozy and safe environ-
ment of their residences, or while in nursing homes or hospices.

Figure 13.2 Reports the main topics connected to the four areas.
The aim of the chapter is to test the model by reaching an expert consensus 

through a Delphi survey.
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 Methodology

A Delphi survey [33] has been designed starting from the recent literature on health-
care organisation science, stakeholders’ engagement [14], knowledge translation 
[16], and non-technical skills [19, 34–36].

The Delphi survey was conceived in English and then translated into Italian. The 
survey in both languages is reported in Appendix 1.

The experts included in the panel were gathered from the Executive Master of 
Strategic Management and Leadership of Healthcare Organization (Executive 
Master in Management strategico e Leadership delle Organizzazioni Sanitarie  - 
EMMLOS) carried on by the University of Pavia, Lombardy, Italy. All the partici-
pants have executive roles in primary healthcare institutions within the Lombardy 
Region (21 panelists) and Pidemont Region (3 panelists), ranging from general to 
clinical and administrative directorship.

The Delphi survey included some descriptive statistics and four sections, namely 
the organisational factors (14 items), the stakeholders (18 items), the non-technical 
skills (1 + 16 items), and the processes and knowledge translation facilitators (32 
items). All items had to be voted by the expert panel on a scale from 1 (not impor-
tant) to 9 (very important). A positive consensus (inclusion) was gathered for those 
items voted with a mean of over 7. A negative consensus (exclusion) was defined for 
those items voted with a mean of 3 or below. Another round of discussion had to be 
made for those items voted from 3.1 to 6.9 as the average.

The Delphi survey was conducted in June, 2022 using Google Forms, and con-
sensus was reached through two Delphi rounds. 24 fully filled questionnaires were 
gathered, with a 100% response rate in both rounds.
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 Results

 Section 0. Descriptive Statistics

Out of 24 participants, 13 (54% of the sample) declared a business and management 
background, 5 (20%) a clinical background, and 2 of them a legal background. The 
remaining four participants claimed a different field of education (engineering, 
ICT, …).

The following Table 13.1 lists the roles covered by panelists.
Among the gender, 14 participants were men and the remaining 10 women.
Regarding the age, the most declared ranges were 41 to 50 (10 participants) and 

51 to 60 (10 participants). Two participants were under 40, and two were over 60.

 Section 1. Organisational Factors

Table 13.2 reports the results of section. 1—Organisational factors.
Out of 14 items, a positive consensus (inclusion) was reached for 11 of them in 

round 1. Among the most voted items, the participants recognised the most signifi-
cant importance of sharing knowledge and cases within the network of Pancreas 
Units, the presence of a case manager, and covering the entire patient’s journey, 
from the early diagnosis to the complete healing or end-of-life care.

Three items were brought to Round 2 for discussion. In particular, the partici-
pants discussed the importance of having dedicated spaces for the Unit. In the end, 
the panel agreed on having spaces for the patients (reception and welcoming, …), 

Table 13.1 Panelists’ role

Role Number of panelist

Manager
(areas: Purchasing department 2, higher education 1, 
institutional relations 1)

4

Administrative director 3
General director 3
Clinical director 3
Social and Healthcare director 3
Engineering manager 3
Medical doctor 2
Healthcare professions director 1
Analysist 1
Human resource director 1
Total 24

Source: Authors’ elaboration
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Table 13.2 Section 1—Organisational factors

Items Results Round 1 Results Round 2

Organising frequent meetings among 
multidisciplinary clinical professionals

7.67 Inclusion

The presence of metrics/KPI assessing all 
steps of the patient journey

7.00 Inclusion

Having spaces fully dedicated to the 
pancreas unit

5.46 Discussion 
round 2

Inclusion when it comes to 
dedicated spaces for the 
patients - exclusion when it 
comes to clinical spaces

Defining team leaders for each clinical 
and organisational function

7.67 Inclusion

Using new technologies in managing 
collaboration and work relations within 
the unit’s staff

7.29 Inclusion

Using new technologies in managing the 
relations with the patients

7.00 Inclusion

Sharing knowledge, cases, … with other 
pancreas units

8.71 Inclusion

Disseminate knowledge by being present 
on the local press

4.67 Discussion 
round 2

Exclusion

Disseminate knowledge by being present 
on social media

5.83 Discussion 
round 2

Exclusion

Defining multidisciplinary clinical 
training paths for all the unit’s staff 
members

7.96 Inclusion

Defining multidisciplinary management/
organisational training paths for all the 
unit’s staff members

7.46 Inclusion

Integrating data across clinical and 
administrative unit

7.38 Inclusion

Introducing “case managers”, in charge 
to follow the patient & the case over 
different clinic departments/expertise

8.46 Inclusion

Covering all the patient journey, in an 
“extended view”, starting from 
prevention (whenever possible) and early 
diagnosis

8.54 Inclusion

Source: Authors’ elaboration

especially in the context of a Hub. They excluded the presence of joint spaces to 
carry on the clinical activities, mainly due to their technical content and the need to 
use specific medical equipment.

In Round 2, participants discussed the importance of disseminating the Pancreas 
Unit’s activities and events on the local press and social media networks. The panel 
excluded both items because of the technical content of the matter and the absence 
of prevention activities to be brought to the attention of citizens.
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 Section 2. Stakeholders

Table 13.3 reports the results of Section 2—Stakeholders.
Among the stakeholders, half of the items (9 out of 18) got a positive consensus 

on Round 1. The highest agreement was gathered for the involvement of more “tra-
ditional” and “non-traditional” multidisciplinary clinical professionals, the patients, 
the partner institutions, and other Pancreas Units belonging to the network.

Nine items were discussed in Round 2. Most of them were included, with the 
exception of the companies active in the media field. Concerning the involvement of 
other public bodies, the participants underlined the need to select those institutions 
closer to the healthcare mission.

Table 13.3 Section 2—Stakeholders

Items Results Round 1 Results Round 2

Involving traditional clinical professionals 
(e.g., surgeons, oncologists, radiation 
therapists, palliative care specialists, …)

8.33 Inclusion

Involving non-traditional clinical professionals 
(physiotherapists, psychologists, …)

8.38 Inclusion

Involving clinicians from partner institutions 
according to a hub/spokes model

8.17 Inclusion

Involving the patient 8.50 Inclusion
Involving the patient’s family 7.83 Inclusion
Involving the patients’ associations 7.50 Inclusion
Involving other NGOs or no-profit entities 6.67 Discussion 

round 2
Inclusion

Involving other public sector entities 6.25 Discussion 
round 2

Inclusion only for 
specific bodies

Involving ethical committees 6.92 Discussion 
round 2

Inclusion

Involving clinicians from international 
institutions

6.96 Discussion 
round 2

Inclusion

Involving scientific societies 6.79 Discussion 
round 2

Inclusion

Involving other pancreas units 8.13 Inclusion
Involving pure research institutions and 
universities

7.67 Inclusion

Involving private firms/companies active in the 
pharma sector

6.83 Discussion 
round 2

Inclusion

Involving private firms/companies active in the 
biotech sector

7.29 Inclusion

Involving private firms/companies active in the 
surgical technology sector

6.96 Discussion 
round 2

Inclusion

Involving private firms/companies active in the 
media sector

5.33 Discussion 
round 2

Exclusion

Involving colleagues characterised by diverse 
features

6.88 Discussion 
round 2

Inclusion

Source: Authors’ elaboration
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 Section 3. Non-technical Skills

Table 13.4 reports the results of section 3—Non-technical skills.
Concerning the non-technical skills, the panel agreed on their importance in 

Round 1. Assessing the specific 16 items, a positive consensus was gathered for 14 
of them, and the remaining two (copying with fatigue and multicultural ability) 
were included after a short discussion in Round 2. Interesting enough, the item with 
the highest positive consensus was Teamwork (8.58/9).

 Section 4. Processes and Knowledge translation Facilitators

Table 13.5 reports the results of section 4—Processes and knowledge translation 
facilitators.

Among the 32 items belonging to the processes and knowledge translation facili-
tators, 22 of them received a positive consensus in Round 1, 2 of them received a 
negative consensus, and 8 of them were discussed in Round 2. Among the most 
voted items, we may mention co-production and the establishment of mixed teams 
(8.38/9) and lessons learned and best practices (8.21/9). The panel excluded the use 
of tensions and prototyping (considered out of context).

Table 13.4 Section 3—Non-technical skills

Items Results Round 1 Results Round 2

Non-technical or soft skills in general terms 7.83 Inclusion
Decision-making 8.21 Inclusion
Coping with fatigue 6.63 Discussion 

round 2
Inclusion

Communication 7.46 Inclusion
Leadership 7.50 Inclusion
Situational awareness 7.63 Inclusion
Managing stress 7.29 Inclusion
Team working 8.58 Inclusion
Ideas creation ability 7.13 Inclusion
Coordination ability 8.08 Inclusion
Multicultural ability 6.79 Discussion 

round 2
Inclusion

Planning ability 7.13 Inclusion
Learning ability 7.75 Inclusion
Professionalism 7.58 Inclusion
Information management ability 7.54 Inclusion
Agility 7.29 Inclusion
Ethics 8.17 Inclusion

Source: Authors’ elaboration
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Table 13.5 Section 5—Processes and knowledge translation facilitators

Items Results Round 1
Results 
Round 2

The pathogenesis and mechanisms behind diseases 7.92 Inclusion
Mobile electronic medical records and online tools 7.96 Inclusion
Design 6.88 Discussion 

round 2
Inclusion

Web portals 6.38 Discussion 
round 2

Inclusion

Image tagging 7.63 Inclusion
Lesson learned and best practices 8.21 Inclusion
Tours to share experiences with others 6.83 Discussion 

round 2
Inclusion

Committees and meetings 6.29 Discussion 
round 2

Inclusion

Journal publications 6.75 Discussion 
round 2

Inclusion

In-person visit and talking 7.13 Inclusion
Establishment of mixed teams 8.38 Inclusion
Co-production 8.38 Inclusion
Leaflets and brochures 7.04 Inclusion
Training 7.83 Inclusion
Clinical cases 8.17 Inclusion
Clinical guidelines 7.96 Inclusion
Use of interpersonal skills 8.17 Inclusion
Discussions, debates, curiosity 6.33 Discussion 

round 2
Inclusion

New technological tools 7.50 Inclusion
Mentoring and leadership 7.33 Inclusion
Testimonials 7.25 Inclusion
Engaging with the patient’s family 7.42 Inclusion
Empowerment 7.88 Inclusion
Tensions 3.00 Exclusion
Community of practice 6.88 Discussion 

round 2
Inclusion

Multidisciplinary people (e.g., Degree in medicine + 
IT)

7.38 Inclusion

Use of evidence-based methods 7.79 Inclusion
Quality assessment by stakeholders 7.79 Inclusion
Prototyping 3.00 Exclusion
Simulations 6.83 Discussion 

round 2
Inclusion

Self-assessment 7.00 Inclusion
Use of a simple language 7.42 Inclusion

Source: Authors’ elaboration
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 Discussion

The Lombardy region in Italy started to rule the creation of formalised Pancreas 
Unit in early 2022, with the aim of improving the care of one of the worst cancers. 
A multidisciplinary approach to care sees the involvement of a variety of clinical 
professionals with different roles and the engagement of an association of patients 
to ensure the quality of standards not only in the clinical outcomes but also in the 
general wellbeing of patients undertaking such a challenging path.

The need to go beyond the mandatory inputs of the regulation XI/6241 [13] trig-
gered the creation of a Delphi panel to survey healthcare managers operating in the 
Lombardy region. The questionnaire sought expert consensus on four different key 
strategic themes, namely organisational factors, stakeholder engagement, non- 
technical skills, and processes and knowledge translation facilitators.

Consensus about the importance of most items identified in the key areas was 
reached during Round 1. Still, different opinions emerge.

Among the organisational factors, participants recognised the strategic role of 
knowledge sharing among the Pancreas Units operating in the regional network. In 
accordance with the aims stated in the regulation XI/6241, the experts underlined 
the importance of joining forces within the network, sharing data and experiences, 
and analysing aggregated data about the clinical results. The expert consensus on 
such a strategic topic leads to the need to set up and formalise adequate procedures 
to facilitate the exchange of information and the creation of new knowledge. The 
patient-centric approach stated by the regional regulation was well-received by the 
experts, who underlined the importance of a case manager following all the steps 
with the patient, and the need for a complete journey, from the diagnosis to the 
follow- ups and eventual end-of-life care. Even in this case, setting up procedures 
and a sound training program for the case managers looks vital, as those case man-
agers (nurses) will need to support the patient on a very tough journey. Still, accord-
ing to the experts, the role of the Pancreas Unit remains technical. Therefore, the 
technical content can hardly be linked to the use of press or social media to dissemi-
nate information. Still, in a world which sees an increasing digitalisation and the 
search for medical information and tips through the use of “Dr. Google” [37, 38], 
the potential of clinical-related content disseminated via the web remains a “hot” 
topic in the current scenario. The technical approach led to the exclusion of com-
mon spaces devoted only to the Pancreas Unit’s clinical activities. Still, the experts 
agree on the importance of setting up “welcoming” areas for patients, especially in 
hubs. As in other studies grabbed from the oncological literature [14, 39], the 
“visual” effect remains influential in guiding patients through their journey.

Regarding the second key area, that of stakeholders, the experts agreed on the 
importance of engaging a variety of different actors within an open ecosystem. 
Although almost all the stakeholders reported in the model got a positive consensus, 
priorities are different, as some actors were considered more relevant or strategic 
than others. Going beyond some “natural” options like the patients, attention was 
paid, for example, to the importance of having in the care team less “traditional” 
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clinical professionals like psychologists and physiotherapists, as reported in other 
studies [25]. Again, networking among the Pancreas Units is seen as the best strat-
egy to enhance the outcome of the initiative. Therefore, the need for dedicated tools 
and procedures should be on the agenda of policymakers.

Concerning the non-technical skills theme, general interest emerges, with team-
work appearing as the top-rated soft competence. Given the nature of non-technical 
skills, which can hardly be learned but fostered [34], particular attention should be 
paid by hospital managers and policymakers (especially those operating in hubs) to 
set up the teams while establishing the Pancreas Unit. Although the assessment of 
such non-technical skills may be challenging, their crucial role in the success of the 
initiative must be acknowledged. The formal establishment of Pancreas Units 
should, therefore, reward those clinical professionals more in line with the needed 
soft skills—especially teamwork, decision-making, coordination, and ethics.

The last area allowed the experts to raise their voices about the most valuable 
knowledge translation tools to facilitate the work of clinicians in the management of 
their multidisciplinary teams, the relationship with the patients and the other mean-
ingful stakeholders. The technical content of the matter led the experts to concen-
trate more on equally specialised tools, like case studies and best practices. Still, 
co-production dynamics emerge as equally valuable, but they must be accompanied 
by dedicated procedures and facilitators. Training was rated as a central strategy to 
bridge the competencies and knowledge gaps.

 Conclusions

In concluding our work, we wish to recall the premise that inspired it. The formal 
establishment of a network of recognised Pancreas Units in the Lombardy region of 
Italy poses a series of open issues to be addressed. Employing a Delphi survey 
among some multidisciplinary healthcare managers operating in the same region, 
we sought an expert consensus on the most relevant topics. All in all, our results 
depict a busy agenda for policymakers in setting up the “rules of the game” to get 
the best out of such a valuable initiative, which has the aim and the potential to 
improve the care of one of the worst cancer worldwide. Our study underlines, there-
fore, some practical implications and “food for thought” for healthcare managers 
and policymakers engaged in the matter.

As with all pieces of research, ours is not without limitation. Although relevant, 
our sample size is rather small and self-selected through the participation of the 
experts as executive students of the EMMLOS course within the University of 
Pavia. Given the importance of the topic in terms of clinical and organisational 
issues, more experts should be enquired to foster the dialogue at a national and 
international level. Such a limitation may represent a valuable future research 
avenue.Authors’ ContributionsFD and LC conceived the idea of the study; PP, FD, 
SD, StCa and LC wrote the reserch protocol; FD, SD and LC took care of data col-
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 Appendix 1

 Delphi Protocol (English Version)

 Section 0—Descriptive Statistics

 1. What is your background?

 (a) Business/management.
 (b) Law.
 (c) Clinical.
 (d) Other.

 2. What is your role?

 (a) General Director.
 (b) Scientific Director.
 (c) Medical Director.
 (d) Administrative Director.
 (e) Physician/GP.
 (f) Manager.
 (g) Other.

 3. What is your gender?

 (a) Male.
 (b) Female.
 (c) Prefer not to answer.

 4. What is your age group?

 (a) Under 40.
 (b) 41 to 50
 (c) 50 to 60
 (d) Over 60.

 5. Do you agree to be an author in the scientific publication(s) reporting the Delphi 
results?

 (a) Yes.
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 Section 1—Organisational Factors (14 Items)

In a pancreas unit, how would you rate the importance of the 
following items from 1 to 9, where:
1 = not important at all
9 = very important
when it comes to the organisational factors in pancreatic cancer care

Importance

1 2 3 4 5 6 7 8 9

1 Organising frequent meetings among multidisciplinary 
clinical professionals

2 The presence of metrics/KPI assessing all steps of the 
patient journey

3 Having spaces fully dedicated to the pancreas unit
4 Defining team leaders for each clinical and organisational 

function
5 Using new technologies in managing collaboration and 

work relations within the unit’s staff
6 Using new technologies in managing the relations with 

the patients
7 Sharing knowledge, cases, … with other pancreas units
8 Disseminate knowledge by being present on the local 

press
9 Disseminate knowledge by being present on social media
10 Defining multidisciplinary clinical training paths for all 

the unit’s staff members
11 Defining multidisciplinary management/organisational 

training paths for all the unit’s staff members
12 Integrating data across clinical and administrative unit
13 Introducing “case managers”, in charge to follow the 

patient & the case over different clinic departments/
expertise

14 Covering the all patient journey, in an “extended view”, 
starting from prevention (whenever possible) and early 
diagnosis

 Section 2—Stakeholders (18 Items)

In a pancreas unit, how would you rate the importance of the 
following items from 1 to 9, where:
1 = not important at all
9 = very important
when it comes to stakeholders’ engagement in pancreatic cancer care

Importance

1 2 3 4 5 6 7 8 9

1 Involving traditional clinical professionals (e.g. surgeons, 
oncologists, radiation therapists, palliative care 
specialists, …)

2 Involving non-traditional clinical professionals 
(physiotherapists, psychologists, …)
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In a pancreas unit, how would you rate the importance of the 
following items from 1 to 9, where:
1 = not important at all
9 = very important
when it comes to stakeholders’ engagement in pancreatic cancer care

Importance

1 2 3 4 5 6 7 8 9

3 Involving clinicians from partner institutions according to 
a hub/spokes model

4 Involving the patient
5 Involving the patient’s family
6 Involving the patients’ associations
7 Involving other NGOs or no-profit entities
8 Involving other public sector entities
9 Involving ethical committees
10 Involving clinicians from international institutions
11 Involving scientific societies
12 Involving other pancreas units
13 Involving pure research institutions and universities
14 Involving private firms/companies active in the pharma 

sector
15 Involving private firms/companies active in the biotech 

sector
16 Involving private firms/companies active in the surgical 

technology sector
17 Involving private firms/companies active in the media 

sector
18 Involving colleagues characterised by diverse features

 Section 3—Non-technical Skills (1 + 16 Items)

In a pancreas unit, how would you rate the importance of non- 
technical or soft skills from 1 to 9, where:
1 = not important at all
9 = very important
when it comes to pancreatic cancer care

Importance

1 2 3 4 5 6 7 8 9

1 Non-technical or soft skills in general terms

In a pancreas unit, how would you rate the importance of the 
following items from 1 to 9, where:
1 = not important at all
9 = very important
when it comes to non-technical skills in pancreatic cancer 
care

Importance

1 2 3 4 5 6 7 8 9

1 Decision-making
2 Coping with fatigue
3 Communication
4 Leadership
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In a pancreas unit, how would you rate the importance of the 
following items from 1 to 9, where:
1 = not important at all
9 = very important
when it comes to non-technical skills in pancreatic cancer 
care

Importance

1 2 3 4 5 6 7 8 9

5 Situational awareness
6 Managing stress
7 Team working
8 Ideas creation ability
9 Coordination ability
10 Multicultural ability
11 Planning ability
12 Learning ability
13 Professionalism
14 Information management ability
15 Agility
16 Ethics

 Section 4—Processes and Knowledge Translation Facilitators (32 Items)

In a pancreas unit, how would you rate the importance of the 
following items from 1 to 9, where:
1 = not important at all
9 = very important
when it comes to facilitators in pancreatic cancer care

Importance

1 2 3 4 5 6 7 8 9

1 The pathogenesis and mechanisms behind 
diseases

2 Mobile electronic medical records and online 
tools

3 Design
4 Web portals
5 Image tagging
6 Lesson learned and best practices
7 Tours to share experiences with others
8 Committees and meetings
9 Journal publications
10 In-person visit and talking
11 Establishment of mixed teams
12 Co-production
13 Leaflets and brochures
14 Training
15 Clinical cases
16 Clinical guidelines
17 Use of interpersonal skills
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In a pancreas unit, how would you rate the importance of the 
following items from 1 to 9, where:
1 = not important at all
9 = very important
when it comes to facilitators in pancreatic cancer care

Importance

1 2 3 4 5 6 7 8 9

18 Discussions, debates, curiosity
19 New technological tools
20 Mentoring and leadership
21 Testimonials
22 Engaging with the patient’s family
23 Empowerment
24 Tensions
25 Community of practice
26 Multidisciplinary people (Eg. Degree in 

medicine + IT)
27 Use of evidence-based methods
28 Quality assessment by stakeholders
29 Prototyping
30 Simulations
31 Self-assessment
32 Use of a simple language

Delphi protocol (Italian version)

 Sezione 0—Statistiche Descrittive

 1. Qual è il Suo background formativo?

 (a) Economia/Amministrazione.
 (b) Diritto/Giurisprudenza.
 (c) Medicina.
 (d) Altro.

 2. Qual è il Suo attuale ruolo lavorativo?

 (a) Direttore Generale.
 (b) Direttore Scientifico.
 (c) Direttore Sanitario.
 (d) Direttore Amministrativo.
 (e) Medico/Medico di base.
 (f) Funzionario.
 (g) Altro.
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 3. Qual è il suo genere?

 (a) Uomo.
 (b) Donna.
 (c) Preferisco non rispondere.

 4. Qual è la sua fascia di età?

 (a) Under 40.
 (b) Da 41 a 50.
 (c) Da 50 a 60.
 (d) Over 60.

 5. Presta il proprio consenso ad essere autore delle pubblicazioni che riporteranno 
i risultati del Delphi?

 (a) Si.

 Sezione 1—Fattori Organizzativi (14 Elementi)

In una pancreas unit, come valuterebbe l’importanza dei seguenti 
elementi da 1 a 9, dove:
1 = per niente importante
9 = molto importante
quando si tratta di fattori organizzativi nella cura del cancro del 
pancreas?

Importanza

1 2 3 4 5 6 7 8 9

1 Organizzare riunioni frequenti tra professionisti clinici di 
ambito multidisciplinare

2 La presenza di metriche che valutino tutte le fasi del percorso 
del paziente

3 La disponibilità spazi completamente ed. esclusivamente 
dedicati alle attività della pancreas unit

4 La definizione Dei team leader per ogni funzione clinica e 
organizzativa

5 L’utilizzo delle nuove tecnologie nella gestione della 
collaborazione e Dei rapporti di lavoro all’interno del 
personale della pancreas unit

6 L’utilizzo delle nuove tecnologie nella gestione delle 
relazioni con i pazienti

7 La condivisione di conoscenza, casi, dati … con le altre 
pancreas unit

8 La diffusione della conoscenza attraverso la presenza sulla 
stampa locale

9 La diffusione della conoscenza attraverso la presenza sui 
social media

10 La definizione di percorsi di formazione clinica 
multidisciplinare per tutto il personale Dei reparti coinvolti 
nella pancreas unit
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In una pancreas unit, come valuterebbe l’importanza dei seguenti 
elementi da 1 a 9, dove:
1 = per niente importante
9 = molto importante
quando si tratta di fattori organizzativi nella cura del cancro del 
pancreas?

Importanza

1 2 3 4 5 6 7 8 9

11 La definizione di percorsi multidisciplinari di formazione 
manageriale/organizzativa per tutto il personale della 
pancreas unit

12 L’integrazione Dei dati tra l’unità clinica e quella 
amministrativa

13 La presenza di “case manager”, incaricati di seguire il 
paziente in diversi reparti/competenze cliniche

14 Coprire l’intero percorso clinico del paziente, in una visione 
estesa, a partire dalla prevenzione (quando possibile) e dalla 
diagnosi precoce

 Sezione 2—Portatori Di Interesse (18 Elementi)

In una pancreas unit, come valuterebbe l’importanza dei seguenti 
elementi da 1 a 9, dove:
1 = per niente importante
9 = molto importante
quando si tratta del coinvolgimento dei vari portatori di interesse nella 
cura del cancro del pancreas?

Importanza

1 2 3 4 5 6 7 8 9

1 Coinvolgere professionisti clinici “tradizionali” (es. 
Chirurghi, oncologi, radioterapisti, specialisti in cure 
palliative, …)

2 Coinvolgere professionisti clinici “non tradizionali” 
(fisioterapisti, psicologi, …)

3 Coinvolgere i medici afferenti alle istituzioni partner 
secondo un modello hub/spokes

4 Coinvolgere il paziente
5 Coinvolgere i familiari del paziente
6 Coinvolgere le associazioni Dei pazienti
7 Coinvolgere altre associazioni o enti no-profit
8 Coinvolgere altri enti afferenti al settore pubblico/pubblica 

amministrazione
9 Coinvolgere i comitati etici
10 Coinvolgere medici e professionisti di istituti internazionali 

d’eccellenza
11 Coinvolgere le società scientifiche
12 Coinvolgere le altre pancreas unit
13 Coinvolgere gli istituti di ricerca di base e le università
14 Coinvolgere aziende/società private attive nel settore 

farmaceutico
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In una pancreas unit, come valuterebbe l’importanza dei seguenti 
elementi da 1 a 9, dove:
1 = per niente importante
9 = molto importante
quando si tratta del coinvolgimento dei vari portatori di interesse nella 
cura del cancro del pancreas?

Importanza

1 2 3 4 5 6 7 8 9

15 Coinvolgere imprese/società private attive nel settore 
biotech

16 Coinvolgere imprese/società private attive nel settore delle 
apparecchiature chirurgiche

17 Coinvolgere imprese/società private attive nel settore Dei 
media e comunicazione

18 Coinvolgere professionisti caratterizzati da “diversity” (es. 
Diverse nazionalità, culture, competenze, background 
formativo, età, religione, orientamento sessuale, …)

 Sezione 3—Competenze Trasversali (1 + 16 Elementi)

In una pancreas unit, come valuterebbe l’importanza delle c.d. 
competenze trasversali o “soft skills” da 1 a 9, dove:
1 = per niente importante
9 = molto importante
nella cura del cancro del pancreas?

Importanza

1 2 3 4 5 6 7 8 9

1 Competenze trasversali o “soft skills” in 
termini generali

In una pancreas unit, come valuterebbe l’importanza dei seguenti 
elementi da 1 a 9, dove:
1 = per niente importante
9 = molto importante
quando si tratta della presenza di competenze trasversali nella cura del 
cancro del pancreas?

Importanza

1 2 3 4 5 6 7 8 9

1 Capacità di gestire in modo efficace il processo 
decisionale clinico

2 Affrontare la fatica e la stanchezza
3 Capacità di comunicare in maniera efficace
4 Doti di leadership
5 Capacità di prendere consapevolezza della situazione
6 Gestire lo stress
7 Lavorare in gruppo
8 Capacità di avere nuove idee
9 Capacità di coordinamento
10 Abilità nella gestione della multiculturalità
11 Capacità di pianificazione
12 Capacità di apprendimento
13 Professionalità nella gestione
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In una pancreas unit, come valuterebbe l’importanza dei seguenti 
elementi da 1 a 9, dove:
1 = per niente importante
9 = molto importante
quando si tratta della presenza di competenze trasversali nella cura del 
cancro del pancreas?

Importanza

1 2 3 4 5 6 7 8 9

14 Capacità di gestione dati e informazioni
15 Agilità
16 Etica

 Sezione 4—Processi E Strumenti Di Traduzione Della Conoscenza 
(32 Elementi)

In una pancreas unit, come valuterebbe l’importanza dei seguenti 
elementi da 1 a 9, dove:
1 = per niente importante
9 = molto importante
quando si tratta della presenza di fattori che possano facilitare la cura 
del cancro del pancreas?

Importanza

1 2 3 4 5 6 7 8 9

1 La comprensione delle caratteristiche cliniche della 
patologia

2 Cartelle mediche elettroniche e altri strumenti online
3 Disegni, vignette, fotografie e altri elementi grafici
4 Portali web
5 Imaging
6 Casi e best practices
7 Visite presso altri istituti
8 Istituzione di comitati tecnici
9 Pubblicazioni scientifiche
10 Incontri in presenza
11 Definizione di team e gruppi di lavoro multidisciplinari
12 Coproduzione nel rapporto medico/paziente
13 Opuscoli e altro materiale informativo
14 Corsi di formazione
15 Presentazione e discussion di casi clinici
16 Linee guida cliniche
17 Uso delle competenze trasversali
18 Discussioni, dibattiti, curiosità
19 Nuovi strumenti tecnologici
20 Tutoraggio e leadership
21 Testimonianze da parte di altri studiosi
22 Coinvolgimento delle famiglie Dei pazienti
23 Condivisione delle responsabilità (empowerment)
24 Gestione Dei paradossi
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In una pancreas unit, come valuterebbe l’importanza dei seguenti 
elementi da 1 a 9, dove:
1 = per niente importante
9 = molto importante
quando si tratta della presenza di fattori che possano facilitare la cura 
del cancro del pancreas?

Importanza

1 2 3 4 5 6 7 8 9

25 Communities of practices di supporto
26 Presenza di personale con attitudini multidisciplinari 

(es. Laurea in medicina + informatica)
27 Uso di metodi basati sull’evidenza (evidence-based)
28 Procedure di monitoraggio della qualità del servizio
29 Prototipazione
30 Simulazioni
31 Autovalutazione (self-assessment)
32 Uso di un linguaggio semplice/non tecnico
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Chapter 14
Dr Surgeon & Mr. Manager:  
The Hybrid Role of Surgeons

Helena Biancuzzi, Francesca Dal Mas , and Jacopo Martellucci 

 Introduction

New Public Management (NPM) is generally considered to be the driving force 
behind the largest public sector reform agenda [1], although its spread has not been 
homogeneous across countries. It is possible, in fact, to classify the different  realities 
as “core- NPM countries” (USA, United Kingdom, and Australia) and “NPM -lag-
gard countries” (among others, Germany, Italy, and other southern European coun-
tries) [2]. Some authors add a third group, which actually coincides with the “Bric” 
countries (Brazil, Russia, India, China) [3].

The public sector has, however, been neglected by the scholars of Human 
research management (HRM), and more generally by those of management, espe-
cially when compared with the private sector, and specifically that of firms and 
corporations [4]. This led, even within the overall reform plan, to the uncritical 
adoption of abstract HRM models, not sufficiently robust to grasp the peculiar char-
acteristics of public administrations, with often negative repercussions for organisa-
tions [3]. This has happened, in particular, since the 1990s, when the governments 
of almost all advanced economies, starting with the United Kingdom, have initiated 
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major structural reforms aimed at making bureaucratic organisations more efficient. 
The management of human resources, like all managerial processes [5], cannot, in 
fact, ignore the specific context of reference (contingency perspective) which, in the 
case of the public administration, presents strong levels of bureaucracy and the tech-
nicality of the processes, on the one hand, and, as a consequence, sees the use of 
highly specialised figures, not infrequently placed in managerial roles, on the other. 
Moreover, the rigid access rules and career rules typical of the public administration 
have led to a specific physiognomy of human resources [6], which today appear as 
a monolithic reality. It is, in fact, a professional body with wide margins of decision- 
making autonomy [7], which has ended up occupying specific enclaves of power, 
experienced as self-referential quasi-organisations [8], resistant to change [9].

The scarce contextualisation of the models of management and development of 
human resources, associated with the strong characterisation of the professionalism 
present in the public sphere, leads to the question of what was, in practice, the sub-
stantial effectiveness of the innovations introduced by the NPM and, more gener-
ally, by those related to the modernisation of the public sector.

All this, also in consideration of two further reasons. For almost 20 years now, 
the strong powers (and, with them, those of the bureaucracy professionals) have 
been under increasing pressure from service users [10] from new management figs 
[3, 11], politicians, and the media. Moreover, the results of some pieces of research 
show, with increasing evidence, that NPM policies have led to periods of austerity, 
with limited budget allocation for management training, decision support, work by 
objectives and communication policies. Still, such concepts are widely recognised 
as fundamental pillars of change [12].

In most European countries, National Healthcare Systems (NHS) operate under 
the public management rules and umbrella. For such a reason, they need to reply to 
those regulations and policies set for the public administration in terms of budget 
allocation, results and outcomes, recruitment, HRM, salaries, and so on.

In NHSs, as well as in the public administration in general terms, new professional 
figures emerge under the name of hybrid managers (HMs). An HM is a highly techni-
cal professional called to manage more or less complex organisational units within a 
public administration with the task of interpreting and governing change in a manage-
rial sense. An HM should, therefore, employ not only his/her professional role but 
also that of a manager with expertise and skills in administrative and organisational 
topics [13]. The concept of HM also applies to medical doctors, especially those in 
charge of a unit or department. While clinical department chiefs are usually appointed 
because of their medical expertise in the subject matter, they are required to hold 
managerial roles, too, in terms of budgeting, investments, hiring, HRM, team dynam-
ics, reporting, and so on, needing to make decisions other than clinical, participating 
into management committees and meetings, and so on. Such a hybrid role may end 
up in some chief medical doctors being highly qualified as physicians but not as man-
agers, with a misalignment of the required skills to be a good management executive.

This chapter employs a structured literature review [14], on the role and char-
acteristics of HMs within the healthcare sector. Physicians and surgeons, as HMs, 
are now required to possess skills which may be far from those in which they were 
trained. The aim of the chapter is to address the following Research Questions (RQs):
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RQs: What are the managerial skills required of healthcare professionals, and 
especially surgeons, after the NPM reforms? What are the impacts of these new 
skills required? What are the difficulties and potentialities resulting from this change?

 Methodology

This chapter employs a structured review protocol like the one described by Massaro 
and colleagues [14]. Starting from the meaningful literature on HMs in the health-
care sector, the goal is to identify what managerial skills are gradually required for 
health professionals, especially medical chiefs. Specifically, we want to investigate 
what are the impacts of these necessary new skills on the work of physicians and 
surgeons, the difficulties and perplexities that emerge from the reform period, and 
what are the possible strengths and opportunities for improvement.

In order to select and analyse the meaningful literature on the topic, the Scopus- 
Elsevier database was used, representing the largest database of abstracts and cita-
tions of peer-reviewed literature in the fields of science, technology, medicine, 
social sciences, arts and humanities [15].

More in detail on the search techniques, Scopus-Elsevier was questioned by key-
words in the fields “Title, Abstract and Keywords”. The search algorithm included 
the terms “hybrid”, “manager”, and “healthcare”. The search, performed in the 
month of June 2022, returned 109 document results. To further refine the search, 
only journal articles written in English were selected, thus eliminating other sources 
like conference proceedings, books, and book chapters. The new search led to 82 
document results. All 82 abstracts were retrieved, read, and analysed. In such a 
phase, the work grid became even more selective by identifying only those articles 
that expressly examined HMs’ role in the health sector, describing the impacts, 
perceptions, and effects generated by the NPM reform. Particular attention was paid 
to the interventions that emerged in the field of surgery. In the end, 14 papers were 
selected and included in the analysis.

Fig. 14.1 reports the identification and selection process according to the 
PRISMA methodology [16–18].

The list of selected articles is reported in Table 14.1.
The selected articles were coded and analysed using the Nvivo software (version 

12), following a specially identified framework, which included the following 
variables:

 1. Year of publication, in order to analyse the chronological development of the 
literature on the subject under investigation;

 2. Geographical area analysed, aimed at verifying how the phenomenon has spread 
geographically (for example, the trend in the diffusion of contributions in the 
first movers’ countries of the NPM reforms compared to the distribution in other 
countries);

 3. Declared impacts;
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Scopus Search Key TITLE-
ABS-KEY (hybrid AND manager
AND healthcare )
Records identified from Scopus
(n = 109)

Records screened according to
the Scopus Search Key TITLE
-ABS-KEY (hybrid AND manager
AND healthcare) AND (LIMIT-TO
(DOCTYPE. "ar")) AND (LIMIT-
TO (LANGUAGE. "English"))
AND (LIMIT-TO (SRCTYPE, "j"))
(n = 82)

Reports not retrieved (n = 0)

Identification of studies

Reports assessed for eligibility
(n =14)

Studies included in review (n = 14)

Source: Authors’ elaboration

In
cl
u
d
ed

S
cr
ee

n
in
g

Id
en

ti
fi
ca

ti
o
n

Reports excluded
Not addressing our RQs or off
topic (n = 68)

Records removed before
screening:
Duplicate records removed (n = 0)
Records marked as ineligible by
automation tools (n = 0 )
Records removed for other
reasons (n = 0)

Fig. 14.1 The selection process of studies. Source: Authors’ elaboration

 4. New skills required;
 5. Emerging difficulties;
 6. Strengths/opportunities for improvement.
 7. The framework aimed to answer the research questions, focusing its attention on 

the change in the role of clinicians following the introduction of HMs.
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Table 14.1 Articles included in the sample

# Authors Journal Title Year References

1 Kuhlmann et al. BMC health 
services research

Medicine and management: 
Looking inside the box of 
changing hospital governance

2016 [19]

2 T. Forbes, 
N. Prime

Health services 
management 
research

Changing domains in the 
management process: Imaging 
services managers in the 
post-1990 National Health 
Service

2000 [20]

3 Kuhlmann et al. BMC health 
services research

“A manager in the minds of 
doctors:” a comparison of new 
modes of control in European 
hospitals

2013 [21]

4 Liz Fulop Journal of health 
organization and 
management

Leadership, clinician managers 
and a thing called “hybridity”

2012 [22]

5 Lega F., Sartirana 
M.

BMC health 
services research

Making doctors manage… but 
how? Recent developments in 
the Italian NHS

2016 [23]

6 M. S. Macinati, 
G. Cantaluppi, 
M. G. Rizzo

Health services 
management 
research

Medical managers’ managerial 
self-efficacy and role clarity: 
How do they bridge the 
budgetary participation–
performance link?

2016 [24]

7 L. Kippist, 
A. Fitzgerald

Journal of health 
organization and 
management

Organisational professional 
conflict and hybrid clinician 
managers: The effects of dual 
roles in Australian health care 
organisations

2009 [25]

8 I.Spehar et al. Journal of health 
organization and 
management

Professional identity and role 
transitions in clinical managers

2015 [26]

9 A. Morinière, 
I. Georgescu

Accounting, 
auditing and 
accountability 
journal

Hybridity and the use of 
performance measurement: 
Facilitating compromises or 
creating moral struggles? 
Insights from healthcare 
organisations

2021 [27]

10 Prenestini et al. BMC health 
services research

Involving clinicians in 
management: Assessing views 
of doctors and nurses on hybrid 
professionalism in clinical 
directorates

2021 [28]

11 Giacomelli G. Et 
al.

Health services 
management 
research

Involving hybrid professionals 
in top management decision- 
making: How managerial 
training can make the difference

2019 [29]

(continued)
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Table 14.1 (continued)

# Authors Journal Title Year References

12 Sartirana M. BMC health 
services research

Beyond hybrid professionals: 
Evidence from the hospital 
sector

2019 [30]

13 Bresnen M.Et al. Human relations Hybrid managers, career 
narratives and identity work: A 
contextual analysis of UK 
healthcare organisations

2018 [31]

14 Nzinga J. Et al. Journal of health 
organization and 
management

Hybrid clinical-managers in 
Kenyan hospitals
Navigating between 
professional, official and 
practical norms

2019 [32]

Source: Authors’ elaboration

 Results

Taking into consideration the 14 selected articles, it emerges that the first contribu-
tions come from the first mover countries, namely those where NPM was first 
implemented. Contributions from NPM-laggard countries began to appear only in 
2015. Fig. 14.2 reports the geographic distribution of studies from 2000 to 2021.

The contents of the selected documents were analysed on the basis of the inves-
tigation objectives of this work and, in particular: the declared impacts (A); the new 
skills required (B); the emerging difficulties (C); the strengths and opportunities for 
improvement identified (D). Moreover, some specific insights about surgeons as 
HMs were retrieved from the selected contributions (E).

 Impacts Claimed

The impacts reported in the papers were numerous, both positive and negative. The 
HMs who encountered problems first noted that the changes required by the NPM 
reforms have hardly translated into micro-level changes [19], and in any case, where 
present, have taken root slowly and with difficulties [23]. Another observation is by 
Kippist et [25], who note that hybrid clinical managers tend to prioritise their clini-
cal work, which can lead to delays in decision-making. These delays have the direct 
consequence of tensions among the members of the organisation.

There are also studies that bring out positive impacts. First of all, numerous con-
tributions underline that the creation of this hybrid role has allowed the widespread 
and greater knowledge of the system [29–32]. As reported by Bresnen and col-
leagues [31]:

H. Biancuzzi et al.



181

Source: Authors’ elabora�on  
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Fig. 14.2 Geographic distribution of the selected articles. Source: Authors’ elaboration

I became the manager of medicine and that was an incredibly operational role. I did that 
for two years and that was very much the classical bed pressures, getting people out of 
A&E, [etc.]. But I did other things as well, like introduce proper governance arrangements 
in medicine … and we turned medicine round. It was a good experience, and it certainly 
gives you an insight into organisations and the challenges.

The positive learning impact is underlined by Nzinga and colleagues as well [32].

I learnt a lot of the administrative things […] when I became a manager in this hospital. I 
was just learning from the Medical Superintendent, who has been here for a longer 
time […].

Furthermore, several contributions argue that the shift to a hybrid approach has 
led to a greater sharing of knowledge among professionals [28], but above all, an 
improvement in relations between work groups [28], dialogue between profession-
als [28–30], and a reduction in conflicts between professionals and managers [28]. 
As reported by Sartirana [30]:

…now it is different … we are responsible for administrative and financial matters, and this 
has greatly improved our relationship with the top managers.

14 Dr Surgeon & Mr. Manager: The Hybrid Role of Surgeons



182

Finally, some contributions underline more efficient cost management [28, 30]. 
As underlined by Prenestini [28]:

..they agreed that their work was subject to greater control (64%), that budgets were now 
more easily managed (64%), and that cost management was more effective (58%).

 New Skills Required

HMs are asked for numerous new skills, which are not part of the medical back-
ground, and for which professionals often have no training. Still, this can be a start-
ing point for improving their skills. Interesting enough, the selected studies report 
the need for both technical and non-technical skills. Indeed, while controlling and 
organising resources or participating in the budget are technical skills related to 
general management and accounting, problem-solving stands as a soft skill [33–35] 
that is related more to the individual than the educational background.

Table 14.2 reports the most cited skills required among the various 
contributions.

Table 14.2 Required skills

New skills 
required Quotes References

Control and 
organisation of 
resources

“When asked follow-up questions for further details on the 
radiographer managers understanding of the terms ‘manager’ 
and ‘management’, most agreed on what the terms meant. For 
most it conjured up concepts of controlling and organising 
resources”

[20]

“Therefore, the hybrid role requires a range of skills and 
knowledge drawn traditionally from the business of health. (…) 
people skills required to manage subordinates”

[25]

Strategic and 
operational 
management

“My mission is to motivate people to achieve difficult goals, to 
have people that come to work every day and think, ‘what can I 
do for patients and the hospital?’”

[30]

Streamline 
management

“I think my key role is facilitating, both between the directorate 
and other directorates, and between the various consultant staff 
who have been at war for god knows how long, and to try and 
ensure that the whole system is running as smoothly as it can 
(…)”

[20]

Problem- 
solving

“One example that cannot be detailed related to an accident that 
resulted in extensive water damage that was seen to be resolved 
by a clever re-framing of the incident by the clinician in the study 
so that the unit, and the person who caused the mishap, did not 
become the focus of the incident or blamed for it, and it came to 
be seen as an act of defiance against the bureaucracy”

[22]

Participation in 
the budget

“Therefore, the hybrid role requires a range of skills and 
knowledge drawn traditionally from the business of health. 
Knowledge and understanding of budgets and forecasts for their 
department; (…)”

[25]

Source: Authors’ elaboration
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 Emerging Difficulties

Numerous difficulties emerge from the selected contributions due to the lack of the 
technical skills required to fill the new role and the frequent unwillingness to work 
in position which is far from the initial background. Table 14.3 summarises the main 
difficulties identified by the various contributions analysed.

Table 14.3 Emerging difficulties

Emerging 
difficulties Quotes Ref.

Inappropriate 
workload

“(…)participants were frustrated with the managerial role. They 
experienced little freedom in how they could enact the role, because of 
a high amount of administrative work and a lack of support staff”

[26]

“Some days it’s administration and administration and administration 
and administration. And then you have to (emphasised by the 
participant) sit here (in the office). (…)”

“At the beginning, it is new and unknown, it is a challenge … but then 
you realise that it interferes with your clinical practice … it is a 
difficult choice for those who have clinical activity, and sometimes I 
think that I’d have more fun doing other things”

[30]

Feeling of lack 
of support

“Some experienced the job as lonely and told that they would have 
liked to have a mentor or colleagues with whom they could share their 
experiences. They described a sense of being left to themselves in the 
managerial role, with few social arenas for meeting other clinical 
managers”

[26]

Strength of the 
role not 
perceived/not 
respected/not 
remunerated

“Managing physicians is extremely difficult … they really don’t want to 
be managed. … I’m actually a specialist in [other medical specialty 
not present at this clinic], I mean that I couldn’t go out there in the 
ward and say something like “all right my friends, you have to stop 
doing that”. That would probably not be accepted very well at all. And 
even if I did have the same specialty as they do … if I can’t point to a 
systematic review or something like that, showing that this, this isn’t 
good… you know, it’s part of the physician’s role to decide and choose 
what you yourself think is right …as department manager it’s pretty 
hard to influence this, actually very difficult. You have to stand on an 
immensely solid base to do that”

[19]

“In this hospital you are called an “in charge”, you are called a 
“deputy in charge” […] [but] there is no official communication, as in 
if you go to my file there is nothing that indicates that I’man in charge 
or a deputy in charge. At least it’s my hope that the hospital recognises 
such positions through promotion (…). Being a head of department 
doesn’t come with anything in your pocket. It just gives you more work 
and more responsibilities but there is nothing you would benefit from as 
a person”

[32]

(continued)
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Table 14.3 (continued)

Emerging 
difficulties Quotes Ref.

Willingness to 
be recognised as 
medical doctors

“I think the biggest shock that I had when I came here was that the 
staff regarded me as not a radiographer. In the last two posts that I had 
been in I was a working radiographer and a manager, and when I 
came here-there is quite a lot of hostility towards my post. I would hate 
to think that it is towards me, although sometimes by paranoia is such 
that it feels as though it is towards me - but I am seen as a manager 
and they feel that because I don’t actually go out and work in the 
general area, I can’t understand and appreciate the problems they are 
having. I find that very hard to reconcile because I have been a 
radiographer for a long time and I don’t think that my skills are 
diminished by the fact that my role is different”

[20]

Pressure, 
disappointment, 
dissatisfaction

“When I took my management role… I used to go home and think: God 
what have I done today. What am I being paid for, this is just 
ridiculous… [it was] about six months until I really got into it. This is 
just silly, I should be with patients ... I still did have a bit of clinical 
work initially, but in the end you just couldn’t do either effectively”

[31]

Lack of specific 
training, skills, 
personality

“We are not even trained to be administrators […] you are suddenly 
dumped in that office […] you start learning from scratch. We are not 
real managers […] we didn’t go to school anywhere to learn 
managerial skills”

[32]

Lack of 
guidelines and/
or protocols

“There isn’t really a job description […] a medical officer’s role is 
general, so whatever you find at your [work] station it is within your 
capacity and you should be able to do it. So, what I got was an 
orientation of the place, what goes on every day, and then the rest is 
what is expected of me as the doctor”

[32]

Source: Authors’ elaboration

 Strengths and Opportunities Identified for Improvement

While some contributions underline several difficulties or shortcomings of the 
hybrid role, other papers note several positive aspects. First of all, many contribu-
tions highlighted the pride of professionals in obtaining this new role [20, 26, 31], 
especially with great concentration among nurses [26, 28, 31]. Getting this new 
hybrid role produced greater awareness on both a financial and organisational level 
[20, 24, 32], as well as an improvement in efficiency thanks to participation in the 
budget [24]. Finally, the growth of skills and abilities [24, 30] often leads to a better 
communication style [20] and to greater interest and ease in managing one’s work 
environment [20].

 Surgeons as HMs

Surgery and surgeons are mentioned in some of the selected articles [26, 27, 32]. In 
particular, Spehar and colleagues [26] underline the difficulties in merging the roles 
of a manager and a clinician, with surgeons not willing to apply as chiefs when the 
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administrative duties surpass the medical ones. They report a case of a surgeon who 
kept the job as a department chief only “not to let the others down”, with no col-
leagues willing to replace him. Morinière and Georgescu [27] highlight how, in an 
NPM approach, profitability is sought, and surgical interventions can be charged at 
high fees. Therefore, the need to increase the number of surgical operations to maxi-
mise profits may contradict the logic of public services. Nzinga and colleagues [32] 
shed light on the appointment criteria of surgical chiefs and department heads, 
which are primarily based on seniority rather than the presence of the right 
competencies.

 Discussion and Conclusions

NPM reforms affecting public administrations around the globe have radically 
changed some HRM practices. More in detail, specialists with backgrounds differ-
ent from their original studies are still required to possess and use management and 
organisational skills. Such competencies include general management, human 
resource management, accounting, and organisation. This new trend also affects 
physicians and surgeons, who are now required to fill a hybrid role, which includes 
their original medical background and management responsibilities.

A structured literature review has been conducted to shed light on some key top-
ics regarding HMs in healthcare, including the impacts, the opportunities, the 
needed skills, and the primary difficulties for surgeons and medical doctors in their 
hybrid roles.

Results underline a misalignment between the original skills possessed by medi-
cal doctors and the ones required in the role, especially for higher positions like 
chiefs of surgery or department chiefs. Such misalignment is perceived as a problem 
for most professionals. While, on the one hand, this may refer to the lack of training, 
other contributions underline that some clinicians may refuse to hold a different job 
role than the one they studied for. If they love medicine, they may struggle or be 
bored by administrative procedures like budgeting, reporting, hiring, and so on.

The lack of training stands as a major issue. Still, training and educational paths 
should be aligned to the needed skills. Interestingly, the selected articles name sev-
eral competencies required according to the reported cases. While some of such 
competencies are purely technical and related to the job description (e.g., the active 
participation in the creation of the departmental budget), others are non-technical or 
“soft”, like featuring a problem-solving attitude. According to the literature, non- 
technical or soft skills cannot be learned [36, 37], as they refer to personal traits that 
people may or may not have. Still, they can be fostered, especially when they can be 
considered essential in some jobs, like in the case of trauma and acute care surgical 
teams [35, 38]. Cases reported in the selected articles underline that some profes-
sionals may be more willing to work as HMs than others [26], and that the hiring 
process of chiefs should follow different criteria than only historical clinical results 
or seniority [32].
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While the individual’s attitudes and will to cover a specific job or role is for sure 
essential, we cannot deny that today, we experience the need for all medical profes-
sionals to know at least some basic management concepts. Examples may include, 
for surgeons, the need to assess the potential of a new surgical technique, the feasi-
bility study about the request to acquire a new surgical instrument and the impact in 
terms of investments, costs, and revenues, the need to measure the quality of the 
healthcare outcomes beyond the purely technical medical output, and the need to 
manage teams in terms of competencies assessment, among many more. Therefore, 
every Dr. Surgeon should also encompass the role of a Mr. Manager. While manage-
ment topics are on the agenda of top medical journals, some basic training on such 
themes should be included in medical schools and the lifelong learning journeys of 
experienced physicians. Scientific societies should also take the lead in merging 
such new topics and competencies through discussions at medical congresses and 
dedicated tracks and editorials in clinical journals. A multidisciplinary dialogue 
with healthcare specialists could support and facilitate the knowledge translation 
process [39] for surgeons and medical doctors to acquire the needed competencies 
in a facilitated way.
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 Introduction

The concept of sustainability is gaining traction in both academic literature and 
practice. The literature recognizes that sustainability includes three nuances: envi-
ronmental, social, and economic (or financial) [1]. Several efforts have been made 
worldwide to promote sustainable development, namely, the ability to solve today’s 
issues without compromising the resources needed to solve tomorrow’s problems 
[2]. In 2015, the United Nations adopted the Sustainable Development Goals 
(SDGs) as the 17 worldwide objectives to be attained by 2030 [3]. Firms are increas-
ingly pursuing some of these goals related to environmental sustainability by imple-
menting practices within the circular economy umbrella, with the aim to narrow, 
slow, and close resource loops, thus preventing the waste of resources [4, 5].

Starting from the global definition of sustainability, we can say that sustainability 
in healthcare refers to the ability to ensure good quality healthcare today without 
compromising the ability of future generations to provide good quality healthcare. 
Healthcare is appropriately positioned within the SDGs, being the protagonist of 
SDG #3, which states the comprehensive goal to “Ensure healthy lives and promote 
wellbeing for all at all ages.” Healthcare disparities represent discrepancies in the 
quality of care received by individuals with equal access to care and no differences 
in treatment preferences or requirements [6]. While the majority of the research has 
demonstrated that ethnic minorities do endure healthcare disparities and inferior 
clinical outcomes [7], inequalities also exist according to gender, age, socioeco-
nomic position, sexual orientation, areas and rural locations, and disability status [6, 
8, 9] Most global efforts on sustainability in healthcare have referred to the social 
aspects of care, including offering care to everyone [10] ensuring inclusion [8] and 
reducing disparities [11] in the access [12] and quality of care, including technolo-
gies, pharmaceutical treatments, vaccines, and trials [13].

Economic (or financial) sustainability has also been at the center of the debate 
due to frequent budget cuts, especially in developed countries, which are character-
ized by an aging population with chronic diseases and an increasing demand for 
more healthcare services [14].

Environmental sustainability has often been left behind in the healthcare sector, 
given the priority granted to the social and economic aspects of sustainability issues 
related to health and diseases. However, in a global scenario that sees enormous 
environmental problems like climate change, desertification, air pollution, and 
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increasing waste produced by factories all over the world, the healthcare sector 
could not be overlooked, as it represents a vast industry with millions of employees, 
a massive number of stakeholders, facilities, refined operations, and extensive sup-
ply chains, involving both the public and the private sector in all the continents.

The UK National Healthcare System (NHS) took the lead in the direction towards 
sustainability [15], intending to reduce its carbon footprint by 80% within three 
decades from the 2008 Climate Change Act [16] as the NHS accounts for 4.6% of 
the UK’s total carbon footprint and approximately 25% of the public sector’s foot-
print [16]. An analysis of the NHS carbon footprint showed that working on build-
ings and premises would not have been enough. Indeed, even if hospitals had been 
entirely powered by renewable energy, total emissions would only have been 
reduced by one-fifth. Other interventions would include reducing carbon arising 
from staff and patient travel and promoting greener practices and products for pur-
chased goods and services (especially in terms of pharmaceuticals and medical sup-
plies). However, the study shows that to reach the 80% goal, a translation into 
clinical practice was needed, meaning clinicians should take environmental sustain-
ability aspects into account when considering their treatment options or making 
their medical decisions. In May 2022, the Royal College of Surgeons of England 
published the “Sustainability in the operating theatre Guide to good practice,” [17] 
containing suggestions to reduce solid waste, stimulate environmentally friendly 
purchases and water conservation, reduce travel through telemedicine, and in gen-
eral terms, endorse a cultural change towards greener clinical and surgical practices. 
In November 2022, the Royal College of Surgeons of Edinburgh, the Royal College 
of Surgeons of England, and the Royal College of Physicians and Surgeons of 
Glasgow published the “Intercollegiate Green Theatre Checklist Compendium of 
Evidence,” [18] a checklist of 16 items covering all the surgical journeys, from 
anesthesia, surgical preparation, intraoperative equipment, and after the operation. 
According to the Royal Colleges, surgery is particularly carbon-intensive [19], with 
a typical single operation estimated to generate between 150 and 170  kgCO2e, 
equivalent to driving 450 miles in an average petrol car [20].

The recent NHS studies and the inputs from the Royal Colleges contribute to 
stimulating the debate about environmental sustainability in medicine and surgery, 
which is probably one of the most promising healthcare topics in research, practice, 
and policies of the next few years. One first step is to understand the environmental 
practices, either in clinical processes or in the management of buildings, especially 
hospitals, and the perception and attitude of healthcare workers (being them execu-
tives, clinicians, or part of the technical and administrative staff) towards change 
management and environmental practices directly related to their daily tasks and 
operations.

Starting from these premises, this study aims to pave the way to understanding 
the environmental practices in hospitals and healthcare institutions as well as the 
attitude of healthcare employees towards these practices by involving a sample of 
healthcare executives with managerial roles. This first pilot study was conducted in 
March 2023 by employing a Delphi survey to a group of 27 healthcare managers 
enrolled in an executive program held by the University of Pavia, Italy.
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 Methodology

A multidisciplinary panel, comprising scholars from business and management, sta-
tistics, medicine, and engineering designed the Delphi survey [21]. The question-
naire was designed starting from the recent documents published by The Royal 
Colleges of the UK [18, 20], and from the literature on sustainability practices and 
circular economy, stakeholders engagement [22], and knowledge translation [23], 
also following previous studies [24].

The Delphi survey was conceived in English and then translated into Italian. The 
English version of the survey is reported in the Appendix.

Like in previous studies [25] the experts included in the panel were gathered 
from the Executive Master of Strategic Management and Leadership of Healthcare 
Organization (Executive Master in Management strategico e Leadership delle 
Organizzazioni Sanitarie—EMMLOS) of the University of Pavia, Lombardy, Italy, 
home to the best ranked medical school in Italy. All the participants hold executive 
roles in primary healthcare institutions within the Lombardy Region (25 panelists), 
Liguria, and Marche Regions (1 panelist each), ranging from general to clinical and 
administrative directorship.

The Delphi survey included some descriptive statistics gathered from previous 
studies [25] and four major questions divided into two sections. The first section 
was about sustainability acceptance and change management, and it included 26 
items. The second section was about sustainability habits in clinical practice, com-
prising 3 questions of 23, 10, and 6 items, respectively. As recommended by the 
literature [26], all items had to be voted on by the expert panel on a Likert scale from 
1 (not important) to 9 (very important). A positive consensus (inclusion) was gath-
ered for those items voted with a mean of over 7. A negative consensus (exclusion) 
was defined for those items voted with a mean of 3 or below. Those items voted 
from 3.1 to 6.9 as the average had to be discussed further.

The Delphi survey was conducted in March 2023 using Google Forms for the 
first round. Two Delphi rounds were made, with a 100% response rate both times. 
Consensus was reached for 44 out of 65 items (68%).

 Results

 Section 0: Descriptive Statistics

The 27 panelists had different backgrounds, ranging from Business and Management, 
Law, and Clinical Sciences. Almost half of them were female. Most of them (almost 
60%) were between 51 and 60 years old. All of them held executive positions in 
public or private healthcare institutions, hospitals, and agencies. A summary of the 
descriptive statistics of the sample is reported in Table 15.1.
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Table 15.1 Descriptive 
statistics

Background Number %
Business and management 9 33.33%
Law 8 29.63%
Medicine 6 22.22%
Nursing 3 11.11%
Humanities 1 3.70%
Total 27 100.00%

Gender Number %
Female 13 48.15%
Male 14 51.85%
Total 27 100.00%

Age Number %
Under 40 6 22.22%
From 41 to 50 3 11.11%
From 51 to 60 16 59.26%
Over 60 2 7.41%
Total 27 100.00%

Role Number %
Manager 5 18.52%
Health and Social Director 3 11.11%
Health Director 2 7.41%
General Director 2 7.41%
Administrative Director 2 7.41%
Administrative Manager 2 7.41%
Purchasing Director 1 3.70%
Healthcare Professions Director 1 3.70%
Medical Director 1 3.70%
Operations Director 1 3.70%
Human Resources Director 1 3.70%
Physician/General Practitioner 1 3.70%
President 1 3.70%
Administrator 1 3.70%
Legal office Director 1 3.70%
Financial Director 1 3.70%
Pharmacy Manager 1 3.70%
Total 27 100.00%

 Section 1: Sustainability Acceptance and Change Management

Section 1 was about the concept of sustainability acceptance and change manage-
ment, and it included only one question with 26 items to be rated. Table 15.2 reports 
the findings, listing the items according to the highest ranking in terms of their mean.
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Table 15.2 Sustainability acceptance and change management—findings

Think of the clinical practice within your hospital/
institution/health agency/organization. On a scale from 
1 to 9, where 1 = strongly disagree and 9 = strongly 
agree, how would you rate the following statements? Mean SDa Round 1 Round 2

The end-of-life of clinical equipment should be 
managed by implementing recycling practices

8.44 1.22 Inclusion

Technology can lead to more sustainable clinical 
practices

8.30 1.23 Inclusion

The end of lifecycle of products sourced from external 
suppliers should be managed implementing recycling 
practices

8.30 1.30 Inclusion

Medical instruments should consider environmental 
efforts (e.g., limiting the use of energy, non-recyclable 
materials and the creation of waste) and their end of 
lifecycle should be managed implementing recycling 
practices

8.22 1.28 Inclusion

Green management should be a priority in all the 
industrial sectors

8.19 1.42 Inclusion

Greener clinical practices should be properly reported 8.11 1.37 Inclusion
It would be important to introduce sustainability 
practices also in procurement, selecting more 
sustainable products and suppliers

8.00 1.41 Inclusion

Governments should incentivize greener clinical 
practices

7.89 1.40 Inclusion

Greener clinical practices should be embedded into 
guidelines

7.85 1.43 Inclusion

Ratios and indexes connected to clinical practices 
should be calculated to measure and report 
sustainability in all medical department

7.70 1.41 Inclusion

Clinicians should be educated about environmental 
issues and outcomes connected with clinical activities 
and choices

7.67 1.59 Inclusion

Non-technical skills can lead to more sustainable 
clinical practices

7.56 1.34 Inclusion

Greener clinical practices should be prioritized on the 
agenda of hospitals and other stakeholders (e.g., 
financing institutions and governments)

7.41 1.62 Inclusion

Greener clinical practices should be prioritized on the 
agenda of scientific societies

7.33 1.64 Inclusion

Grants and awards should prioritize greener clinical 
practices

7.22 2.15 Inclusion

Greener clinical practices should be prioritized on the 
agenda of top healthcare managers

7.19 1.64 Inclusion

Patients should be educated about environmental 
issues and outcomes connected with clinical activities 
and choices

7.07 1.69 Inclusion

(continued)
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Table 15.2 (continued)

Think of the clinical practice within your hospital/
institution/health agency/organization. On a scale from 
1 to 9, where 1 = strongly disagree and 9 = strongly 
agree, how would you rate the following statements? Mean SDa Round 1 Round 2

Patients should be aware of the most sustainable 
clinical options when co-deciding with their physician

6.93 2.02 Discussion 
in round 2

Inclusion

Green management should be a priority in clinical 
practice

6.89 2.19 Discussion 
in round 2

Inclusion

Greener clinical practices should be preferred even if 
they are more expensive

6.67 1.80 Discussion 
in round 2

Inclusion

Hospitals and other stakeholders (e.g., financing 
institutions and governments) will appreciate greener 
clinical practices

6.63 1.88 Discussion 
in round 2

Inclusion

Sustainability issues are particularly relevant in my 
hospital/institution/health agency/organization

5.89 2.22 Discussion 
in round 2

No consensus 
reached

Patients will appreciate greener clinical practices 5.85 2.23 Discussion 
in round 2

No consensus 
reached

Changing clinical practices can lead to fewer issues 
than traditional practices

5.48 1.97 Discussion 
in round 2

No consensus 
reached

Greener management of clinical practice can lead to 
better medical outcomes

5.11 1.89 Discussion 
in round 2

No consensus 
reached

Patients will have more trust in greener clinical 
practices

5.04 1.91 Discussion 
in round 2

No consensus 
reached

a SD standard deviation

Consensus was reached in Round 1 for 17 out of 26 items (65%). Of the remain-
ing nine items, consensus was gathered in Round 2 for only 4 of them, while no 
agreement was reached for the remaining five items.

More specifically, panelists fully agreed on the need to implement recycling 
practices for end-of-life equipment and implement clinical instruments and tools 
that are fully compliant with sustainability standards, including energy efficiency 
and waste creation. They also believed in the potential of new technologies to lead 
to greener management. Panelists also agreed on the need to report such results and 
practices using dedicated ratios to be disclosed outside the institution. To better 
manage and stimulate green management, panelists agreed on the importance of 
tailored education, non-technical skills, and promotion activities carried on by sci-
entific societies.

A brief debate allowed the participants to agree on the importance of discussing 
the sustainability impacts of some feasible clinical choices with the patients and to 
consider greener clinical practices even if they are more expensive.

No consensus was reached on the outcome of greener practices when compared 
to traditional clinical choices, as the topic was considered too general. Moreover, 
several doubts arose about patients’ trust in greener clinical practice, as the topic 
was considered still in its infancy, and patients usually have other health priorities.
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 Section 2: Sustainability Habits in Clinical Practice

Section 2 included three major questions: one about the clinical practices, one about 
the potential tools to promote sustainability practices among the staff and users 
(patients, families, citizens), and one about the tangible impacts of sustainable 
management.

Table 15.3 reports the results of the question about clinical practices.
Interestingly, only one out of 23 items obtained positive consensus in Round 1, 

namely, the practice of leasing instruments. A discussion on practices was carried 
on in Round 2, and the participants shared their experiences in their own institu-
tions/working places. While some general good practices emerge (for instance, con-
sidering sustainability as one of the winning criteria in deciding the suppliers), 

Table 15.3 Sustainability habits—findings about clinical practices

Think of the clinical practice within your hospital/
institution/health agency/organization. On a scale 
from 1 to 9, where 1 = strongly disagree and 
9 = strongly agree, how would you rate the 
following statements?
Please note that all the elements should be rated 
according to your knowledge Mean SDa Round 1 Round 2

My hospital/institution uses more leased equipment 7.12 1.86 Inclusion
My hospital/institution recommends arranging 
metals/battery collection where possible

6.88 2.40 Discussion in 
round 2

Inclusion

My hospital/institution encourages equipment to be 
shared among different clinical departments

6.76 2.24 Discussion in 
round 2

Inclusion

My hospital/institution recommends avoiding 
clinically unnecessary interventions (e.g., 
antibiotics, catheterization, histological 
examinations)

6.68 2.90 Discussion in 
round 2

Inclusion

My hospital/institution recommends powering off 
lights, computers, ventilation, AGSS, and 
temperature control when the theater is empty

6.68 2.46 Discussion in 
round 2

Inclusion

My hospital/institution recommends that damaged 
reusable equipment is repaired, encouraging active 
maintenance

6.56 2.53 Discussion in 
round 2

Inclusion

My hospital/institution endorses the reduction of 
water and energy consumption

6.32 2.66 Discussion in 
round 2

Inclusion

My hospital/institution recommends using 
domestic or recycling waste streams for all 
packaging

5.85 2.81 Discussion in 
round 2

No consensus 
reached

My hospital/institution shares equipment with other 
hospitals/institutions

5.77 2.64 Discussion in 
round 2

No consensus 
reached

My hospital/institution uses reusable textiles 
(including theater hats, sterile gowns, patient 
drapes, and trolley covers)

5.48 2.46 Discussion in 
round 2

No consensus 
reached

(continued)
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Table 15.3 (continued)

Think of the clinical practice within your hospital/
institution/health agency/organization. On a scale 
from 1 to 9, where 1 = strongly disagree and 
9 = strongly agree, how would you rate the 
following statements?
Please note that all the elements should be rated 
according to your knowledge Mean SDa Round 1 Round 2

My hospital/institution accurately measures 
operating room sterile supply waste

5.42 2.69 Discussion in 
round 2

No consensus 
reached

My hospital/institution is supplied by firms 
adopting sustainable practices

5.37 2.34 Discussion in 
round 2

No consensus 
reached

My hospital/institution recommends avoiding all 
unnecessary equipment (e.g., swabs, single-use 
gloves)

5.35 2.74 Discussion in 
round 2

No consensus 
reached

My hospital/institution promotes greener clinical 
practices in general terms

5.26 2.22 Discussion in 
round 2

No consensus 
reached

My hospital/institution recommends opening only 
those sets that are needed and, when they are 
needed, by integrating supplementary items into 
sets

5.21 2.59 Discussion in 
round 2

No consensus 
reached

My hospital/institution recommends the creation of 
clinical preference lists for each operation—
separate essential vs. optional items to have ready 
on side

5.00 2.59 Discussion in 
round 2

No consensus 
reached

My hospital/institution employs sustainable 
“inputs” (e.g., from renewable sources, and/or 
made of biodegradable materials, and/or coming 
from recycling processes)

5.00 2.59 Discussion in 
round 2

No consensus 
reached

My hospital/institution recommends recycling or 
using lowest carbon-appropriate waste streams as 
appropriate

4.81 2.79 Discussion in 
round 2

No consensus 
reached

My hospital/institution installed several automatic 
or pedal-controlled water taps

4.44 2.83 Discussion in 
round 2

No consensus 
reached

I have a clear understanding and picture about 
greener clinical practices adopted my hospital/
institution

4.41 2.48 Discussion in 
round 2

No consensus 
reached

My hospital/institution recommends switching to 
low-carbon alternatives (e.g., skin sutures vs. clips, 
loose prep in gallipots)

4.38 2.68 Discussion in 
round 2

No consensus 
reached

My hospital/institution recommends avoiding the 
use of single-use surgical packs

4.35 2.16 Discussion in 
round 2

No consensus 
reached

My hospital/institution recommends opting for 
reusables, hybrid, or remanufactured equipment 
instead of single-use (e.g., diathermy, gallipots, 
kidney-dishes, light handles, quivers, staplers, 
energy devices)

4.20 2.60 Discussion in 
round 2

No consensus 
reached

a SD standard deviation
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many claimed that, for instance, they felt discouraged in using different bins for 
waste, as the cleaning staff would throw away all the garbage into one basket. 
Therefore, despite the fruitful conversation, panelists could not reach a consensus 
about the perceived relevance of certain clinical habits.

Table 15.4 underlines the potential tools to promote sustainability practices 
among the staff and users (patients, families, and citizens).

Only three out of ten items received a positive consensus during the first round, 
namely, using newsletters, participating in congresses or events to share best prac-
tices, and training courses. After a discussion in Round 2, all the items received a 
positive consensus, except for leaflets, which were excluded as they were consid-
ered against environmental sustainability and could be easily replaced by 
e-brochures.

Table 15.5 reports the findings related to the tangible impact of greener clinical 
practice, according to the participants’ perceptions.

Two items obtained a positive consensus in Round 1, namely, the institution’s 
reputation and the positive contribution to the environment. The other items (some-
one’s personal commitment, cost reduction, patient engagement, and quality of 
care) got full consensus after discussion in Round 2, with all participants agreeing 
on their importance.

Table 15.4 Sustainability habits—findings about the tools to promote sustainability practices

Think of the clinical practice within your hospital/
institution/health agency/organization. Which of the 
following tools should be used to promote 
sustainability/greener clinical practices? Mean SDa Round 1 Round 2

Newsletters 7.44 2.01 Inclusion
Invitation to report best practices at congresses or 
events

7.30 2.05 Inclusion

Invitation to attend specific training courses 7.11 2.03 Inclusion
Digital solutions (e.g., APPs, sensors, smart grid, …) 6.96 2.41 Discussion in 

round 2
Inclusion

Multidisciplinary Green Teams 6.85 2.14 Discussion in 
round 2

Inclusion

Corporate reports 6.78 2.36 Discussion in 
round 2

Inclusion

Websites 6.70 2.23 Discussion in 
round 2

Inclusion

Billboards 6.04 2.31 Discussion in 
round 2

Inclusion

Illuminated signs and meters (e.g., reporting energy 
consumption or other data)

5.93 2.70 Discussion in 
round 2

Inclusion

Leaflets 4.56 2.41 Discussion in 
round 2

Exclusion

a SD standard deviation
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Table 15.5 Tangible impact of greener clinical practice

Accordingly to your knowledge and/or perception, 
what is the tangible impact of greener clinical practice 
WITHIN your hospital/institution? On a scale from 1 
to 9, where 1 = low, and 9 = remarkable, how would 
you rate the following statements? Mean SDa Round 1 Round 2

Reputation of the hospital/institution 8.15 1.38 Inclusion
Positive contribution for the environment 7.85 1.49 Inclusion
My personal commitment 6.85 2.09 Discussion in 

round 2
Inclusion

Cost reduction 6.48 1.81 Discussion in 
round 2

Inclusion

More engagement of the patient 6.26 1.99 Discussion in 
round 2

Inclusion

Better quality of care 6.19 1.42 Discussion in 
round 2

Inclusion

a SD Standard Deviation

 Discussion

Environmental sustainability is becoming a debated theme in healthcare, as the 
healthcare industry enormously impacts upon the planet and its resources. Therefore, 
engaging in greener practices will need to become a priority not only for healthcare 
policymakers and executives but also for clinicians, who should consider sustain-
ability aspects while making their clinical decisions. A cultural shift is therefore 
required, as environmental sustainability should be equally important to the social 
and economic aspects of sustainability in healthcare.

The aim of the study was to enquire a group of healthcare executives about the 
current sustainability practices and their perceptions about the topic through a 
Delphi survey. Our first pilot study leads to some exciting results.

First of all, several items did not get a consensus, despite an open discussion 
among the participants. Although all the panelists came from the same country (so 
no major differences emerged in the healthcare system), and even from the same 
area (North-western Italy), a variety of different practices were named.

While panelists recognize the general value of environmental sustainability, 
most of them do not feel that their home institutions are embracing and endorsing 
such principles.

Among the accepted factors, it should be recognized that recycling is considered 
a good practice. Interestingly enough, participants focused more on end-of-life 
equipment than everyday’s waste. It should be noted that the end-life issue is easier 
to deal with and “solve” than day-by-day waste, which instead has enormous poten-
tial especially for its duration over time [15].
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According to the panelists, there is a feeling that technology can support some 
aspects of environmental sustainability, for example, in the case of the virtual hos-
pital model of care [27] and, in more general terms, e-health and telemedicine tools 
[28]. Accountability and reporting also get a full consensus as a means of dissemi-
nating good practices and results, and participants underlined the key role of insti-
tutional stakeholders like governments and scientific societies, who should take the 
lead in promoting environmentally friendly practices, even embedding these into 
their guidelines. However, when it comes to a single institution/hospital or a patient, 
the common feeling is that environmental sustainability is not (yet) a priority. 
Indeed, hospitals should cope with the management of complex issues like budget 
cut [14] new technological shifts [29], a lack of personnel [30], and the need to 
reorganize some processes following the post-pandemic “new normal” [31]. 
Patients, on their side, are usually concerned about their health and the need to find 
a feasible clinical solution to get better. Again, environmental sustainability can 
represent a nice “bonus,” but not a priority under these circumstances. Therefore, in 
the current scenario, sustainability issues look more interesting for science than for 
real life.

Panelists were also unsure about the clinical outcomes coming from (more) envi-
ronmentally friendly clinical practices than traditional ones. Such a result may be 
explained by the fact that just a few executives had a medical or nursing back-
ground. This issue remains open to further investigation.

Concerning the general practices, participants were pretty negative when rating 
the implementation of those practices or habits that are recommended by the Royal 
Colleges’ latest checklists and guides. Indeed, the only course which got a full con-
sensus in Round 1 was the acquisition of medical equipment through leasing con-
tracts rather than full ownership. It should be noted that the leasing formula is now 
popular among technology providers as technological paradigms and innovation 
move fast, and this is a way to allow the replacement of older instruments with new 
ones. Therefore, this stands more as a common business model than a virtuous sus-
tainable practice. In the discussion, panelists underlined how green sustainability 
has been included as one of the legal criteria to select suppliers, and they empha-
sized that there are regulations to avoid, for instance, certain environmentally dan-
gerous materials, for example, in cleaning detergents. Again, we should note that 
some green aspects in procurement come from the law rather than from a single 
institution’s virtuous behavior or independent initiative.

Other recommended practices find huge barriers of several kinds in their imple-
mentation. For example, physicians are not encouraged to avoid unnecessary tests 
due to legal responsibilities. In case of a medical trial in court, medical doctors may 
be considered guilty if they did not evaluate all the possible clinical options. 
Therefore, they prefer to run more tests, even if they look unnecessary or are not 
included in the guidelines.
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General recycling is also a debated issue. Several participants complained about 
the fact that, although different bins are present throughout the buildings, all the 
trash seems to be finally included in a single basket. From this, we can deduce that 
there is a general lack of waste disposal policies, and that recycling is not suffi-
ciently promoted.

All in all, most of the recommended practices are not in place, thus calling for 
more extensive mapping of habits, organizational changes, and dissemination 
among staff and users (patients and visitors).

When it comes to knowledge translation and dissemination tools, participants 
agreed on newsletters, congresses and events, and training modules as preferred 
options. All the other proposed tools (including multidisciplinary green [32]) were 
later debated and accepted, with the exception of printed leaflets, even if their 
importance was recognized by the recent literature on patient engagement [33].

Last but not least, participants recognized the general importance of environmen-
tal sustainability in healthcare, and they stressed its role in boosting the hospital’s 
reputation.

 Conclusions

This study was aimed at enquiring about environmental sustainability in healthcare. 
The analyzed panel, albeit still limited, underlined the general importance of the 
topic, which currently seems more theoretical than applied in practice. The results 
show that, although the general principles of environmental sustainability are con-
sidered valuable, clinical practice and hospital processes follow other rules, with a 
few exceptions. Barriers to the full adoption of more environmentally friendly prac-
tices emerge, including a general lack of knowledge, the presence of other working 
priorities, scarce guidance by institutional actors and scientific societies, an insuf-
ficient perceived commitment by institutions, and legal constraints, especially 
linked to the clinical profession. More efforts on a global scale are needed to pro-
mote environmental practices. Governments and institutions, scientific societies, 
industry leaders, and scholars should join forces to study solutions, share best prac-
tices that have been applied in some contexts, and promote knowledge translation 
dynamics to all the involved actors, especially clinicians, and users.

As with all the studies, ours presents some limitations. The main issue is related 
to the very limited sample made of healthcare executives who work under similar 
circumstances. Despite several hospitals and institutions being represented, results 
are linked to a specific context, namely, the Italian one, and cannot be generalized. 
Still, our investigation allowed us to develop some general considerations to pave 
the way into a fertile phenomenon within the healthcare domain, which will prob-
ably represent one of the most promising topics for research, practice, and policy in 
the next few years.
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 Appendix

 Delphi Protocol (English Version)

 Section 0: Descriptive Statistics

 1. What is your background?

• Business/management
• Law
• Clinical
• Other

 2. What is your role?

• General Director
• Scientific Director
• Medical Director
• Administrative Director
• Physician/GP
• Manager
• Other

 3. What is your gender?

• Male
• Female
• Prefer not to answer

 4. What is your age group?

• Under 40
• 41–50
• 50–60
• Over 60

 5. Do you agree to be an author in the scientific publication(s) reporting the Delphi 
results?

• Yes
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 Section 1: Sustainability Acceptance and Change Management

Think of the clinical practice within your hospital/institution/health 
agency/organization. On a scale from 1 to 9, where 1 = strongly 
disagree and 9 = strongly agree, how would you rate the following 
statements?

Importance

1 2 3 4 5 6 7 8 9

1 Sustainability issues are particularly relevant in my hospital/
institution/health agency/organization

2 Green management should be a priority in all the industrial 
sectors

3 Green management should be a priority in clinical practice
4 Patients should be aware of the most sustainable clinical 

options when co-deciding with their physician
5 Patients will appreciate greener clinical practices
6 Hospitals and other stakeholders (e.g., financing institutions 

and governments) will appreciate greener clinical practices
7 Patients will have more trust in greener clinical practices
8 Grants and awards should prioritize greener clinical practices
9 Greener clinical practices should be embedded into guidelines
10 Greener clinical practices should be prioritized on the agenda 

of scientific societies
11 Greener clinical practices should be prioritized on the agenda 

of healthcare top managers
12 Greener clinical practices should be prioritized on the agenda 

of hospitals and other stakeholders (e.g., financing institutions 
and governments)

13 Greener clinical practices should be preferred even if they are 
more expensive

14 Technology can lead to more sustainable clinical practices
15 Medical instruments should consider environmental efforts 

(e.g., limiting the use of energy, non-recyclable materials, and 
the creation of waste) and their end of lifecycle should be 
managed implementing recycling practices

16 The end-of-life of clinical equipment should be managed by 
implementing recycling practices

17 Non-technical skills can lead to more sustainable clinical 
practices

18 Greener clinical practices should be properly reported
19 Ratios and indexes connected to clinical practices should be 

calculated to measure and report sustainability in all medical 
department

20 Changing clinical practices can lead to fewer issues than 
traditional practices

21 Greener management of clinical practice can lead to better 
medical outcomes

22 Clinicians should be educated about environmental issues and 
outcomes connected with clinical activities and choices
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Think of the clinical practice within your hospital/institution/health 
agency/organization. On a scale from 1 to 9, where 1 = strongly 
disagree and 9 = strongly agree, how would you rate the following 
statements?

Importance

1 2 3 4 5 6 7 8 9

23 Patients should be educated about environmental issues and 
outcomes connected with clinical activities and choices

24 It would be important to introduce sustainability practices also 
in procurement, selecting more sustainable products and 
suppliers

25 The end of lifecycle of products sourced from external 
suppliers should be managed implementing recycling practices

26 Governments should incentivize greener clinical practices

 Section 2: Sustainability Habits in Clinical Practice

Think of the clinical practice within your hospital/institution/health 
agency/organization. On a scale from 1 to 9, where 1 = strongly 
disagree and 9 = strongly agree, how would you rate the following 
statements?
Please note that all the elements should be rated according to your 
knowledge

Importance

1 2 3 4 5 6 7 8 9

1 I have a clear understanding and picture about greener clinical 
practices adopted my hospital/institution

2 My hospital/institution promotes greener clinical practices in 
general terms

3 My hospital/institution uses reusable textiles (including theater 
hats, sterile gowns, patient drapes, and trolley covers)

4 My hospital/institution endorses the reduction of water and 
energy consumption

5 My hospital/institution installed several automatic or pedal-
controlled water taps

6 My hospital/institution recommends avoiding clinically 
unnecessary interventions (e.g., antibiotics, catheterization, 
histological examinations)

7 My hospital/institution recommends the creation of clinical 
preference lists for each operation—separate essential vs. 
optional items to have ready on side

8 My hospital/institution recommends avoiding the use of 
single-use surgical packs

9 My hospital/institution recommends opening only those sets 
that are needed and, when they are needed, by integrating 
supplementary items into sets

10 My hospital/institution recommends avoiding all unnecessary 
equipment (e.g., swabs, single-use gloves)
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Think of the clinical practice within your hospital/institution/health 
agency/organization. On a scale from 1 to 9, where 1 = strongly 
disagree and 9 = strongly agree, how would you rate the following 
statements?
Please note that all the elements should be rated according to your 
knowledge

Importance

1 2 3 4 5 6 7 8 9

11 My hospital/institution recommends opting for reusables, 
hybrid, or remanufactured equipment instead of single-use (e.g., 
diathermy, gallipots, kidney-dishes, light handles, quivers, 
staplers, energy devices)

12 My hospital/institution recommends switching to low-carbon 
alternatives (e.g., skin sutures vs. clips, loose prep in gallipots)

13 My hospital/institution recommends recycling or using lowest 
carbon-appropriate waste streams as appropriate

14 My hospital/institution recommends using domestic or 
recycling waste streams for all packaging

15 My hospital/institution recommends arranging metals/battery 
collection where possible

16 My hospital/institution recommends that damaged reusable 
equipment is repaired, encouraging active maintenance

17 My hospital/institution recommends powering off lights, 
computers, ventilation, AGSS, and temperature control when 
the theater is empty

18 My hospital/institution is supplied by firms adopting sustainable 
practices

19 My hospital/institution employs sustainable “inputs” (e.g., from 
renewable sources, and/or made of biodegradable materials, 
and/or coming from recycling processes)

20 My hospital/institution accurately measures operating room 
sterile supply waste

21 My hospital/institution uses more leased equipment
22 My hospital/institution shares equipment with other hospitals/

institutions
23 My hospital/institution encourages equipment to be shared 

among different clinical departments

Think of the clinical practice within your hospital/institution/health 
agency/organization. Which of the following tools should be used to 
promote sustainability/greener clinical practices?

Importance

1 2 3 4 5 6 7 8 9

1 Billboards
2 Leaflets
3 Newsletters
4 Websites
5 Corporate reports
6 Multidisciplinary Green Teams
7 Invitation to attend specific training courses
8 Invitation to report best practices at congresses or events
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Think of the clinical practice within your hospital/institution/health 
agency/organization. Which of the following tools should be used to 
promote sustainability/greener clinical practices?

Importance

1 2 3 4 5 6 7 8 9

9 Illuminated signs and meters (e.g., reporting energy 
consumption or other data)

10 Digital solutions (e.g., APPs, sensors, smart grid, …)

Accordingly to your knowledge and/or perception, what is the 
tangible impact of greener clinical practice WITHIN your hospital/
institution? On a scale from 1 to 9, where 1 = low, and 
9 = remarkable, how would you rate the following statements?
Please note that all the elements should be rated according to your 
knowledge

Importance

1 2 3 4 5 6 7 8 9

1 Positive contribution for the environment
2 More engagement of the patient
3 Cost reduction
4 Better quality of care
5 My personal commitment
6 Reputation of the hospital/institution
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Chapter 16
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Practice
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 Introduction

Climate change is one the biggest threats to human health in the twenty-first cen-
tury. It refers to long-term shifts in temperatures and weather patterns. These shifts 
may be natural but since the 1800s, human activities have been the main driver of 
climate change. In fact, since the Industrial Revolution, human activities have 
released large amounts of carbon dioxide and other greenhouse gases (GHGs) into 
the atmosphere, which has changed the earth’s climate. Natural processes, such as 
changes in the sun’s energy and volcanic eruptions, also affect the earth’s climate, 
however, they do not explain the warming that we have observed over the last cen-
tury [1]. Carbon dioxide (CO2) emissions are mainly caused by the combustion of 
fossil fuels (coal, natural gas, and oil) for energy production and transportation. 
Globally, 50–65% of total methane emissions come from industrial and agriculture 
production, land use, and waste management activities [2, 3].

Nitrous oxide (N2O) molecules, vented by human activities, stay in the atmo-
sphere for an average of 114  years before being removed or destroyed through 
chemical reactions. The impact of 500  g of N2O on warming the atmosphere is 
almost 300 times that of the same amount of carbon dioxide [4].
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The impact on the environment is measured by the carbon footprint which is the 
total amount of greenhouse gases (including carbon dioxide and methane) that are 
generated as a result of the activities of a particular individual, organization, or 
community.

Man-made climate change is one of the biggest threats to Planet Earth and one of 
the biggest threat to human health in the twenty-first century. It causes extreme 
weather events leading to injuries and deaths, spread of infectious diseases vectors, 
temperature related diseases, increase in waterborne illnesses, mass migration of 
climate refugees, and catastrophic impacts from air pollution. On December 12th 
2015, at COP 21, 196 parties signed the Paris Agreement that entered into force on 
November 4th 2016. Its goal is to limit global warming to well below 2, preferably 
to 1.5 °C, compared to pre-industrial levels. To achieve this long-term temperature 
goal, countries aim to reach global peaking of greenhouse gas emissions as soon as 
possible to achieve a climate neutral world by mid-century. The UN’s 
Intergovernmental Panel on Climate Change warned, in its 2022, report that we 
must act “now, or never” to limit global warming to 1.5°.

The healthcare sector is on the frontline when it comes to dealing with these 
health impacts. However, as a major emitter, the sector itself is contributing to the 
problem. As a whole, the healthcare sector’s climate footprint is equivalent to 4.4% 
of global net emissions; if it were a country, it would be the fifth largest emitter in 
the world. It contributes to greenhouse gas emissions through energy consumption, 
transport, and product manufacture, use and disposal. Emissions emanating directly 
from health care facilities and health care owned vehicles make up 17% of the sec-
tor’s worldwide footprint. Indirect emissions from purchased energy sources such 
as electricity, steam, cooling, and heating comprise another 12%. Nearly three quar-
ters (71%) of emissions originate from indirect sources (e.g., business travel, pro-
curement, waste disposal, and water supply/treatment), and it is likely the majority 
of these emanate from the supply chain through the production, transport, and dis-
posal of goods and services, such as pharmaceuticals and other chemicals, food and 
agricultural products, medical devices, hospital equipment, and instruments.

Three-quarters of all health care emissions, including from its supply chain, are 
generated domestically. This means roughly one-quarter of all health care emissions 
are generated outside of the country where the health care product is ultimately 
consumed.

The European Union (EU) is the third largest contributor to global healthcare 
emissions (behind the USA and China), accounting for 12% of global healthcare 
emissions [5].

The very organizations that we trust to heal us in our time of need also play a role 
in harming us. Previous research identifies the operating room (OR) as a major 
source of spending and waste generation in a medical facility [6–8], accounting for 
650–1200 kg of medical waste per day and more than 3 million kilograms of GHG 
emissions per hospital annually [9].

Operating theaters, in particular, have a disproportionate environmental impact 
not only because of waste production but because of their energy-intensive pro-
cesses, consumption of resources and the use of volatile anesthetic agents as well. 
They are estimated to be 3–6 times more energy intensive than clinical wards and 
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tend to produce approximately 50–70% of the total hospital waste [10, 11]. ORs are 
highly energy-intensive due to their unique requirement for stringent temperature 
and ventilation control for patient safety and microbial control. The most significant 
contributors are heat, ventilation, and air-conditioning (HVAC) systems, followed 
by lighting and machinery [8, 9, 12].

In high income countries, energy use has been found to account for between 10% 
and 80% of total OR emissions [9].

 Waste Production

Data show that hospitals in developed countries generate on average 1% of a nation’s 
solid waste, and 2.1% of its greenhouse gas (GHG) emissions annually [13, 14].

The amount of waste produced by health care systems rises up to 15% annually 
contributing to 85% to the pollution of the ecosystem [15], ORs are responsible for 
20–70% of hospital waste production, it is estimated that they generate up to 
2300 kg of waste per year [16] and surprisingly 80% is already produced during the 
set up even before the patient begins the surgery. A significant amount of waste 
produced in this phase is due to “overage” meaning the regular opening of surgical 
packs and trays before the procedure and that may not be used and therefore dis-
carded [17].

For comparison, on average a single surgical procedure can produce as much 
waist as an average family in a week [18]. Interestingly there is no correlation 
between duration of surgery and quantity of waste generated.

The composition of OR waste includes paper, cardboard, metals, glass, linens, 
several types of plastic, sharps, anesthetic gases, medications, anatomical and path-
ological waste. If measured by weight out of the total OR waste, 39% is disposable 
linens, 7% paper, 26% plastic, and 27% miscellaneous waste [19].

Since the 1980s,because of the spreading awareness of infectious diseases, many 
surgical devices became single use ending up increasing the waste production. It is 
demonstrated that the same instruments, if reusable, would reduce the relative waste 
production up to 65% [20].

Different kinds of waste must be identified, labeled, and treated accordingly. 
This process starts at the point of generation, directly in the OR where the personnel 
differentiate the general waste from clinical waste. All clinical waste must be treated 
before disposed to landfill. Incineration is the preferred treatment option since it is 
suitable for all types of waste (excluding radioactive waste), and it significantly 
reduces weight and volume of waste transferred to landfill [21].

This process is from 10 to 25 times more expensive and more energy consuming 
than regular waste and eventually releases hydrochloric acid, dioxins, furans, and 
various other chemicals into the atmosphere. The repercussions on human health 
are enormous, long-term exposure to low doses of dioxins and furans released into 
the environment can lead to immune system disorders as well as abnormal develop-
ment of the nervous system, endocrine disruption, and reproductive damage while 
short-term exposure to high doses can cause skin lesions and impaired liver 
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function. The segregation process of OR waste is highly operator dependent, it is 
estimated that 50–90% of the waste is wrongly classified as clinical while it should 
not exceed 15% [22].

Every OR produces up to 2 ton of liquid waste every month, 25% of which is 
biological hazardous. Liquid waste is disposed through the sewer system, adding 
immobilizing material or, the safest and least polluting option, through encapsula-
tion in sealed containers disposed to the landfill. Surgical polypropylene draping 
material accounts for 19% of the total OR waste, the possibility to switch over to 
reusable sterile draping material should therefore be considered.

 Water Consumption

Hospital water consumption is extremely high, it is estimated to be 300–1000 L per 
bed. The OR contributes significantly to the total consumption, the preoperative 
surgical hand wash is estimated to consume approximately 18.5 L per scrub per 
staff member [23].

Implementation of sensor guided or pedal activated faucets and alcohol based 
hand scrubs save extraordinary amounts of water annually [24].

 Anesthetics

GHGs emissions are internationally regulated by the Kigali Amendment of the 
Montreal protocol, the Kyoto Protocol and the Paris Agreement. Anesthetic gasses, 
mostly consisting of halogenated organic compounds and nitrous oxide, are recog-
nized to be GHGs as well but, probably because they are considered a clinical 
necessity, they are exempt from international regulations [25, 26].

With an estimated 10–15% of the total anthropogenic warming effect both 
because of radioactive forcing and in some cases because of ozone depletion, they 
consistently contribute to climate change. It is estimated that during the time of 
surgical operation only 5–20% of volatile anesthetics are metabolized by the patient 
while the rest reaches directly the atmosphere where they stay for 1.4–21.4 years 
with 2000–3000-fold warming potential compared to CO2 [27, 28].

Volatile anesthetics are not all the same, desflurane has the greatest global warm-
ing potential (GWP), more than 2000 times that of carbon dioxide (CO2), while 
sevoflurane is only 130 times as potent as CO2 [29].

Disproportionate use of desflurane has been found to be responsible for up to 
80% of GHG emissions in ORs in high income countries [30].

Halothane, an anesthetic gas essentially obsolete in most high income countries, 
remains widely used in parts of the Western Pacific region. Systematically switch-
ing from desflurane to sevoflurane can lead to a tenfold reduction in carbon footprint 
and significant cost saving [31].
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Other ways to reduce waste of anesthetic gasses could be the implementation of 
low fresh gas flow or closed-circuit delivery that can reduce the volume of volatile 
gas consumed by 20% and the application of new technologies, such as dynamic gas 
scavenging.

Systems or silica zeolite, can absorb, destroy, and even recycle anesthetic waste 
gases [32].

Also, the use of volatile anesthetic agents could be profoundly limited by prefer-
entially using total intravenous anesthesia and regional anesthesia when appropriate 
[33–35].

Unfortunately, intravenous anesthetics are not to underestimate as well, as for 
example, propofol produces toxic waste products such as phenols. Therefore 
propofol represents not only the most expensive, but also the most environmen-
tally dangerous anesthetic drug because it does not degrade, it accumulates in 
fat, it is toxic to aquatic organisms, and it requires incineration to be fully 
destroyed [22].

But anesthetic gasses are not the only waste generated by anesthetists, which is 
approximately 25% of the total OR production. Almost half of it is recyclable, 
mostly consisting of glass and plastic. Glass, produced by a carbon intensive pro-
cess, is recyclable and should be treated accordingly. Plastic accounts for circa 50% 
of the total anesthetic waste production; anesthesiology departments are considered 
the highest generators of hazardous waste, closely followed by intensive care 
units [36].

 Other Sources of Emission

Different kinds of surgical approaches have different CO2 emissions, robotic 
surgery seems to have a greater impact compared to laparoscopic surgery which 
is more demanding than open surgery, therefore the type of surgery impacts 
differently on the environment. It is estimated that the total CO2 production of 
all laparoscopic procedures in the USA account for 355.924 ton of CO2 emis-
sions per year, which is equivalent to 645,000 flights from New  York to 
London [37].

A careful understanding of the environmental impact of equivalent therapies for 
a single clinical issue may help in the guidance to the therapeutic choice, as, for 
instance, a fundoplication surgery for reflux disease impacts by 30 kg of CO2 emis-
sions per procedure while medical approach with proton pump inhibitors accounts 
for ca 100 kg of CO2 emissions per patient per year [38].

Transportation is another important factor in the health system. Patient and staff 
travel to and from the hospital contributes up to 18% of the total healthcare carbon 
emissions. Incentives to use public transportation, car sharing, electric mobility, 
cycling or even walking should be provided. Patients should be visited and checked, 
whenever safety criteria are met, by remote technology.
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 Further Controversies and the 5Rs

The need for a better understanding of climate change and a prompt application of 
mitigation strategies in the health sector is urgent. Differently from industry, health 
care has less regulations regarding environment safety therefore, while patient safety 
and hygienical standards always have maximum priority, the need to reduce carbon 
footprint was rather suggested by the common sense of the administrators. Carbon 
footprint studies that evidence the entity of the problem are just a starting point. In 
recent years, also under the pressure of the literature on the matter, the need to make 
more environmentally sustainable choices leaked inside the ORs but the task of bet-
ter decision making around carbon is demanding and needs support. There are sev-
eral organizations which offer a range of proposals in this regard such as Health Care 
Without Harm, Greening the Operating Room, Practice Green-health and Operating 
Green. Health administrators need to evaluate all options in terms of their cost effec-
tiveness, but the shared principles may be resumed in the 5Rs: reduce, reuse, recycle, 
rethink, and research. On a practical level to reduce means reduction of ORs energy 
consumption such as reduction of heating/cooling or ventilation when unoccupied, 
switching to led bulbs; reduction of water consumption by reducing the flow in OR 
faucets, implementing pedal o sensor activated water flow or even switching to other 
means of surgical scrubbing. Printed reports may be eliminated preserving paper 
consumption. Plastic may be decreased by saving up on single use materials and 
packaging. The reduction of overage saves drugs and materials. Anesthetic gasses 
should be used wisely, low flow anesthesia on closed circuit should be a rule, future 
goal should be the scavenging or oxidizing of all inhaled anesthetics before they are 
vented in the atmosphere. Medical devices can be reprocessed, such as surgical 
instruments, drapes, and gowns; the use of disposable instruments should be limited. 
A correct waste identification allows to increase the volume of the recycled material 
reducing the energy for de novo production. Rethink refers to the removal of unnec-
essary items and unused tools from surgical kits, the use of telemedicine whenever 
possible, the reduction of hospital length of stay through fast tracking and eras pro-
tocols. Sustainable purchasing should be privileges on the base of life cycle analysis 
and carbon emissions. Benefits should be reinvested in projects supporting patients 
and/or professionals as, for instance, providing incentives for the use of public trans-
port or eco-sustainable mobility by also creating suitable spaces. Research is essen-
tial for decision making, data on life cycle analysis of medical devices should be 
provided, carbon footprint of new practice and technologies must be investigated 
also to push development of sustainable devices. Comparing different health systems 
is useful to identify strategies on how to improve, based on the experience of others.

 Greening Surgery Is Greening People

The goal of greening is demanding, concerns about staff attitudes and increased 
workload, a lack of leadership and a lack of governance engaging in health care, 
transport policies and technology application, are mostly advocated to be the main 
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barriers. It is demonstrated that health care personnel attitudes or lack of awareness 
represent one of the most significant barriers to OR greening [39].

Research showed that staff members sometimes does perceive the engagement in 
greening initiatives as an inconvenient, time-consuming activity, as, for instance, 
because of the different plastic composition used in OR it cannot be recycled 
together and segregating individual plastics would likely interrupt the OR workflow. 
Usefulness of segregation is, as well, not always perceived because of the “it all 
goes out as trash anyway” attitude [20].

Interestingly this kind of concerns are often present already outside the work-
place as, for instance, global warming is not always believed to be a consequence of 
human activity and therefore creating a serious psychological barrier for engage-
ment during the working activities [18].

Reluctance to change can also be due to the lack of understanding and educa-
tion. Sometimes concerns around infection control arise because often early in 
professional curricula it is tough that cleanliness and sterility depends on the use 
of disposable products or that liquid medications may be disposed down the sink 
rather than in general landfills specifically designed to contain and control phar-
maceutical waste or even that incinerating OR waste before disposal “is never a 
mistake.” Furthermore, the exigencies associated with anesthesia, surgery, and 
medico legal requirements have amplified the apparent need for preparedness, 
even being over- prepared. This can be a hard habit to break because the alternative 
of “under- preparedness” can affect patient safety, patient outcome, and medico 
legal costs.

To overcome this resistance to change strong leadership is essential to create last-
ing effect and an environmentally mindful culture. The aim of reducing carbon foot-
print from healthcare facilities must necessarily pass from the implementation of 
directives aimed at reducing emissions. These should be structured in guidelines 
and applied by all employees. It is by imposition of guidelines that personnel is 
induced to pursue the objectives of the eco-sustainable reorganization plan over 
time. It has been shown that employees are generally enthusiastic to participate and 
being directly involved in initiatives aimed at protecting the environment, but a 
constant motivational boost is required. This can be encouraged through ongoing 
education programs or though mandatory retraining offered by hospital management.

At the operating room level, the surgeons play a prominent role having a strong 
decision-making role on the choice of instruments and operating equipment. A 
strong collaboration between surgeons, anesthetists, nurses, room attendants, hospi-
tal administrations, and even local administrations is necessary to be able to obtain 
a concrete change with a shared responsibility.

To facilitate this interaction, and prevent failure due to unclear scope, it is pro-
posed to set up an “OR greening team” with a team leader who maintains motiva-
tion on shared objectives, a facilitator who ensures that the group works well and a 
sponsor who can intervene by mitigating or solving any unforeseen events [40].

From the political-administrative point of view, the challenge is demanding due 
to the delay between the implementation of adequate policies with the reduction of 
GHG emissions and the achievement of climate change. If, today, we would achieve 
the reduction in emissions required to keep global warming below 2 °C, we would 
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not be able to appreciate a deviation until the year 2050 and such a 30–40 years 
prevision is difficult for financial systems to cope with.

The analysis of the costs for a more eco-sustainable operating room are, how-
ever, interesting and reserve some surprises as the savings are sometimes substan-
tial. Annual healthcare cost in the USA in 2020 was 4.1 trillion USD, in UK 289.6 
billion USD, and 118 billion USD in Italy. The percentage of gross domestic prod-
uct invested on healthcare is progressively increasing internationally. A study on 
Mediterranean countries has shown a positive correlation between economic 
growth, health expenditure and sanitation and on life expectancy. In detail it showed 
that a 1% upsurge in health expenditure contributes to a 0.0184%, 0.0252%, and 
0.0574% upsurge in life expectancy. Proper sanitation and waste management were 
identified as principal factors for preventing health related death [41].

In the USA, the disposal of healthcare waste accounts for about 20% of a hospi-
tal’s environmental services budget. Regulated waste costs 10–20 times more than 
general waste due to additional handling and processing. Given the considerable 
costs, it is reasonable to propose a correct differentiation of waste in the place where 
it is generated, which represents the single intervention with the greatest eco-
nomic impact.

At a single institution appropriate segregation saved USD 576,024 in a 24-month 
period for over 80,000 surgical cases [42].

Operation rooms do not only produce a lot of waste, but they are also highly 
energy consuming.

Saving energy, reducing emissions and at the same time saving on operating 
room costs is possible if appropriate initiatives are proposed and implemented. 
These can be divided into programmatic areas such as waste separation and recy-
cling, reprocessing of surgical instruments, appropriate fluid management, adapta-
tion of operating room lighting, reformulation of operating kits, use of multipurpose 
containers and reusable instruments, and conscientious use of anesthetic gases. An 
analysis of environmental stewardship programs in the USA in 2018 showed that 
utilizing a reusable canister fluid management system for suction canisters that 
automatically empties to the sanitary sewer could save up to 3.613 USD annually 
per OR; appropriate energy management by “powering down” ORs when unused, 
by switching off lights and computers and switching to LED for surgical lighting 
would save up to almost 8000 USD annually per OR. Medical device reprocessing 
saves 12,000 USD per year per OR, surgical kit reformulation limiting overage 
saves 9524 USD per OR annually and switching to reusable medical products and 
sterilization containers saves almost 23,000 USD per OR year [43]. Recycling sin-
gle use devices by reprocessing saves almost 100,000 USD annually per 100 bed 
hospital [44].

The total projected theoretical cost savings per OR are about 56,321 USD and 
this figure must be multiplied by the number of ORs of every single hospital. A uni-
fied and consistent approach to implementing best practices across the health care 
sector could save U.S. hospitals and ambulatory surgery centers nearly 2.95 billion 
USD annually and reduce waste to landfill by more than 265,000 ton each year.
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Furthermore, it is possible to donate unused or discarded materials by operating 
theaters to charity. These materials can be sent and used in countries in need in 
accordance with the directives and regulations in force. It is estimated that in the 
USA up to 200 million USD worth of unused or discarded OR material could be 
annually donated to charity [45].
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Chapter 17
The Bionic Man: From Neuromodulation 
to Visual Prosthesis

Jacopo Martellucci  and Francesca Dal Mas 

 Introduction

Modern medicine and, in particular, surgery can nowadays be considered as an 
advanced technological activity. Today, thanks to medical technology advance-
ments of recent years, medical and surgical practice and healthcare, in general, can-
not be separated from technology and the doctor–patient relationship is usually 
filtered by technological interface (computer, devices, sensors, etc.).

However, technology is progressively moving from a place between the doctor 
and the patient to a place inside the patient. From the concept of cyborg that was 
introduced in the late 1950s, the idea of integrating humans and machines has 
recurred in science fiction and popular culture.

Even if there is still a lot of confusion between cybernetic, bionic, robotic, artifi-
cial intelligence, and many other trendy concepts, one thing is sure: the develop-
ment of body–machine interfaces that provide a link between the human and an 
external or implanted machine may be capable not only to replace functions, but 
also to improve human capabilities.

When talking about bionics, we are considering the design of engineering sys-
tems, especially electronic ones, based on biological systems.

Cybernetics is instead the science of communication and control in living things 
(animals, humans) and machines.
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Robotics involves design, construction, operation, and use of robots. The goal of 
robotics is to design machines capable of carrying out a complex series of actions 
automatically and that can help and assist humans.

Current bionic technologies like bionic hands, leg prostheses, exoskeletons for 
paraplegia, retina-implants for blindness, and cochlear implants for deafness have 
helped numerous individuals with physical disabilities to recover and sometimes 
improve their lost function.

According to the World Health Organization, almost 16% of the global popula-
tion have a disability, and the increasing proliferation of bionic technologies has the 
potential to change stereotypes toward people with disabilities, usually perceived as 
good intentioned but lacking in physical abilities [1].

For many of these therapeutic possibilities, surgery is asked to play a decisive 
role, creating an interface between the nervous system and the machine, enabling it 
to communicate.

Technology first allowed us to move from the idea of “great incision: great sur-
geon” to the idea of “less invasive: greater surgeon.” In the near future it will enable 
us to move from the idea of “resecting surgery” to that of “replacing surgery.”

Bionics, cybernetics, robotics, and biotechnology, in general, are developing 
many fascinating ways of integrating our biological system with mechanical 
devices, such as limbs prosthesis, tissue regeneration, neurostimulators, pacemak-
ers, a lot of monitoring and therapy regulation sensors (cardiac function, pressure, 
glucose level, brain activity, etc.), vascular neuromodulation, artificial kidney, syn-
thetic tissues, cochlear implants, bionic eye, exoskeletons, and many others. The 
aim of this paper is to briefly describe some of those in which surgery is primarily 
involved in creating the neural-computer interface and in which the literature recog-
nizes potential or well established indications.

 Brain

From the use of electric eels described by Scribonus Largus in 47  AD in his 
Compositions for the treatment of headache and other diseases (such as arthritis), to 
Galvani and especially his nephew Aldini, that in the early 1800 carried out numerous 
studies on the effects of electricity (or galvanism) on the human body, during which 
he also investigated its therapeutic potential (in 1803 he described the treatment of 
severe melancholy by head electrical stimulation), until electroconvulsive therapy for 
neuropsychiatric disorders, a large variety of techniques for controlling, influencing, 
or modulating brain function have been explored in the history of medicine [2].

The modulation of brain function through the application of weak direct current 
was first observed directly in the early nineteenth century. Today, techniques for 
brain stimulation or neuromodulation vary depending on the clinical context, the 
precise location and size of targeted areas, and the desired effect.

In the last decades, deep brain stimulation and transcranial magnetic stimulation 
have had growing applications, offering alternatives to pharmacological treatment 
of neurological and neuropsychiatric disorders.
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Deep brain stimulation (DBS) has evolved considerably over the past four 
decades. Although it has primarily been used to treat movement disorders such as 
Parkinson’s disease, essential tremor, and dystonia, it has further been approved to 
treat obsessive compulsive disorder and epilepsy. Moreover, novel potential indica-
tions in both neurological and psychiatric disorders are undergoing active study [3].

Deep brain stimulation has a more favorable side-effect profile compared to 
lesioning procedures (such as thalamotomy and pallidotomy), and given the vast 
array of potential stimulation parameters, is highly adjustable. Moreover, it has also 
played an invaluable role for research, helping to a better understanding of basal 
ganglia circuitry and other connected neural networks and leading a renaissance of 
functional neurosurgery (Table 17.1). In the last years more than 1500 papers per 
year have been published (Fig.  17.1) and it is estimated that to date more than 
200,000 patients have received DBS and the number of new patients treated world-
wide is growing by more than 15,000 per year.

Table 17.1 Main indication for DBS with stimulation areas and levels of evidence according to 
Oxford classification (LoE: level of evidence)

Indication Main stimulation area Other stimulation areas LoE

Essential tremor Ventrointermedius thalamic 
nucleus

– Caudal zona incerta/posterior 
subthalamic area
– Ventrolateral thalamus
– Ventral oral posterior nucleus

I

Parkinson’s disease Superior-lateral subthalamic 
nucleus

Globus pallidus internus I

Dystonia Posteroventral globus 
pallidus internus

Subthalamic nucleus I

Obsessive 
compulsive 
disorder

Ventral capsule/ventral 
striatum

– Nucleus accumbens
– Bed nucleus of the stria terminalis
– Anteromedial subthalamic nucleus
– Anterior limb of the internal capsule
– Inferior thalamic peduncle

III

Epilepsy Anterior nucleus of the 
thalamus

– Cerebellum-hippocampus
– Centromedian- parafascicular 
complex

II

Chronic pain – Periaqueductal 
periventricular gray
– Sensory thalamus (ventral 
posterolateral nucleus/
ventral posterior medial 
nucleus)

– Ventral capsule/ventral striatum
– Anterior cingulate cortex
– Centromedian–parafascicular 
complex
– Anterior limb of the internal capsule
– Posterior hypothalmus

III

Alzheimer’s 
disease

Fornix – Nucleus basalis of Meynert
– Ventral capsule/ventral striatum

III

Depression Subcallosal cingulate gyrus – Habenula
– Medial forebrain bundle
– Inferior thalamic peduncle
– Ventral capsule/ventral striatum
– Nucleus accumbens
– Anterior limb of the internal capsule

III

(continued)
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Table 17.1 (continued)

Indication Main stimulation area Other stimulation areas LoE

Tourette syndrome – Centromedian/
parafascicular complex
– Dorsomedial thalamus

– Globus pallidus internus
– Anterior limb of the internal capsule

IV

Obesity Lateral hypotalamus – Nucleus accumbens
– Medial/lateral orbitofrontal cortex
– Medial prefrontal cortex
– Ventral pallidum
– Caudate-insula
– Anterior cingulate cortex-amygdala
– Putamen-hippocampus

IV

Anorexia nervosa Subgenual ginculate gyrus – Nucleus accumbens
– Bed nucleus of the stria terminalis
– Ventral capsule/ventral striatum

IV

Tinnitus Transverse temporal gyri 
(Heschl’s gyrus)

– Subthalamic nucleus
– Ventral intermediate thalamic 
nucleus
– Locus of the caudate neurons
– Amygdala-hippocampus

IV

Post traumatic 
stress disorder

Basolateral amygdala Subgenual cingulate gyrus V

Anxiety Anterior limb of the internal 
capsule

Nucleus accumbens V

Substance abuse Nucleus accumbens – Subthalamic nucleus
– Anterior limb of the internal capsule

IV

Refractory chronic 
cluster headache

Red nucleus – Substantia nigra- subthalamic nucleus
– Centromedian nucleus
– Parafascicular/subparafascicular 
nucleus
– Mammillothalamic tract
– Habenulo-interpeduncular tract

III

Vegetative state Centromedian-
parafascicularis nucleus 
complex

Mesencephalic reticular formation IV
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The basic components of DBS include the internal system, consisting of the lead 
and electrodes, the extension cables, and the implantable pulse generator (IPG), as 
well as the external system, consisting of the clinician programmer, the patient pro-
grammer, and a recharger for rechargeable devices [4].

A variety of DBS lead designs with different electrode configurations are avail-
able and the electric stimulation parameters vary according to the disorders and 
symptoms to treat. Emerging technology applied to DBS systems is enabling pro-
gramming choice to be shifted from a clinician’s empirical assessment to an auto-
matic device response to intrinsic neuronal changes, through recording of local field 
potentials (LFP). The use of LFP opens to an adaptive stimulation, representing a 
tailored closed loop control to the patient’s therapy management [5].

Despite the large amount of studies published about DBS, the exact mechanism 
of action still has to be completely clarified. One of the hypothesis is that electrical 
stimulation modulates abnormal circuits toward a more physiological state, through 
an inhibition/excitation activity. Moreover, neuroplasticity and remodeling effects 
have been reported, moving from a symptom control function to a disease cure 
activity [6].

Further development of novel neuromodulation techniques employing ultra-
sound, micro-scale magnetic fields, and optogenetics is emerging thanks to the 
rapid improvement and understanding of the clinical and experimental applications 
of artificial modulation of brain activity in human health and disease, suggesting a 
future yet to be written.

 Senses

Another well established example of brain–machine interaction is represented by 
the sensory prostheses. The cochlear implant, also known as the bionic ear, is one of 
the earliest forms of brain–machine interaction, with over 30 years of studies and 
more than 320,000 deaf patients treated [7, 8].

The cochlear implant is currently the only medical treatment available to par-
tially restore some form of hearing in patients with profound-to-severe hearing loss. 
Current literature suggests positive benefits of cochlear implantation regarding 
sound localization, QoL, tinnitus, and speech perception in noise and quiet. It is 
surgically placed under the skin behind the ear where it can bypass the normal 
sound-conducting mechanism converting sounds into electrical impulses which 
directly stimulate the residual auditory nerves.

In this field, remote implants programming, totally implanted devices, intraneu-
ral electrode placement, hybrid implants with electroacoustic stimulation could be 
promising evolutions of the actual technology.

However, even more fascinating are the various research lines that are currently 
ongoing to develop an artificial retina or “bionic eye” to enable blind people to 
see again.
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Since the 1950s, vision researchers have been working toward the ambitious goal 
of restoring a functional level of vision to blindness via electrical stimulation of the 
visual pathways.

The target of such stimulation is to evoke neuronal activity at a site where the 
visual pathway maintains his functional activity, irrespective of the underlying 
cause of blindness, then propagating to the visual cortex, resulting in some form of 
visual perception (usually spatially localized flashes of light, called phosphenes).

Considering this, patients with blindness resulting from retinal disease, such as 
age-related macular degeneration or inherited dystrophies such as retinitis pigmen-
tosa that often leaves the inner retina and optic nerve relatively intact, could be good 
candidates for a retinal vision prosthesis.

Conversely, damage to the inner retina or optic nerve requires a prosthesis that 
stimulates more distal sites along the visual pathway.

Regardless of whether the implant is cortical or retinal, there are common fea-
tures in the visual prostheses systems that include image acquisition, simplification/
processing, and transmission [9, 10].

Image acquisition is usually obtained through a camera, typically built into a pair 
of glasses. However, compared to normal vision, the percept that can be restored 
with visual prostheses is still rudimentary and the resolution remains relatively lim-
ited, even with relatively high numbers of electrodes.

Therefore, an important role in the optimization of prosthetic vision can be ful-
filled by image processing techniques, aiming to maximize the usefulness and inter-
pretability of phosphene representations, that involve from basic edge-filtering to 
more sophisticated algorithms, such as segmentation models for object recognition 
or facial landmark detection for emotion recognition.

Then, the image elaboration process generates electrical impulses for transmis-
sion to the electrode arrays that can take place across a wired or wireless connection.

Despite the appeal of the possibility of recovering sight, there is still few data on 
the results of the application of these devices in humans. Moreover, carefully 
designed training and rehabilitation programs will therefore be necessary to achiev-
ing successful outcomes, as will the development of appropriate tools for evaluating 
outcomes.

For sure, potential benefits in the evolution of these devices will be obtained 
through the advances of computer vision, deep learning models, artificial intelli-
gence, and neural interfaces, that will help in the near future to improve those fac-
tors that are still limiting the potential of these projects.

 Limbs

At least as fascinating as the bionic eye, and at an even earlier stage of development, 
is the form of brain–machine interaction in which the brain directly controls a com-
puterized prosthesis.
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Every year, more than one million of patients’ limbs are amputated in the world, 
mainly due to diabetes, trauma, peripheral arterial disease and cancer. Thanks to 
diseases and wars, amputations and consequently prostheses as their most immedi-
ate solution, have a long history, starting with hooks and other prosthetic replace-
ments of the Middle Ages up to modern bionic limbs.

However, there is a big difference in the function (and consequently construc-
tion) of bionic limbs for the upper (including hand) and the lower extremity.

In fact, while the lower limbs are used for balance, stability, standing, and walk-
ing, the situation in hand or forearm amputation, is the most complex, since the 
hand represents the highest level of evolution with sophisticated and unique 
functions.

The main problem of this kind of device is to connect and make the machine 
interact with the human body and his nervous system with a bidirectional commu-
nication between the electronic signals and the ionic currents of the living organism.

A standard myoelectric prosthesis usually consists of a shaft with a socket (when 
osseointegration is not preferred), the connection between the device and the patient, 
called the man–machine interface, and a robotic hand.

These prostheses receive their control motor signals from electromyographic 
electrodes placed in the prostheses’ shaft on the remnant stump muscles and skin. 
Novel surgical techniques have improved the efficacy of these surface technologies 
with direct muscular electrodes, direct nerve connection or neuromuscular rerout-
ing. In this last option, the remaining nerves of the brachial plexus, which have lost 
their distal target, are connected to new muscles (such as stump muscles or pectoral 
muscle). Those signals are then registered by the electrodes and transferred to the 
prosthesis to control motor function. In order to complete a bidirectional connection 
between the prosthesis and the nervous system, aiming to restore also the sensory 
function, some approaches have been proposed. These include non-invasive meth-
ods such as vibro or electrotactile direct stimulations, or invasive methods, by 
implanting electrodes to directly stimulate the peripheral nerves. Moreover, a tar-
geted sensory reinnervation has been proposed [11–14].

Despite several promising aspects offered by innovative bionic solutions, there 
are still several limitations, which must be faced prior to the widespread use of simi-
lar devices. Moreover, patients may still have issues that limit the acceptability of 
these devices. These include the need for extensive training and components main-
tenance, noise during the movements, weight of the prosthesis, aesthetic limitations, 
and prosthetic coverings.

However, the rapid technological advancements, the development of specialized 
centers and surgeons, and the need to improve these patients’ lives make us think 
that within a few years these devices will become an important reality.
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 Heart

The forerunner of all neuromodulation systems and the first that comes to mind in 
the mass imagination is surely the cardiac pacemaker. After more than 60 years 
from the first implanted device, huge improvements have been made to leads, 
devices, batteries, and indications.

The first pacemakers were little more than a battery and a timer, without any 
sensing capability. Moreover, a thoracotomy was required for the surgical implant.

Actual pacemakers allow wide programmability, wireless communication, mod-
ulated pacing rate, and automatic responses can be remotely monitored by physi-
cians and are provided with long life or rechargeable batteries [15].

However, modern bionic cardiology is not only pacemakers and involves several 
bioengineered devices for many diseases such as blood pressure control, heart rate 
control, angina pectoris, and heart failure (Table 17.2) [16]. In fact, bionic cardiol-
ogy can be defined as medical science in the field of cardiovascular medicine, which 
explores the electronic control of the heart and consequently of the entire 
human body.

Considering that, according to WHO, cardiovascular disease is responsible for 
up to 30% of mortality worldwide, the evolution of bionic cardiology may have a 
highly significant impact on global health and cardiac surgery.

For example, considering heart failure, there are over a million heart attacks or 
clinically significant angina episodes per year in the USA. Even if near to 90% of 
these patients survive, about one third may expect a recurrence in the future and of 
the 26 million heart failure patients worldwide, around 50% will die within 5 years 
from diagnosis.

Heart failure is not (yet) a curable condition, but its progress can be slowed con-
siderably thanks to drugs and other medications. The impact of cardiac implantable 
electronic devices on the incidence and progression of heart failure depends upon 
the type of device and device programming. While right ventricular pacing may 
exacerbate or worsen heart failure, cardiac resynchronization therapy or implant-
able cardioverter defibrillator can improve clinical outcomes.

Table 17.2 Cardiovascular diseases and potential electrical modulation treatments

Disease Potential treatment

Angina pectoris Carotid sinus nerve modulation
Arrhythmias Pacemaker

Carotid sinus nerve modulation
Vagal nerve stimulation

Hypertension Carotid sinus nerve modulation
Electroacupuncture

Hypotension Closed loop spinal cord stimulation
Transcutaneous electrical stimulation

Heart failure Implantable cardiac defibrillator
Implantable chronic vagal neurostimulator
Cardiac resynchronization treatment device
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Moreover, heart transplantation has become one of the standard therapeutic 
modalities to treat patients with severe heart failure; however, the availability of 
donor hearts is limited and another possible option is the artificial heart. Although 
greatly improved over the years, the artificial heart still remains a temporary solu-
tion, usually as a bridge to transplantation. The main problem is that the host body 
is not able to directly control the artificial heart and the prosthesis does not always 
work in concert with the host body. To solve this, an artificial heart must exchange 
various forms of information with its host body and the aim of the bionic medicine 
is to achieve such artificial organs, involving nerve activity and connections, micro-
processors and neuromodulation systems, blood pressure control, and cardiovascu-
lar brain interface.

Moreover, besides neural interface evolution, artificial heart technology contin-
ues to advance, with many innovative prototypes based on 3D printing, magnetic 
systems and new materials.

It is, therefore, to be expected that due to technological developments, cardiol-
ogy and cardiac surgery will change dramatically in the near future, affecting our 
current medical knowledge and the course of our patients’ lives.

 Visceral Activity

As happens for the other systems in our body, electrical stimulation of the enteric 
nervous system is an attractive approach to modify gastrointestinal activity. This is 
because the gastrointestinal tract, like the heart, has its own natural pacemakers, and 
the electric signals they generate can be influenced by externally delivered 
stimulations.

Various studies on animal models and humans have been performed, aiming to 
explore the potential effects on a large variety of diseases, including gastroparesis, 
slow transit constipation, obesity and dumping, short bowel, and other post-surgical 
or neurological syndromes [17, 18].

Moreover, as for brain or heart stimulation, pulse generators, pacemakers, batter-
ies, and electrodes evolution have made these types of devices increasingly acces-
sible, tolerable, and effective.

However, the results of the stimulation of the gastrointestinal tract are strongly 
influenced by the complexity of the brain gut (microbiota) axis, that involves intrin-
sic and extrinsic neural connections, metabolic/hormonal activity, immunological 
system interactions, and microbiota direct and indirect influence on gastrointestinal 
function. Without considering the combined effect of all these factors, the results of 
this type of therapies are difficult to predict and evaluate.

The majority of GI electrical stimulation treatments are performed through elec-
trodes placed in the serosal musculature or near the target nerves, connected to an 
implantable pulse generator (pacemaker) (Table 17.3).

Unfortunately, an easy and safe placement of the electrodes is not always possi-
ble, and endoscopic or transcutaneous approaches have been proposed.
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Table 17.3 Neuromodulation treatments of gastrointestinal disorders

Organ Disease Treatment

Esophagus – Dysphagia
– Achalasia
– GE reflux disease

Transcutaneous stimulation
LES stimulation

Stomach – Gastroparesis
– Obesity
– Diabetes
– Dumping syndrome
– Roux stasis syndrome

Gastric electrical stimulation
Vagus nerve stimulation

Small intestine – Regulation of digestion and metabolism
– Pseudo-obstruction syndrome
– Postoperative ileus
– Short bowel syndrome

Small intestine stimulation
Transcutaneous stimulation

Colon Slow transit constipation
Hirschsprung’s disease

Colonic stimulation
Transcutaneous stimulation

In fact, while the surgical placement of electrodes is (quite) easy for the stomach 
and the colon, it becomes prohibitive for the esophagus (accessibility) and small 
intestine (motility and risk of complications).

This could be one of the reasons why, with the exception of the Enterra® therapy 
(gastric stimulation for gastroparesis), other GI neuromodulation methods have still 
not received regulatory approval for clinical use.

The gastric pacemaker has shown varying effects on nausea, vomiting, abdomi-
nal bloating, weight loss, and quality of life in patients with gastroparesis, as well as 
reduction in inflammatory markers and increased insulin levels [19].

The colonic pacemaker has shown potential benefits on colonic transit, even if 
further studies and a better understanding of the pathophysiological mechanisms of 
slow transit constipation are needed before it can be introduced into routine clinical 
practice [20].

Although much has yet to be proven, the use of electrical stimulation, rather than 
chemical/pharmacological treatment, may allow a better organ-specific control, an 
earlier temporal effect (seconds/minutes) and a more modulable therapeutic cover-
age (on/off), suggesting that its role will increase in the near future. Minimally 
invasive surgical or interventional approaches for implantation or organ/nerve spe-
cific connection, beside technological evolution, will make these treatment options 
increasingly accessible and affordable.

 Pelvic Floor

Pelvic floor disorders were reported in 25–30% of women [21] and represent a 
major social problem, also due to an increase in the average age and life expectancy.
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There are many conditions that may affect pelvic anatomy and function and 
include pelvic organs prolapse, bladder, and bowel dysfunction (incontinence, uri-
nary retention, constipation, etc.), pelvic muscles and connective tissues weakening, 
pelvic pain, sexual dysfunction, neurogenic alterations.

Many treatments have been reported for pelvic floor disorders, that include phar-
macological, rehabilitative, surgical and behavioral options, giving the idea of the 
complexity of this integrated anatomo-functional system.

Sacral neuromodulation (SNM) uses electrical modulation to affect the physio-
logical response of the bladder, the rectum, and other pelvic viscera. Initially applied 
for bladder dysfunction, its concomitant previously unevaluated positive effect on 
intestinal function has prompted an extension of the potential indications also in the 
bowel function area.

There are currently well established indications for SNM (Table 17.4), and it is 
included in guidelines and clinical practice, although costs and expertise still limit 
its widespread use [22–25]. For other diseases it is still being studied, in some cases 
with promising results.

Aiming to obtain the same effects of neural modulation, the percutaneous tibial 
nerve stimulation (PTNS) has been proposed. However, compared to SNM, PTNS 
appears less effective and with less evidence supporting its use.

The surgical procedure of SNM includes implanting the electrode through one of 
the sacral foramina (usually S3), after testing the various sensitive and motor 
responses bilaterally and then connecting it to a subcutaneous or external pulse 
generator [26].

Even if a definitive understanding of the sacral neuromodulation mechanism of 
action is yet to be determined, multiple potential effects have been described that 
involve brain, spinal, peripheral pathways and reflexes.

However, with more than 300,000 patients treated with sacral neuromodulation 
worldwide, this kind of treatment will represent a solid reality also in the future, 
being part of the increasingly numerous therapeutic solutions based on a neural- 
computer interface.

Table 17.4 SNM indications Overactive bladder Well established
Urinary retention (nonobstructive) Well established
Fecal incontinence Well established
Neurogenic disorders of pelvic floor Selected patients
Pelvic pain Selected patients
Constipation Selected patients
Inflammatory bowel disorders Experimental
Inflammatory bowel syndrome Experimental
Sexual dysfunction Experimental
Spinal cord injury Experimental
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 Conclusions

The therapeutic possibilities described in this chapter certainly represent fascinating 
options, in some cases already well established, in others only potential. However, 
many issues still need to be addressed, not only technological or clinical, but also 
social and cultural. Patients’ acceptance of implantable devices, the social preju-
dices about disabled people having such devices, the indications for these treat-
ments also in pediatric age, the relevant costs, the fast technological obsolescence 
of long life devices, the management and disposal of batteries and other electronic 
components are just some of the problems that will have to be addressed in the com-
ing years.

Surely, the improvement of knowledge needed for the evolution of these devices 
will also answer many unsolved questions on the complex physiological and patho-
physiological connection of our body.
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Chapter 18
Regenerative Surgery: Tissue Engineering 
in General Surgical Practice

Nicerine Krause, Rohan Kumar, Philippe Compagnon, Ekaterine Berishvili, 
and Andrea Peloso

 Biomaterial Science, Regenerative Medicine and Tissue/
Organ Bioengineering

Regenerative medicine aims to replace and repair organ non-function through two 
fields: biomaterial science and tissue engineering. Biomaterial science wants to syn-
thesize biologically inert grafts to replace or repair impaired organ function. It com-
bines disciplines such as medicine, chemistry, chemical engineering, and mechanical 
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engineering. Joint replacements and osteosynthetic materials for the treatment of 
complex fractures, or the use of stents and mechanical heart valves, vascular grafts, 
cochlear, and dental implants are such examples. A wide range of biocompatible 
materials are already clinically used, including metals, ceramics, carbon, polymers, 
and alloys.

Biocompatibility, a crucial concept in the field of bioengineering, refers to the 
capacity of a biomaterial to execute a specific function while eliciting an appropri-
ate response from the host organism. Inadequate biocompatibility can drive to a host 
immune response causing a “foreign body” reaction, finally resulting in the destruc-
tion of the implanted material. One of the most biocompatible materials is titanium, 
which is widely used in orthopedic surgery. The assessment of a material’s biocom-
patibility requires in vivo and in vitro testing, with factors ranging from the vari-
ability of the host’s own immune system to the physical and chemical capabilities 
of the material.

In the literature, regenerative medicine is a term that encompasses various defini-
tions. It can be defined as a multidisciplinary science that allows the repair of a 
specific organ function through the combination of procedures such as cellular 
manipulation and material scaffolding [1–3]. It can be achieved through tissue engi-
neering, a subdiscipline of regenerative medicine, enabling tissue material to be 
created from bioactive molecules, cells, and cellular scaffolds. Tissue engineering 
(TE) aims to address the ongoing problem of donor organ shortage in transplanta-
tion and eliminate the need for anti-rejection medication [4, 5]. TE has led to bioen-
gineered bladders, vessels, heart valves, and even solid organs such as kidneys, 
hearts, livers, and lungs. TE principally relies on seeding cells into a synthetic/bio-
logical scaffold. A wide variety of cells can be used, from pluripotent cells to spe-
cialized adult cells [6]. Although very disposable and easy to obtain, adult specialized 
cells have the disadvantage of a short lifespan and very limited differentiation [7]. 
Stem cells derived from the blastocyst stage, known as embryonic stem cells, pos-
sess the highest potential for differentiation. Adult stem cells are found within spe-
cific tissues of the body: skin, fat lung, heart, kidney, and urethra. These cells play a 
crucial role in tissue repair and possess the capacity to differentiate into different 
cell lineages.

Adult stem cell transplantation with ex vivo seeding is a powerful TE tool; they 
are accessible and possess minimal risk of rejection. They can be divided into three 
groups according to their origin: autologous, allogeneic, and heterologous [8]. 
Employing autologous cells acquired through host biopsy, presents the challenge of 
achieving adequate proliferation levels, as the presence of a supportive scaffold is 
necessary to facilitate both functionality and proliferation [9].

This scaffold, which mimics the extracellular matrix in vivo, often comprises 
biomaterials that offer three-dimensional structural support and cellular signals [10] 
(Fig. 18.1).

There are three categories of biomaterial: synthetic polymers (polyglycolic acid), 
natural (collagen and hyaluronic acid), and decellularized tissue matrix (obtained 
with enzymatic breakdown). A high-quality scaffold ought to have a degradation 
profile compatible with tissue regeneration with minimal immunogenicity [11].
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Fig. 18.1 Tissue engineering: cultivating human stem cells into engineered tissue; this illustration 
showcases the process of tissue engineering using human stem cells (1), starting with the procure-
ment of stem cells from humans, which are then reprogrammed to a pluripotent state (2). The 
reprogrammed cells are placed in a bioreactor with a scaffold (3 and 4), where they interact with 
growth factor promoting the development of engineered tissue that can be transplanted onto the 
human body (5)

An adequate vascular supply is essential to maintain the viability of all tissues 
[12], similarly true in bioengineering. Decellularized scaffolds allow the mainte-
nance of an internal vascular framework that may be reconnected to host vessels, or 
promote de novo vasculature in vivo with proangiogenic growth factors [13, 14].

 Tissue Engineering Applications in General Surgery

 Abdominal Wall Reconstruction 
with Tissue-Engineered Solutions

Abdominal wall defects and tissue loss due to trauma, surgical resection, failed 
abdominal closure or hernias are common and abdominal wall surgery is one of the 
most commonly performed surgical act worldwide. The reconstructive challenge 
for surgeons is the repair of these tissue defects. The goal of abdominal wall recon-
struction is to restore and maintain a functional abdominal wall. Repairing may be 
by direct secondary closure of the aponeurosis or with the aid of a biological or inert 
(prosthetic) mesh. The use of mesh in abdominal wall reconstruction has been 
shown to reduce the risk of recurrence and is now the treatment of choice.
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Complex hernias require a component separation technique, which consists of 
dividing the multiple layers of the abdominal wall to create an advancement flap 
used to cover a large defect. However, poor quality tissue at the defect site usually 
does not allow for direct reconstruction. In these cases, a mesh could be often 
required to bridge or reinforce the defect. Although the technique of choice, the use 
of a prosthesis carries a higher risk of infection, particularly in incarcerated or per-
forated hernia. Prostheses can be subdivided into synthetic or biological, and 
absorbable or non-absorbable. Synthetic meshes are disposable and cheaper, the 
most commonly used material is polypropylene. Biological prostheses are made 
from composite non-cellular collagen scaffolds derived from cadaveric human der-
mis (allograft) or porcine dermis (xenograft), both of which have shown similar 
results in terms of strength and vascularization [8]. With no standard treatment for 
large abdominal defects and a high risk of recurrence, foreign body reaction and 
infection, a tissue engineering approach offers promising solutions.

Several studies have shown encouraging results. The use of stem cells in abdomi-
nal wall defects has been successfully demonstrated using autologous skeletal mus-
cle satellite stem cells seeded on collagen scaffolds with adequate integration and 
cellularization into the tissue host in rats [9]. Abdominal wall defects were repaired 
with tissue-engineered sheets in rats using a hybrid scaffold containing bone mar-
row fluid. Results after 16 weeks showed vascularization and regeneration of mus-
cle tissue without recurrence. Adipose tissue-derived stem cells injected into a 
dermal acellular matrix were shown to improve bioprosthetic mesh repair of ventral 
hernias in rats with increased vascularization [10].

Biomaterials currently available for abdominal wall reconstruction include:

• Synthetic Meshes. After the introduction of high-density polyethylene fiber 
(Marlex®) as the initial synthetic mesh [11], polypropylene (PP) started being 
used because of its flexible, heat-resistant properties which enabled it to be steril-
ized through autoclaving [12]. PP remains the most widely used material in 
abdominal applications [13], despite the advent of other materials like polyester 
(PS) [14]. These materials typically exhibit a net-like arrangement of filaments, 
frequently leading to damage to the peritoneum and a high incidence of adhesion 
formation. Infections are also a major complication when synthetic materials are 
used [15]. Furthermore, PP exhibits a shrinkage rate between 30% and 50% 
within 4 weeks, potentially resulting in subsequent folding after implantation, 
especially in situations involving limited elasticity and small pores [16]. 
Therefore, the employment of net-like meshes is not recommended for intraperi-
toneal placement.

• Biological meshes, often termed as grafts or biomeshes, are usually made from 
animal (xenograft) tissues like Surgisis® [17], Permacol™ [18, 19], CollaMend™ 
[20], Tutomesh®, and Strattice® [21], or human (allograft). The first implant 
based on tissue, porcine constructed intestine submucosa for abdominal wall 
reconstruction (Surgisis®), received approval in 1998. These decellularized 
matrices permit soft tissue to penetrate the mesh, ultimately remodeling with 
integration into the body. However, this process tends to result in a swift decrease 
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in mechanical strength, causing recurrence, particularly with allografts [22]. 
Chemically cross-linked meshes, like Permacol™ (an acellular dermal sheet 
derived from pigs), have enhanced the stability and longevity of grafts, reduced 
hernia recurrence rates while still achieving successful integration. Nevertheless, 
some studies [22] argue that cross-linking doesn’t substantially affect the tensile 
strength of the graft composites. Cross-linking these materials can prolong the 
absorption of the material [23] and enhance mesh stability, yet it may trigger a 
foreign body reaction similar to that seen with permanent synthetic meshes [24]. 
Consequently, the intended benefits of the so-called biocompatibility may be 
undermined. Traditionally, the use of enduring synthetic materials in clean, 
uncontaminated fields, opposing biological material within infected fields. 
However, some lightweight, macroporous permanent synthetic meshes have 
demonstrated positive results in contaminated environments [25], arguing for 
superiority in biological meshes.

• Cell-Coated Meshes. The synergy between surgical mesh and the peritoneal 
membrane is pivotal in graft success, minimizing adhesions. Studies reveal that 
autologous cell-coated meshes, such as Parietex™, TIGR® or Strattice™, 
increase tissue integration, reduce inflammation, and postoperative complica-
tions. Nonetheless, the widespread use of surgical meshes in abdominal hernia 
repair is limited due to technical challenges, the potential for premature cell 
detachment, and regulatory constraints [26, 27]. A recent study by Cheng and 
colleagues [28] highlighted that a PP mesh layered with adipose-derived stem 
cells decreased tissue adhesion, fibrosis, and mesh-related complication rates. 
While cell-coated meshes show promise in abdominal hernia repair, there are 
significant hurdles. These include the workload of attaching autologous stem 
cells to the scaffold material before implantation, potential early detachment, 
and approval regulations. As a result, these challenges restrict the widespread 
application and reduce the frequency of using cell-coated meshes in abdominal 
hernia repairs [29].

 Innovations in Skin Engineering and Regenerative Medicine 
for Skin Replacement

Skin engineering and regenerative medicine have fast emerged as revolutionary 
fields in modern healthcare, promising new hope for individuals suffering from 
severe skin damage or loss [30]. These techniques cover various methods to produce 
bioengineered skin substitutes for effective wound management, skin grafts, and 
total skin replacement. Currently, primary skin therapy includes autologous and 
allogenic treatments using healthy tissue grafts, which limits the possibility of ade-
quate coverage for large wounds. The main challenge for chronic wounds is to 
restore an adequate environment promoting vascularization and control of inflam-
mation. Moreover, in the face of severe burns, chronic ulcers, traditional treatments 
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often fall short, leading to considerable morbidity and mortality [31]. Given the 
limitations of conventional autografts and allografts, such as restricted availability 
of donor sites, risk of rejection, and potential disease transmission, regenerative 
medicine emerges as a promising alternative for skin replacement [32]. One of the 
most promising developments in this field is the use of stem cells in skin engineer-
ing. Stem cells, notably mesenchymal stem cells and induced pluripotent stem cells 
(iPSCs), are capable of differentiating into keratinocytes and fibroblasts required for 
dermis regeneration [33]. Through the process of seeding these stem cells onto bio-
material scaffolds, bioengineered skin is generated, which not only replicates the 
structural characteristics of native skin but also exhibits functional properties [34]. 
Biomaterial scaffolds are another integral part of skin engineering. They provide a 
three-dimensional framework for cell attachment and growth, leading to tissue for-
mation. The selection of materials plays a critical role, with a growing preference 
for biodegradable and biocompatible substances such as collagen, hyaluronic acid, 
and polylactic acid. These scaffolds are designed to mimic the extracellular matrix 
of skin, supporting cellular interaction and growth while also degrading at a rate that 
allows for the regeneration of tissue [35]. A further innovative approach involves the 
use of bioprinting in skin engineering. Bioprinting is a technique that allows for the 
precise placement of cells, biomaterials, and growth factors layer by layer, mirror-
ing the complex structure of human skin [36]. Despite the significant advances in 
skin engineering, several challenges remain. One of the main issues is the vascular-
ization of bioengineered skin, crucial for nutrient supply and waste removal [37]. 
Another challenge is achieving full functionality, including sweat glands and hair 
follicles, which are typically missing in currently available skin substitutes [38]. 
Furthermore, ensuring that bioengineered skin replacements are safe, effective, and 
affordable enough for widespread clinical use is a significant hurdle, particularly in 
light of stringent regulatory requirements [39]. In conclusion, skin engineering and 
regenerative medicine have the potential to revolutionize skin replacement therapies 
and promise treatment options for patients with severe skin injuries, reduce the reli-
ance on traditional grafts and accelerate recovery [40].

 Tissue Engineering and Regenerative Medicine Applied 
to Gastrointestinal Tract

The advent of organ bioengineering has heralded a new era in the treatment of gas-
trointestinal diseases, offering a transformative approach toward organ replacement 
and regeneration [41]. Gastrointestinal diseases, ranging from inflammatory bowel 
disease to gastroesophageal reflux disease, have long caused significant morbidity 
and mortality [42, 43]. Traditional treatment approaches, although efficacious, are 
often marred by long-term complications and the burden of lifelong medication [44, 
45]. This groundbreaking technology leverages the regenerative capabilities of stem 
cells and the architectural support of biocompatible scaffolds, giving rise to 
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functional tissues and organs for transplantation [46]. If successfully implemented, 
it could provide a sustainable solution to the perennial challenge of organ shortage, 
presenting an unprecedented opportunity to fundamentally transform the manage-
ment of gastrointestinal diseases [47].

 Tissue Engineering Applied to Esophageal Replacement

Tissue engineering may substitute traditional esophageal replacement methods. 
Reconstructive procedures after esophagectomy for benign conditions or cancer, 
typically involve gastric or colonic translocations or, less frequently, free or pedi-
cled jejunal grafts, also used in the treatment of long-segment esophageal atresia. 
Whether addressing a relatively short diseased segment of the esophagus or stric-
tures recalcitrant to dilatation, complete esophageal replacement is typically neces-
sary. Despite the significant morbidity, mortality, and imperfect functional outcomes 
related to esophageal reconstruction, including reflux, delayed emptying, dumping 
syndrome, and long-term strictures or distensions, it remains the primary treatment 
options [48, 49]. In the past, the clinical use of synthetic materials like Teflon and 
Dacron has been reduced due to inconsistent success rates, primarily attributable to 
the high frequency of foreign body rejection, anastomotic fistula, and stricture for-
mation. Even in cases where rejection doesn’t occur, these materials’ lack of bio-
compatibility often results in persistent infection accompanied by severe fibrosis, 
hindering future attempts at esophageal tissue remodeling techniques [50]. 
Allogeneic esophageal graft has also been explored as clinical alternatives however, 
these approaches were quickly abandoned due to the difficulty associated with re- 
vascularization [51]. A more modern approach involves a hybrid technique that 
incorporates a cell-free matrix and autologous epithelial and muscle cells, which are 
showing a considerable success. In the realm of esophageal tissue engineering, 
advancements have predominantly focused on natural matrices, primarily extracel-
lular matrix (ECM) and collagen. These matrices, well-regarded for their role in 
reducing inflammation, fibrosis and promoting tissue remodeling, are generated 
through enzymatic treatment of native organs or tissues, each providing a unique 
three-dimensional environment for the residing cells [52]. The process of creating 
ECMs involves a careful balance by fully removing cellular components while pre-
serving the intricate protein structures. Alongside structural and adherence proteins, 
these matrices harbor polysaccharides that assist cell adhesion. Furthermore, ECMs 
are known to release specific proteins that can stimulate cell growth and migration, 
playing a crucial role in tissue repair [52]. However, collagen matrices, typically 
constructed from type I bovine collagen due to its similarity to human collagen, can 
be molded into two or three-dimensional shapes. Their composition of only one 
ECM constituent is thought to limit their effectiveness compared to natural ECMs 
[53, 54]. Current studies are harnessing the potential of mesenchymal stem cells, 
which are well-known for their differentiation potential, pro-angiogenesis, immu-
nomodulation, and anti-inflammation. Interactions between cells and these matri-
ces, in vitro, allows the assessment of cell adhesion, proliferation, and the formation 
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of a structured tissue. A variety of studies have demonstrated the potential of these 
matrices to cultivate multilayered epithelial structures [55, 56]. Additionally, stud-
ies have revealed that seeding myoblasts, the precursors of striated muscle cells, on 
a small intestinal submucosa-derived matrix can promote the formation of multi-
nucleated muscle fibers [57]. The future may see the creation of esophageal replace-
ments from acellular “smart matrices” that encapsulate molecules necessary for 
tissue regeneration, bypassing the implantation stage yet eliciting standardized bio-
logical responses in vivo. Currently, tissue engineering applications for esophageal 
replacements are confined to enlargement procedures using absorbable, non- cellular 
matrices.

 Tissue Engineering Applied to Stomach

TE principles have also been applied in the field of gastric oncology, as the use of 
benign strictures has become limited with the advancements in medical ulcer treat-
ments. Gastrectomy is often an important strategy in the treatment of gastric cancer 
[58]. A common postoperative complication is the post-gastrectomy syndrome, 
which is characterized by diminished food intake capacity and abdominal discom-
fort caused by the rapid emptying of the stomach. The diminished functionality of 
the endocrine, exocrine and paracrine systems primarily contributes to these symp-
toms. Gastric replacement with Roux-en-Y jejunal transposition is a common 
approach to address this issue. However, this technique does not significantly 
improve food intake. Another viable option is to create a jejunal pouch [59].

Minimally invasive procedures such as endoscopic submucosal dissection, lapa-
roscopic wedge resection, and intramucosal resection represent a significant 
advancement in the treatment of early-stage gastric tumors [60, 61]. TE involves the 
primary culture of different types of gastric epithelial cells, such as the chief cells 
that produce pepsinogen, the parietal cells responsible for acid secretion, and the 
cervical and pit cells that produce mucus [62, 63]. When cells are cultured outside 
their natural environment, they often experience a loss of their specialized proper-
ties, which hampers their functionality and practical application. Furthermore, the 
lack of selectivity poses a significant challenge. The stomach consists of a diverse 
range of cell types, making it difficult to culture a purified sample of a single cell 
type [64]. This highlights the need for refined techniques that can accurately isolate 
specific cells to obtain a pure culture. The cell-free approach introduces a promising 
strategy that employs biomaterials solely for the purpose of promoting cellular 
growth. For instance, research conducted by Chandra et al. demonstrated the suc-
cessful utilization of porcine collagen dermal graft derived in conjunction with a 
PGA scaffold repair the anterior wall defect of a canine lower stomach body [65]. 
The outcomes highlighted successful repair without the occurrence of anastomotic 
leakage or infection, but did not exhibit smooth muscle layer regeneration. The use 
of epithelial organoid units offers another novel approach. This innovative method 
facilitates interactions between epithelial and mesenchymal cells, which are crucial 
for processes such as morphogenesis, proliferation, and differentiation [66]. In a 
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related study, tissue-engineered stomachs were created from epithelial organoid 
units. These were implanted onto biodegradable polymer tube scaffolds from neo-
natal rats and then grafted into the omentum to stimulate growth [67]. Within a span 
of just 3 weeks, the implanted tissue reached its maximum size. The presence of 
parietal and gastric cells was confirmed, along with neovascularization, demonstrat-
ing the success of this technique. Nevertheless, no submucosal layers were detected, 
and the size of the villi, considerably smaller than expected. In 2021, Wells et al., 
succeeded in creating a mini-stomach that has complex features such as nerve- 
mediated muscle contractions and acid production [68]. These “organoids” may 
well be able to repair the gastrointestinal tract. A stomach organoid with mixture of 
three embryonal cell types—epithelial, enteric neural crest, and mesenchymal cells. 
After the initial developmental phase in the incubator, the organoids were trans-
planted into mice.

 Organ Engineering Applications in Transplantation Surgery

 Bioengineering Liver Transplantation

The use of animal-derived ECM as a scaffold in the bioengineering of liver tissue 
has been studied with success. Porcine liver ECM was used for human hepatocyte 
repopulation, which resulted in improved liver function by increased albumin secre-
tion and cytochrome P450 activity [69] (Fig. 18.2). Likewise, rat liver ECM has 
been used to repopulate human liver cells, demonstrating functional bile production 
and secretion [70]. Nevertheless, concerns regarding immunogenicity and potential 
transmission of infectious agents have been raised with the use of animal-derived 
ECM. As a result, there is a growing interest in the use of human-derived ECM for 
liver bioengineering. Human liver ECM has been shown to effectively facilitate 
liver regeneration in animal models [71]. Furthermore, decellularized human liver 
tissue has been successfully used as a scaffold to repopulate human hepatocytes, 
demonstrating improved hepatic function including albumin and urea synthesis 
[72]. Research has also focused on using modified ECM to bioengineer the liver. 
Techniques such as cross-linking have been used to improve the mechanical proper-
ties of ECM scaffolds [73].

In addition, the creation of a liver scaffold staring from discarded human graft, 
has been also explored. In 2015, Mazza et al. have proposed a detergent-based pro-
tocol to produce acellular, whole human liver-lobe scaffold. This protocol involves 
the use of a freeze/thaw series followed by perfusion with two distinct detergents 
(Sodium Dodecyl Sulphate SDS (1%); Triton X-100 (3%)). After histological con-
firmation of successful decellularization, the different scaffold components were 
analyzed quantitatively and finally the scaffold was recellularized in order to verify 
its biocompatibility. Collagen and elastin quantification have shown a complete 
preservation compared to non-treated liver. Also, the ultrastructural characterization 

18 Regenerative Surgery: Tissue Engineering in General Surgical Practice



248

Bioengineering liver with human hepatocytes and porcine derived ECM:
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Fig. 18.2 Organ reengineering through development of a transplantable recellularized liver graft 
using decellularized liver matrix; porcine derived liver is decellularized obtaining a patient-size 
liver scaffold. The scaffold is then recellularized with human hepatocyte finally resulting in a engi-
neered, metabolic active, liver tissue able to secrete albumin

confirmed how the decellularization process does not affect the original geometrical 
morphology. Finally, the authors have tested human liver scaffold biocompatibility 
through two important essays. Firstly, they have weathered interspecies biocompat-
ibility of decellularized human liver ECM scaffolds by implanting ECM acellular 
scaffold into immunocompetent mice. Samples have been then evaluated 7 and 
21 days after the implantation. Lymphocytes and PMN cells were detected at 7d 
post-implantation whereas modest signs of inflammation were identified after 
21 days. These results were therefore able to show that, 3 weeks after implantation, 
no immune reaction can be detected. Moreover, observation of host-derived endo-
thelial and other mesenchymal cells repopulating a biological scaffold highlights 
the need for further research to understand this aspect and to better comprehend the 
process following the implantation of the scaffold. Secondly, the authors explored 
cell behavior once seeded on this scaffold. LX2 (a human hepatic stellate cell line), 
HepG2 (epithelial cells derived from hepatocellular carcinoma) or Sk-Hep-1 (endo-
thelial cells, derived from highly invasive human adenocarcinoma) human cell types 
were used to repopulate liver cubic scaffold. At different time points, cellular lines 
have shown progressive engraftment into the matrix. HepG2 successful repopula-
tion was also proven by marked Ki67 positivity. This paper has paved the way 
toward the use of a human-derived ECM-based scaffold for liver bioengineering. 
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Moreover, introducing growth factors and other bioactive molecules into the ECM 
scaffold has been shown to promote cell differentiation and tissue growth [74]. 
Beyond liver bioengineering, ECM-based scaffolds have been investigated for 
potential treatment of liver diseases. For example, a decellularized ECM hydrogel 
derived from rat liver was used to stimulate liver regeneration in a rat model of liver 
fibrosis, resulting in a reduction in liver fibrosis and improvement in liver function 
[75]. Furthermore, building on the knowledge gathered on the creation of a trans-
plant purposes, the importance of the liver matrix also for in vitro studies is becom-
ing increasingly significant. However, despite the significant potential of ECM-based 
scaffolds in liver bioengineering for the generation of transplantable liver tissue and 
the treatment of liver disease, numerous challenges remain. These include optimiz-
ing ECM composition and structure to support cell growth and function, ensuring 
appropriate cell sourcing, obtaining regulatory approval, and facilitating clinical 
translation.

 Bioengineering Pancreas Transplantation

The emerging field of pancreatic bioengineering, particularly using techniques 
based on ECM, holds great potential to revolutionize regenerative medicine and 
pancreatic transplantation. This advancement is particularly significant for the man-
agement of diabetes [76]. In the field of beta-cell replacement, ECM-centered bio-
engineering has the potential to overcome a number of obstacles currently facing 
medical practitioners and researchers. A primary concern is the shortage of avail-
able donor organs, resulting in long waiting lists for patients requiring pancreas or 
islet transplantation [77]. Utilizing ECM-based bioengineering offers a promising 
foundation for creating functional pancreatic tissue from alternative sources like 
induced pluripotent stem cells (iPSCs) [78]. Moreover, the recognized critical role 
of the ECM in supporting the survival, proliferation, and differentiation of pancre-
atic progenitors and beta cells has garnered significant interest [79]. Ongoing 
research is focused on the development of ECM-based hydrogels and scaffolds spe-
cifically designed for the encapsulation of pancreatic islets and beta cells. The aim 
of these efforts is to enhance cell viability and functionality after transplantation 
[80]. These methods could provide treatments for type 1 diabetes patients, who cur-
rently rely on external insulin delivery and are at significant risk of complications 
[81]. A notable example of pancreatic ECM-based bioengineering revolves around 
the process of decellularization. This involves the extraction of cellular components 
from donor organs while leaving the native ECM structure intact. This results in 
acellular ECM scaffolds that retain their biochemical and biomechanical properties. 
These scaffolds can then be repopulated with isolated islet cells, theoretically cir-
cumventing issues of immune rejection and organ scarcity [82–84]. Research by 
Goh et al. (Fig. 18.3) demonstrated the feasibility of using decellularized porcine 
pancreatic ECM as a scaffold for the differentiation of human iPSCs into insulin- 
producing beta cells [77]. The team found that the pancreatic ECM promoted the 
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Fig. 18.3 Porcine pancreas extracellular matrix as a platform for endocrine pancreas bioengi-
neering; porcine pancreas is decellularized, resulting in an acellular extracellular matrix (ECM) 
which is then combined with induced pluripotent stem cells (iPSCs) derived from human cells, 
leading to the development of engineered β-cells

formation of three-dimensional islet-like structures that exhibited glucose- 
responsive insulin secretion and improved survival compared to cells grown under 
traditional two-dimensional conditions. This work highlights the potential of ECM- 
based bioengineering techniques to generate functional, transplantable pancreatic 
tissue from iPSCs. Beyond decellularization, the exploration of synthetic ECM ana-
logs for pancreatic bioengineering is also underway [85]. These materials can be 
fine-tuned to mimic the physical and biochemical properties of the native ECM, 
allowing precise control of cell behavior and tissue formation [86]. For example, 
hydrogels composed of polyethylene glycol (PEG) and heparin have been used as 
scaffolds to encapsulate pancreatic islets, demonstrating the potential to protect 
cells from immune attack while preserving their functionality in vivo [87]. However, 
despite the significant progress made in pancreatic ECM-based bioengineering, sev-
eral hurdles remain. A key issue is the need to improve techniques for its isolation, 
purification and characterization of pancreatic tissue-derived ECM components. 
The extraction process is challenging due to the limited presence of ECM in the 
pancreas and its complex composition. Improving techniques to isolate, purify, and 
fully characterize ECM components is a critical concern. However, this improve-
ment is essential for the development of well-defined, reproducible, and efficient 
biomaterials [88]. In 2016 we have proposed the use of human discarded pancreas 
to bioengineer pancreas-like ECM.  This study successfully produced acellular 
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extracellular matrix scaffolds from the human pancreas (hpaECMs), an important 
step toward creating a fully human-derived bioartificial endocrine pancreas with 
potential patient-specific cell compatibility. Not only did the human-derived ECM 
retain vital growth factors, innate molecular and spatial framework, and stiffness, 
but they also inhibited naïve CD4 T-cell expansion while promoting their conver-
sion into regulatory T cells, which play a crucial role in maintaining immune bal-
ance by inducing and sustaining tolerance in organ transplantation. This demonstrates 
significant potential as a promising platform for future advancements in regenera-
tive medicine, specifically for the development of bioartificial pancreas [89]. More 
recently different cellular sources have been explored for recellularization. In par-
ticular, Lebreton et al. have made a significant breakthrough in organoid research, 
creating functional insulin-secreting organoids (ISOs) from dissociated islet cells 
and human amniotic epithelial cells (hAECs), generating organoids with predict-
able shapes and sizes similar to pancreatic islets, thus highlighting the necessity of 
an accessory cell component for organoid stability. Notably, hAECs were found to 
promote the insulin-producing cells viability, enhance organoid resilience under 
pre-implantation conditions, promote angiogenesis, and improve long-term survival 
and graft function in a mouse model of type 1 diabetes, all of which underpin their 
promise for future diabetes research and organoid engineering [90]. Recent findings 
by the team headed by Citro Antonio have highlighted the remarkable potential of 
combining ECM scaffolds with iPSCs to generate transplantable pancreatic tissue. 
In their study, they showed that ECM scaffolds could support the differentiation of 
iPSCs into beta cells and improve their function [91]. These findings represent a 
significant step forward in the field of pancreatic bioengineering. Informations 
deriving from all the above-described experiments are crucial to correctly select cell 
population for repopulate pancreatic ECM scaffold. It suggests that with continued 
research and development, ECM-based bioengineering may become a viable 
approach to pancreas transplantation in the near future.

 Bioengineering Kidney Transplantation

While kidney transplantation is considered the only cure for end-stage renal disease 
(ESRD), the lengthy average waiting period of 3–5 years highlights the pressing 
need for alternative solutions. One promising approach is the bioengineering of 
kidney extracellular matrix (ECM) as a scaffold to create functional kidney substi-
tutes, potentially revolutionizing transplantation methods [92]. The concept behind 
ECM-based kidney bioengineering involves the process of decellularizing kidney 
tissues, which carefully extracts cells while leaving the ECM intact. This decellular-
ized ECM scaffold is then populated with kidney cells or stem cells, capable of 
maturing into functional renal tissue [93]. ECM-based scaffolds provide a natural 
environment conducive for cell growth and differentiation, promoting tissue regen-
eration [94]. A significant advantage of this approach is the potential to create func-
tional kidneys using patient-derived cells, minimizing the risk of organ rejection 
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and reducing the need for immunosuppressive treatments [95]. Moreover, scaffolds 
sourced from animal ECMs provide a viable alternative to those derived from 
humans, demonstrating efficacy in supporting cell growth and differentiation [96].

Promising results have been achieved in kidney bioengineering studies. For 
instance, Song et al. created a bioengineered kidney using decellularized rat kidneys 
as a scaffold and neonatal kidney cells from rats as seed cells, as documented in 
Nature Medicine [97]. This engineered kidney was capable of urine production both 
in vitro and in vivo post-transplantation into rats. A similar study employed porcine 
kidneys as a scaffold coupled with human kidney cells, yielding a functional kid-
ney [98].

Kidney bioengineering has made significant strides since its early small animal 
studies. Meticulous experimentation and advancements in tissue engineering tech-
niques have proven the feasibility of generating functional kidney tissue in small 
animal models. These studies have provided vital knowledge on cell sourcing, scaf-
fold design, and organ maturation. Building on this foundation, researchers are now 
focused on translating these findings into clinical applications. The field of kidney 
bioengineering holds great promise in addressing the increasing need for organ 
transplantation. It brings hope to patients awaiting life-saving treatments and paves 
the way for future breakthroughs in regenerative medicine [99].

 Extracellular Matrix and Tumor Bioengineering

The extracellular matrix (ECM) plays also a critical role in tissue homeostasis and 
cellular behavior. In the context of tumor bioengineering, ECM is a dynamic micro-
environment that influences tumor initiation, progression and response to therapy 
[100]. In tumor bioengineering, alterations in ECM composition and remodeling 
processes can create a pro-tumorigenic microenvironment exemplified, for exam-
ple, by deposition of collagen type I and fibronectin which promote tumor growth 
and invasion or by metalloproteinases (MMPs) which facilitates tumor cell migra-
tion and metastasis [101, 102]. Mechanical properties of the ECM, including stiff-
ness and topography, contribute to tumor progression, supporting tumor cell 
survival, proliferation and resistance to apoptosis [103, 104]. Mechanotrasduction 
also influences tumor cell phenotype and gene expression [105] whereas ECM 
topography can guide tumor cell migration and invasion, with aligned fibers pro-
moting directional movement [106]. Furthermore, it has been demonstrated that 
ECM proteins, particularly those belonging to the laminin family, play a role in drug 
resistance and the induction of tumor cell dormancy [107]. Advances in bioengi-
neering techniques have enabled the development of tumor models that mimic the 
complex ECM architecture and tumor-stromal interactions. Three-dimensional 
(3D) cell culture systems incorporating biomimetic ECM scaffolds have provided 
insights into tumor behavior and drug response [108]. Microfluidic platforms have 
facilitated the study of tumor invasion and metastasis in a controlled 

N. Krause et al.



253

microenvironment [109]. Moreover, bioengineered tumor models incorporating 
patient-derived ECM components have the potential to personalize cancer therapy 
[110–112]. In conclusion, the interplay between the ECM and tumor bioengineering 
is a complex and multifaceted process: alterations in ECM composition, mechanics 
and signaling contribute to tumor initiation, progression and resistance to therapy. 
By understanding the intricate relationship between the ECM and tumor biology, 
researchers can develop innovative bioengineering strategies to better mimic the 
tumor microenvironment and improve cancer treatment outcomes.

 Conclusions: Future Directions and Challenges

While stem cells hold great potential to revolutionize clinical medicine, it is impor-
tant to acknowledge that many stem cell-based treatments have not shown long- 
lasting improvements. Most of the observed benefits appear to be temporary, and 
the ability of stem cells to integrate and differentiate effectively over the long term 
has not been convincingly established [113]. Previous initiatives in regenerative 
medicine have relied on stem cell administration via injection or topical application, 
often yielding marginal benefits. Hence, contemporary research increasingly turns 
to scaffolds and biomolecules to boost cell survival and potentially enhance clinical 
outcomes following stem cell therapies [114, 115]. This concept refers to the bio-
chemical and biophysical conditions found in tissue-specific environments that sup-
port stem cell functionality. Current regenerative medicine strategies strive to 
emulate these homeostatic cues in order to preserve the effectiveness of adminis-
tered stem cells within an unfamiliar environment. Almost all known stem cells’ 
functional niches have been described, underlining the intricacy of adjacent cells, 
the surrounding matrix, biochemical gradients, and physical forces in supporting 
cell “stemness.”

Vascularization poses a significant challenge in the clinical application of tissue- 
engineered structures. While in vitro constructs can be sustained via nutrient/waste 
diffusion alone, bioengineered tissues and organs for in vivo use must develop and 
maintain a vigorous vascular system to safeguard graft viability. The “de novo” 
creation of a microvasculature is exceptionally complex, and the underlying mecha-
nisms remain unclear. The capacity to integrate these constructs with the host vas-
cular system could also be a challenge, as functioning arterial, capillary, and venous 
components must be in place. An innovative approach that could potentially over-
come both of these obstacles involves the use of autologous expendable microcircu-
latory beds based on microsurgical ‘free’ flaps, such as those used in reconstructive 
surgery. Our team has developed a rat model where composite tissue flaps (based on 
the superficial inferior epigastric vessels) can be harvested and maintained on an 
ex vivo bioreactor system. These constructs can either be transfected to produce 
therapeutic peptides or seeded with stem cells before subsequent reimplantation 
[93, 116, 117]. These expendable tissue flaps contain preexisting functional 
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microvascular systems that can be surgically connected to the host vasculature, 
symbolizing a novel approach to fabricate highly vascularized neo-organs. Another 
strategy for solid organ engineering involves the use of decellularized whole-organ 
scaffolds that are subsequently reseeded with adult cells. The decellularization pro-
cess conserves the matrix architecture, providing a structural framework for deliver-
ing exogenous cells.
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Chapter 19
Translating Knowledge in Surgery

Francesca Dal Mas , Lorenzo Cobianchi, Enrico Cicuttin, Paola Fugazzola, 
Simone Frassini, Luca Ansaloni, Fausto Catena, and Jacopo Martellucci 

 Introduction

Knowledge is one of the essential resources for every organization [1]. Therefore, 
knowledge management is regarded as a fundamental business process for institu-
tions in every industry [2]. The purpose of knowledge management is to facilitate 
the creation of new knowledge, as well as the transfer and dissemination of existing 
knowledge, both inside and outside the organization. Diverse stakeholders and 
actors must collaborate within the knowledge cycle for knowledge and meaningful 
information to be effectively transferred and shared [3].

In the current economic environment, ecosystems are becoming increasingly 
open and interconnected [3, 4], and a variety of different subjects need to collabo-
rate to reach organizational goals. In healthcare, clinical practices are increasingly 
based on a multidisciplinary approach, and the clinical course is determined 
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collaboratively by professionals from various disciplines [5]. In oncology, multidis-
ciplinary professional groups such as breast units or pancreas units have proven to 
be more effective than non-specialized centers at providing care [5–9]. In addition, 
all clinical decisions should be shared with the patient to assess his or her care pref-
erences, values, and goals [10, 11], resulting in shared-decision making [12]. 
Technology providers and industry partners are required to share information and 
clinical practices to support medical professionals’ decisions with accurate data and 
facts [13–16].

Knowledge must be communicated and transferred among various stakeholders, 
whether they are internal or external to an organization [17, 18]. However, the 
involved parties may have different educational backgrounds, skill sets and compe-
tencies, requirements, values, ages, etc. Such differences may represent a formida-
ble barrier that prevents effective knowledge sharing and transmission and, 
consequently, the creation of new knowledge [19–21].

 The Concept of Knowledge Translation and Its Facilitators

The term “knowledge translation” (KT) evokes the concept of a foreign language 
being translated into a different language in another context. The process describes 
how knowledge should be transformed to enable individuals with various character-
istics to transfer such knowledge effectively [22, 23].

The most famous definition of KT is provided by the Canadian Institutes for 
Health Research, which defines KT as the process which “includes knowledge dis-
semination, communication, technology transfer, ethical context, knowledge man-
agement, knowledge utilisation, two-way exchange process between researchers 
and those who apply knowledge, implementation research, and development of con-
sensus guidelines” [24].

The manner in which KT is conceptualized and the eventual instruments that can 
facilitate the KT process are heavily dependent on the type of actors involved in the 
translation and sharing of knowledge, as well as the purpose of the transfer.

KT processes may not always appear simple and straightforward. In light of this, 
the literature has identified a number of tools and techniques that can facilitate the 
translation process among various stakeholders and contexts. While some of them 
may appear innovative, such as design artifacts [19, 23, 25] and paradoxes [26], oth-
ers look more traditional and even linked to an organization’s everyday activities, 
such as management control systems [27]. In general, these tools and facilitators 
can be categorized into the following groups.
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 Tools Based on Technology

The translation process can be facilitated by innovative and technologically 
advanced instruments. New technologies, particularly those associated with the 
internet and the so-called Industry 4.0 enable people and organizations to interact 
and share knowledge in novel ways. For instance, electronic health records allow 
multidisciplinary professionals to share data and information about a single patient 
(such as test results, CT scans, images, evaluations, etc.) or even to aggregate data 
from multiple patients with the same pathology [28]. Web portals, social media 
networks, and online platforms make it possible to collect and share information on 
virtually any subject, even medical advice. The virtual interaction between users, 
institutions, and public agencies can result in effective knowledge translation, par-
ticularly when information comes from credible sources (such as official websites 
from national or supranational agencies, countries, or regions), as was the case in 
the management of the COVID-19 pandemic [29–32].

 Tools Based on Technical Skills

The medical profession is characterized by a body of relevant technical knowledge. 
Tools like clinical guidelines [33] have the vital role of suggesting clinical behaviors 
to physicians in the event of a particular situation. Checklists [34] are created to 
ensure that no essential information is overlooked.

 Tools Based on Non-technical Skills

Non-technical skills have proved to play a central role in healthcare and surgery 
[35–38]. Non-technical or soft skills are the personal competencies that can benefit 
a person’s career or success [39]. While technical skills can be readily acquired 
through formal education or on-the-job training, soft skills appear to be connected 
to an individual’s personality and are, therefore, challenging to obtain from scratch. 
Examples include leadership and the capacity to work in a team. These non- technical 
or soft skills have proven to be valuable facilitators in the KT process, such as in 
multidisciplinary teams [40] or the relationship between physicians and patients [37].
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 Educational Resources

Education and training, whether in medical schools, during residency, in life-long 
learning programs, or on the job, are valuable facilitators for aligning competencies 
to improve the communication process among multidisciplinary professionals. In 
addition to combining other categories, educational tools may also use web-based 
platforms, such as webinars or simulators [41] or social media. Education can also 
refer to non-professional actors, such as citizens, like to promote organ donation 
[42], or in the case of the COVID-19 pandemic and associated social distancing 
measures [43].

 Creative Instruments

Other tools that rely more on creativity and non-traditional techniques to facilitate 
the translation of concepts have been identified in the literature. Among these facili-
tators, design and design artifacts stand out as effective techniques in multiple con-
texts, such as patient engagement and co-production [19, 21].

 Social-Activity-Based Instruments

The final category of tools comprises those that rely on the interaction of multiple 
parties to facilitate the exchange of knowledge and experience, thereby easing the 
translation process. Several techniques have been discussed in the literature over the 
years, ranging from gaming and gamification [44] to dancing and singing [45] and 
walking [46]. Traditional and more technical social instruments consist of testimo-
nials and multidisciplinary teams and committees [47, 48].
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 An Overview of Knowledge Flows and Translation Processes 
in Surgery

As with all medical specialties, the surgical ecosystem sees the interaction of sev-
eral actors that need to exchange knowledge to ensure the best possible clinical 
outcome. Such actors are not limited to the multidisciplinary medical team and the 
patient, but in some cases, also involve public entities and agencies, for instance, for 
those pathologies that recommend prevention and early testing. Moreover, surgical 
science has a strong connection with technology and technological innovation. 
Therefore, research centers and technology providers belonging to the private 
industrial sector actively participate in the game, seeking and sharing new 
knowledge.

Table 19.1 summarizes some of the possible knowledge flows and their aims 
considering the various stakeholders in the surgical panorama.

 Knowledge Translation to Promote Equity and Limit 
Surgical Disparities

One of the most debated topics in the current surgical organizational literature is 
related to surgical disparities and equity in access to care [49, 50]. The framework 
by Torain et al. [51] underlines five crucial steps in the surgical journey in which 
disparities in care may happen. The first one is related to patient-related factors, as, 
often, minorities or people with disabilities may experience poorer surgical out-
comes, including access to trials [52]. The second one refers to the type of hospitals 
or institutions. Specialized and high-volume hubs experience better surgical results 
due to their expertise [8]. However, they may be out of reach. In some geographical 
areas or contexts, people may not be able to get into such hubs because of the lack 
of financial means or adequate insurance coverage [51]. And even when patients 
are, indeed, admitted, they may access different levels of care according to, for 
instance, the seniority or skills of the surgeon in charge, the level of the available 
technology, and so on [51]. In developing countries, instruments and advanced 
training may be lacking, as it happens in oncology [53]. Last but not least, patients 
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communication

Aware
decision-making

Correct clinical
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Patient
factors
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Clinical care
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rehabilitation

Access to
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Fig. 19.1 Some of the KT 
flows in promoting access 
to care. (Adapted from 
Torain et al. [51])

who underwent surgery may need extensive follow-up and rehabilitation. Those 
who cannot access adequate rehabilitation because of a lack of money, time, or the 
presence of work or family duties may delay their healing process [54].

Although more extensive policies and strategies are needed to treat a complex 
and challenging issue, KT may contribute to limiting surgical disparities and pro-
moting equity in access to surgical care. Indeed, proper KT strategies and facilita-
tors may enhance surgeon-patient communication, allowing shared-decision 
making. Understanding medical facts like recommended behaviors, risk factors, and 
best practices may lead patients to carry on and maintain correct behaviors, boost-
ing satisfaction and outcomes. These may include getting understandable clini-
cal data.

Figure 19.1 summarizes some of the concepts related to KT flows in the various 
steps when surgical disparities may arise.

Overall, KT stands as an effective and strategic process in surgery and surgical 
care, facilitating the relationships and knowledge dynamics among the various 
stakeholders of the surgical scenario. Promoting sound KT practices and aids may 
contribute to co-production dynamics, patient’s engagement, better surgical out-
comes, and enhanced communication and dynamics within surgical teams.
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