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Despite the body of literature in favor of the volume-outcome relationship and of 
the consequent centralization of high-risk operations, many aspects require further 
investigation. It is therefore a real pleasure for me to introduce this important book, 
for which Marco Montorsi engaged other world-renowned authors, whose experi-
ence and scientific excellence have produced a complete collection of contributions 
in this debated field.

Particular attention is paid to the core outcome set in surgical oncology, focusing 
on the selection of appropriate outcomes in clinical research and stressing not only 
their proper evaluation but also the need for the findings to be easily translated to 
practice and to be useful, reliable, and relevant to patients, healthcare professionals, 
and others involved in making decisions regarding healthcare provision.

This volume also highlights the strategic role of AGENAS in the development of 
oncological networks in Italy and the volume-outcome relationship in the different 
fields of surgery: esophageal, hepatobiliary, pancreatic, colorectal, soft tissue sarco-
mas, breast, endocrine, and robotic.

The importance of combining risk management and real-time indicator monitor-
ing is also extensively discussed, as well as the mutual relationship between central-
ization and the accreditation process.

The volume is exhaustive in every aspect and it should represent a point of refer-
ence for every surgeon. On behalf of the Italian Society of Surgery, I would like to 
thank all the eminent authors who collaborated in producing this important 
monograph.

Turin, Italy� Paolo De Paolis
September 2020� Italian Society of Surgery

Turin, Italy

Foreword
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This new volume addresses a unique topic on the balance between outcomes and 
volumes in oncological surgery. Is ‘The more I do, the better I do’ really true? For 
everyone, anywhere, and for any patient who experiences a diagnosis of cancer? 
The editor has had the intuition to address a challenging topic, delivering responses 
to the needs of all involved in the fight against cancer. The editor has put together a 
team of authors from among leading clinicians as well as institutions and patients’ 
representatives to provide a critical and exhaustive overview of this issue.

Readers will immediately gain a clear image and definite answers to some open 
questions on the correlation between volumes and outcomes. Pros and cons, current 
practices, results, scientific evidence, and necessary strategies are all discussed with 
extraordinary harmony.

High standards and excellent results are obtained only by creating networks and 
investing in an adequately trained and skilled workforce. Clinical networks are 
mandatory not only as a monitoring tool, but also to enhance training, facilitate 
research, and lead political and regulatory activities ranging from prevention to 
management. All these actions guarantee year after year superior oncological results 
while we are all engaged in contrasting the dramatic rise of the global cancer burden.

This inspiring volume represents a useful tool that should be present on our desk 
to guide us in our daily practice.

Rome, Italy� Pierpaolo Sileri
September 2020� Deputy Minister of Health

Rome, Italy

Foreword
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Preface

The series Updates in Surgery, published by Springer, represents one of the master-
pieces of the editorial activities of the Italian Society of Surgery; the aim has always 
been to present both its members and the national and international surgical com-
munity with monographic volumes which take stock of current and at times some-
what controversial issues.

Therefore, I would like to thank the Board of Directors of the Society not only 
for identifying and investigating this important area for the first time but also for 
entrusting the task to me as editor.

The relationship between the volume of surgical activity and clinical outcome is 
not a new topic and it was first dealt with in the surgical literature in the late 1970s. 
Subsequent contributions, particularly from the USA and later from other European 
settings, enabled the accrual of data demonstrating a positive correlation between 
the two areas, especially in the presence of surgical interventions of high complexity.

However, awareness of this correlation did not lead to consistent changes within 
the surgical community.

Indeed, adopting the policy of centralizing certain surgical procedures is far from 
trivial and involves a series of issues. These include logistical and organizational 
factors, which have a significant impact not only on healthcare organization but also 
on the lives of our patients and their families.

The monograph sets out to present an accurate state-of-the art picture of this 
controversial issue thanks to an up-to-date analysis of the literature and the use of 
data from the Ministry of Health and our Italian specialized government agency, the 
latter also contributing a specific chapter to the volume.

I would like to thank the many outstanding and experienced colleagues, who 
represent the majority of the leading specialist scientific societies in Italy, for their 
enthusiastic collaboration in the drafting of the various chapters on specific onco-
logical diseases.

Essential to the debate are the chapters providing snapshot situations in the USA 
and in the rest of Europe, for which my gratitude is extended to my friend and 
Honorary Member of our Society Fabrizio Michelassi and to Pierre Alain Clavien at 
the European Surgical Association for the excellent collaboration.

The work is completed by a series of other more general chapters, which deal 
with some closely related organizational issues. One such chapter illustrates the 
processes which guarantee the correct measurement of surgical performance, its 
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monitoring and its use, in the light of achieving an effective policy for the quality of 
healthcare services, a policy not yet so widespread in our country.

I am very proud to present the result of this long and complex collective work to 
the public and I believe that the monograph will contribute to the clarification of 
ideas and positions to be taken on this issue.

This joint effort has brought together the best of our surgical communities and 
national scientific societies and we hope that it will also prompt our institutions to 
officially consider the question in hand and activate effective regulatory action.

Milan, Italy� Marco Montorsi 
September 2020

Preface
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The Relationship Between Volume 
and Outcome in Surgery: A Brief 
Introduction

Matteo Donadon and Marco Montorsi

1.1	 �Forty Years of Studies

The first report of the relationship between volume and outcome in surgery was that 
from Luft et al. in 1979 [1, 2], who showed higher mortality rates in patients who 
underwent complex procedures in low volume centers. Since then, many different 
original studies and systematic reviews have reported a positive relationship between 
hospital volume and clinical outcome for different surgical procedures [3–7]. In 
particular, Birkmeyer et al. [8, 9] have clearly shown how the quality and quantity 
of surgical operations were related, consistent with the slogan “the more I do, the 
better I do”. Indeed, based on millions of operations, mostly on cancer patients, a 
positive correlation between 30-day mortality and number of operations was con-
firmed both for raw and for risk-adjusted data. This was found to be relevant mainly 
for high-risk procedures such as pancreatic and esophageal resections. These find-
ings were recently validated by Morche et  al. [10], who performed a systematic 
review of the subject. Among 32 reviews on 15 different high-risk procedures, the 
positive correlation between volume and outcome was confirmed, although method-
ological quality of most of the reviews analyzed was only moderate.
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Starting from there, specific national policies have been implemented worldwide 
to centralize high-complexity procedures with the aim of improving the overall 
quality of care. Some successful European examples of these policies include those 
adopted in the United Kingdom, where the centralization of esophagogastric and 
pancreatic surgery has decreased mortality by 5% and 1%, respectively [11, 12], in 
Denmark, where there is a strong centralization with the highest rate of minimum 
number of cases per year [13], and in the Netherlands, where, similarly to the United 
Kingdom, the mortality rates after pancreatic resections significantly decreased 
from 9.8 to 3.6% [14]. However, these positive correlations between volume and 
outcome were found to be more evident for high-risk procedures only. Indeed, the 
same Dutch experience did not find any significant correlation between hospital 
volume and outcome after rectal surgery [15].

1.2	 �Some Open Questions

Despite the body of literature in favor of the volume-outcome relationship and of 
the consequent centralization of certain high-risk operations, many aspects require 
further investigation. Indeed, these volume-outcome analyses suffer some method-
ological limitations:

•	 the time perspective, which usually is limited to 30-day mortality;
•	 the volume cut-offs that have been reported almost arbitrarily in most of the 

published studies;
•	 the collinearity with other important determinants of hospital mortality, such as 

the so-called “failure to rescue”, meaning that the decrease in mortality due to 
major complications is also dependent on the improvement of postoperative care, 
the quality of which is more closely related to some specific hospital character-
istics (i.e., specialized intensive care unit, high nurse-to-patient ratios, etc.) than 
to the number of operations performed [16, 17];

•	 the conundrum of what is more important between surgeon volume and hospital 
volume, given that some operations require specific intraoperative skills (pre-
dominance of surgeon volume), and others may require major procedures during 
the postoperative course (predominance of hospital volume);

•	 the potential fallacy of extending the positive correlations between outcome and 
volume to low-risk procedures with a view to promoting centralization for per-
sonal/local interests.

It is important to note that there are some limitations to the centralization of sur-
gical procedures.

•	 First, the increase in travel requirements of patients and relatives, which means 
increased costs for the patient’s family and in general for society. Increased dis-
tance between home and hospital means prolonged waiting times, fragmentation 
of the continuity of care in the community, and exposure of the patients to 

M. Donadon and M. Montorsi
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inconveniences and risks that should not be neglected—especially in the case of 
aged patients. Very few studies have investigated the patient decision-making 
process, but Liu et al. [18] have shown that the driving distance likely remains 
the main reason why patients choose to undergo complex cancer operations at 
low-volume centers.

•	 Second, the training of specialized surgeons should be guaranteed throughout the 
country without restrictions. Thus, also complex surgical procedures should be 
available in high-quality centers across the country, and networking among the 
centers might be optimized to improve the quality of care.

•	 Third, it is interesting to note that the improved outcome in high-volume centers 
may follow two scenarios: outcome parameters may reach a plateau after a given 
cut-off number of procedures or may be associated with poorer results when a 
given hospital reaches its limit [19]. Considering that the number of hospital 
beds, specialized intensivists, specialized surgeons, and specialized nurses is 
finite, this second scenario is not so improbable in the real world.

While waiting for new studies on the subject, surgeons, clinicians and other 
health professionals will have to tackle these issues on their own so as to be active 
runners in this important match. Hospital volume acts as a proxy measure and/or 
surrogate of technical and non-technical elements that need to be identified and 
assessed in both low- and high-volume centers [20, 21].

The debate is thriving, and we gladly introduce this collection of contributions 
by outstanding and world-renowned authors in the hope of sustaining it with objec-
tive data and thoughts.
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Core Outcome Set in Surgical Oncology: 
Why, What and How to Measure

Oriana Ciani, Aleksandra Torbica, and Rosanna Tarricone

2.1	 �Introduction

The establishment of the evidence-based medicine paradigm has promoted the use 
of clinical trials to evaluate whether interventions are effective and safe for 
patients by comparing their relative effects on outcomes chosen to identify bene-
fits and harms. Careful selection of outcome measures is essential if research and 
audit is to inform clinical practice and guide health policy, as decision makers, 
clinical professionals and patients use this information to make well-informed 
healthcare choices.

However, recent studies have demonstrated a largely inconsistent approach to the 
selection, definition, measurement and reporting of outcomes. Inadequate attention 
to the choice of outcomes in clinical trials has led to avoidable waste in the produc-
tion and reporting of research, as the outcomes considered are not always those 
regarded as most important or relevant by key stakeholders (patients, decision-
makers, health professionals) [1]. The outcomes may also be differently defined and 
measured, thus making it difficult or impossible to synthesize the results of different 
research studies in a meta-analysis and apply them in a meaningful way to inform 
practice.
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2.2	 �Core Outcome Measures in Surgical Oncology: Why?

A systematic analysis of oncology research found that more than 25,000 outcomes 
had appeared only once or twice in oncology trials [2]. Out of 134 clinical studies 
in reconstructive breast surgery, less than 20% of the 950 outcomes assessed were 
clearly defined, with lack of consistency across definitions based on timing of 
occurrence, method of diagnosis, mode of treatment [3].

Alongside inconsistency in the measurement of outcomes, opportunities for out-
come reporting bias exist and add to the problems faced by people trying to use 
healthcare research.

There is a clear need for consistent and appropriate selection, measurement, use 
and reporting of outcomes in clinical research and practice. The inconsistencies and 
bias due to incomparable data available on the effects of interventions could be 
addressed with the development and application of agreed standardized sets of out-
comes, known as core outcome sets (COS), to be measured and reported as a mini-
mum requirement in all effectiveness trials for a specific health area. Effective 
implementation of COS ensures that all trials provide usable evidence, allows cross-
study comparisons and may inform data collection and discussion during clinical 
encounters. COS are not intended to restrict the number of outcomes in a particular 
trial; rather, the intention is to set out the basic outcomes that will always be col-
lected and reported, whilst investigators are fully expected to continue to explore 
additional outcomes [4].

2.3	 �Core Outcome Set in Surgical Oncology: What?

A COS may be developed to cover all aspects of a disease or health condition, but it 
may also focus on a particular type of treatment only, or on a specific age group or 
stage of disease. According to a recent taxonomy for outcome classification, out-
comes included in core sets can be classified in a variety of domains from survival/
mortality to physiological or clinical, adverse events, functioning, delivery of care, 
global quality of life, personal circumstances and resource use [5]. In many cases 
these outcomes are assessed as patient-reported outcomes (PROs). PROs can be 
defined as a measurement of any aspect of a patient’s health status that comes 
directly from the patient, without the interpretation of the patient’s responses by a 
physician or anyone else [6].

The Outcomes Measures in Rheumatoid Arthritis Clinical Trials (OMERACT) 
initiative led a pioneering development of a COS in rheumatoid arthritis, followed 
by similar efforts in other disease areas [7]. The International Consortium for 
Health Outcomes Measurement (ICHOM) has published, up to March 2020, 32 
standard sets which are standardized outcomes, measurement tools and time points 
and risk-adjustment factors covering different conditions and specific patient pop-
ulations (https://www.ichom.org/standard-sets/). The COMET (Core Outcome 
Measures in Effectiveness Trials) initiative aims to collate and stimulate the devel-
opment, application and promotion of COS, by supplying relevant resources and 

O. Ciani et al.
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methodological support. One of such resources is the COMET database, a publicly 
available internet-based platform that includes published accounts of COS devel-
opment, as well as planned and ongoing work [8].

Latest reports on the COMET database reveal that oncology is the most prevalent 
disease category (16%) among included studies, and surgery is the focus of 8% of 
entries [4]. These studies originated predominantly in North America (83%) and 
Europe (76%). The implications of this research go beyond the clinical trialists’ 
community, as the developers of 11% of the COS identified intended their recom-
mendations for clinical practice as well as health research.

As of September 2019, among the 250 entries in the COMET database, we iden-
tified 8 studies defining relevant outcome sets in surgical oncology according to the 
content of this handbook: two in gastric cancer [9, 10], two in esophageal cancer 
[11, 12], one in breast cancer (reconstructive breast surgery) [13], and three in 
colorectal cancer [14–16] (Table 2.1). Four ongoing and still unpublished studies in 
pancreatic cancer (http://www.comet-initiative.org/studies/details/280), liver cancer 
(http://www.comet-initiative.org/studies/details/607), lung cancer (http://www.
comet-initiative.org/studies/details/659) and emergency surgery (http://www.
comet-initiative.org/studies/details/1099) were excluded, as well as two commen-
taries [17, 18] and a patient perspective report from the BRAVO (Breast 
Reconstruction and Valid Outcomes) study [19], whose main output has been 
included in our analysis.

The stakeholder groups involved in developing a COS vary between clinical 
areas. Whilst two studies do not involve stakeholders other than the reviewers writ-
ing the report, there has been a trend towards greater involvement of patient and 
public representatives (also caregivers, patient support groups and charities), which 
are included in 59% of all COS identified by COMET [4]. Clinical experts continue 
to be involved in almost all studies and sometimes manufacturers, epidemiologists 
and investigators are consulted.

The methods applied range from systematic reviews of clinical studies to com-
prehensively identify a list of outcomes for a health condition to face-to-face inter-
views and structured methods for consensus generation (e.g., consensus meeting, 
Delphi process, nominal group technique).

Tables 2.2, 2.3, 2.4, and 2.5 provide a summary of the relevant outcomes recom-
mended by the different studies for inclusion in COS across disease categories.

These outcomes are generally classified as mortality/survival measures (e.g., in-
hospital, perioperative, long-term), adverse events and complications (e.g., anasto-
motic leak), symptoms (e.g., diarrhea, nausea), delivery of care and resource use 
(e.g., length of stay, operation time), quality of life (e.g., role function, social 
function).

Two of the studies focus specifically on PROs and patient-reported outcome 
measures (PROMs) to be included in COS for colorectal and gastric cancer, respec-
tively. Challenges in the identification and selection of relevant PROs in COS are 
accentuated by the abundance of different (and often ill-defined) questionnaires, the 
multiplicity of items and scales per questionnaire and lack of a universally agreed 
terminology [20].

2  Core Outcome Set in Surgical Oncology: Why, What and How to Measure
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Table 2.2  Core outcome sets proposed in surgical oncology—colorectal cancer

Whistance 2013 [16] McNair 2015 [14]a McNair 2016 [15]
• � Overall survival, 30-day mortality, 

postoperative mortality
• � Anastomotic leak, wound infection
• � Local recurrence, distant recurrence
• � Number of retrieved lymph nodes, 

circumferential resection margin
• � Diarrhea, nausea
• � Operation time, blood loss
• � Reoperation, hospital stay, hospital 

readmission

• � Bodily pain
• � General health 

perceptions
• � Mental health
•  Physical functioning
• � Role limitations due to 

emotional health 
problems

• � Role limitations due to 
physical health problems

• � Social functioning
• � Vitality
[Short Form 36 (SF-36), 
generic]
•  Physical domain
•  Role domain
•  Emotional domain
•  Social domain
•  Cognitive domain
•  Global health status
•  Fatigue
•  Pain
•  Emesis
• � Further symptoms
[EORTC Quality of life 
questionnaire (QLQ-C30), 
cancer-specific]
•  Body image
•  Sexual function
•  Micturition problems
• � Gastrointestinal tract 

symptoms
• � Chemotherapy side 

effects
•  Defecation problems
•  Stoma-related problems
•  Sexual problems
•  Sexual enjoyment
•  Weight loss
•  Future perspective
[EORTC Colorectal Cancer 
Module (QLQ-CR38), 
disease-specific]

•  Long-term survival
•  Cancer recurrence
•  Resection margins
•  Anastomotic leak
• � Perioperative 

survival
• � Surgical site 

infection
• � Stoma rates and 

complications
• � Conversion to open 

operation (where 
appropriate)

•  Physical function
•  Sexual function
•  Fecal incontinence
•  Fecal urgency

EORTC European Organisation for Research and Treatment of Cancer
aStudy specifically dealing with patient-reported outcome measures (PROs) and patient-reported 
outcome measures (PROMs) to be included in core outcome sets

2  Core Outcome Set in Surgical Oncology: Why, What and How to Measure
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Table 2.3  Core outcome sets proposed in surgical oncology—gastric cancer

Karanicolas 2011 [10]a Alkhaffaf 2018 [9]
•  Dysphagia
•  Pain
•  Reflux
•  Eating
•  Anxiety
•  Taste
•  Hair loss
•  Dry mouth
•  Body image
[EORTC Stomach Module (STO-22)]
•  Core symptoms
•  Physical items
•  Psychological items
•  Social items
•  Disease-specific
[Gastrointestinal Quality of Life Index 
(GIQLI)]
•  Reflux
•  Abdominal pain
•  Indigestion
•  Diarrhea
•  Constipation
[Gastrointestinal Symptom Rating Scale 
(GSRS)]

•  5-year survival
• � Number of lymph nodes dissected/resected/

retrieved
•  Operative time
•  Pancreatic fistula
•  Duration of hospital stay
•  Duration of postoperative hospital stay
•  Pneumonia
•  Wound infection
•  Abdominal abscess

EORTC European Organisation for Research and Treatment of Cancer
aStudy specifically dealing with patient-reported outcomes (PROs) and patient-reported outcome 
measures (PROMs) to be included in core outcome sets

Table 2.4  Core outcome sets proposed in surgical oncology—esophageal cancer

Avery 2017 [11] Blazeby 2015 [12]
•  Overall survival
•  In-hospital mortality
•  Inoperability
• � The need for another operation  related to 

their primary esophageal cancer resection 
surgery

•  Respiratory complications
•  Conduit necrosis and anastomotic leak
•  Severe nutritional problems
•  Ability to eat and drink
• � Problems with acid indigestion or 

heartburn
•  Overall quality of life

• � Expected in-hospital experiences and 
milestones to recovery (including length  
of stay and pain control)

•  Chances of inoperability
• � Information about major complications 

(reoperation, leak, respiratory problems)
•  In-hospital mortality
• � Expected recovery milestones after 

discharge and follow-up
• � Impact on eating and drinking in the longer 

term
•  Long-term overall quality of life
•  Long-term survival

O. Ciani et al.
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2.4	 �Core Outcome Set in Surgical Oncology:  
How to Measure?

The first step in COS development is typically ‘what to measure’, which is the 
domain necessary to measure and report in health research or clinical practice. 
Recommendations on ‘when’ and ‘how’, what outcome measurement instruments 
(OMIs) to use, usually follow. Gargon et al. estimated that about 38% of COS stud-
ies contained recommendations about how to measure the outcomes in the COS [1]. 
In this respect, the Consensus-based Standards for the selection of health 
Measurement Instruments (COSMIN) initiative is to be referenced (http://www.
cosmin.nl/). COSMIN aims to improve the selection of OMIs, and has developed 
methodological standards for studies on the measurement properties of OMIs. In 
the evaluation of the measurement properties of the OMIs that could potentially be 
included in a COS, COSMIN recommends a predefined order of importance:

	1.	 content validity;
	2.	 internal structure (i.e., structural validity and internal consistency, and/or Item 

Response Theory (IRT)/Rasch model fit);
	3.	 where applicable, the remaining measurement properties (i.e., reliability, mea-

surement error, hypotheses testing, cross-cultural validity, criterion validity, and 
responsiveness) [21].

2.5	 �Conclusions

In this chapter we have illustrated some examples of COS proposed for relevant 
surgical oncology specialties. The selection of appropriate outcomes in clinical 
research needs greater attention from the scientific community, if findings are to be 
easily translated to practice and useful, reliable, and relevant to patients, healthcare 

Table 2.5  Core outcome set proposed in surgical oncology—reconstructive breast surgery

Potter 2015 [13]
•  Implant-related complicationsa

•  Flap-related complicationsa

•  Major complicationsb leading to readmission to hospital
•  Unplanned surgery for any reasonb

•  Donor-site problems/morbidityb

•  Self-esteemc

•  Emotional well-beingc

•  Normalityb Feeling “back to normal self”
•  Quality of lifeb

•  Physical well-beingc

•  Women’s cosmetic satisfactionb

aItem core to professional group only
bItem core to both patients and professionals
cItem core to patient group only

2  Core Outcome Set in Surgical Oncology: Why, What and How to Measure

http://www.cosmin.nl/
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professionals, and others making decisions regarding healthcare provision. Overall, 
effectiveness trials, being more or less pragmatic, are designed to assess whether an 
intervention is effective for routine clinical practice and outcomes, therefore, need 
to be relevant and important to patients as well as clinicians and other key decision-
makers. The involvement of the public in the development of COS is particularly 
relevant for comparative effectiveness research, where long-term patient-centered 
outcomes are often the important endpoints. The types of people who are regarded 
as (or determined to be) key to developing a COS are likely to involve clinical 
experts and the public.

It is of paramount importance for health information systems today to be able to 
collect, record and interpret the outcomes recommended for measurement in COS, 
including PROMs [22], which have been traditionally neglected by the clinical and 
performance data records. The advent and fast development of mobile health tech-
nologies will certainly foster the process.
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3.1	 �Introduction

National healthcare services are undoubtedly facing complex challenges that require 
the formulation of care models increasingly oriented towards the integration of 
health services among the different supply areas, at either the hospital or commu-
nity level. Various tools are currently available to foster this integration: in particu-
lar, the management of healthcare through the use of clinical networks is the main 
contributor to the modernization of the sector [1]. The last few years have been 
characterized by a progressive reduction in the spread of infectious diseases (the 
leading cause of death throughout past centuries) and the increase of chronically 
degenerative conditions together with an increasingly fragile healthcare service. 
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In this peculiar framework, one cannot ignore the changing demographic scenario, 
characterized by the dramatic fall of births, the constant lengthening of life expec-
tancy, the overall ageing of the population and, finally, the growth of immigration. 
In this perspective, the issue of oncological networks gains importance.

3.2	 �Background

The recent debate is rather controversial: on the one hand, oncological networks may 
help to overcome the asynchrony of their effective implementation at the national level; 
on the other, the still too limited presence of actual clinical networks for oncological 
patients cannot be disregarded. Despite the debate calling for the creation of oncologi-
cal networks, only few Italian Regions have launched systematic programs for their 
creation. Within this context, the availability of different clinical and management 
models for oncological networks across the country should be regarded as an opportu-
nity to valorize each experience and good practice in the field of oncology and applied 
research by spreading the existing know-how [2]. Considering the urgency of recogniz-
ing the value of oncological networks and their role in providing patients with high-
quality care, serious strategic planning is needed together with an appropriate control 
and evaluation system. Future objectives should be appropriately specified through the 
extensive involvement of professionals, patients and institutions [3].

Among national regulations, specific mention of the objectives of networks is 
made in the National Health Plan (NHP) 2006–2008, whereas the following NHPs 
(2010–2012 and 2014–2016) mainly support the efficacy of cancer treatments by 
developing specific healthcare solutions which, through planning acts, back the 
principle of the development and implementation of hospital networks and health-
care integrated pathways (Italian PDTA, percorsi diagnostico terapeutici assisten-
ziali) as fundamental fulfilments of the NHP.

Following the mandate received from the State-Regions Unified Conference in 
September 2007 with regard to hospital networks, the National Agency for Regional 
Healthcare Services (AGENAS) together with the Ministry of Health, the Regions 
and patients’ associations promoted a debate to support the planning, implementa-
tion and quality assessment of management models for oncological networks and 
clinical pathways in oncology.

From a legal viewpoint, the task of establishing an Institutional Round Table and 
providing technical and scientific coordination in the area of both oncological and 
clinical networks has been assigned to AGENAS, which will formulate new guide-
lines and recommendations and update the existing ones, within the terms of the 
relevant regulation.

3.3	 �Methods

The Institutional Round Table has adopted a scheme recording clinical networks, as 
a joint monitoring tool, which includes the requirements of common reference for 
each clinical network, supported by current scientific and legal publications as well 
as relevant regulations.

A. Ghirardini et al.
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The objective underpinning the methodology used for reviewing the organiza-
tional guidelines and oncological networks’ recommendations, is to systematize the 
procedures, information and indicators at the disposal of each level of health gover-
nance in order to smooth the way for regular assessment and self-assessment.

The scheme identifies the basic common requirements of each oncological net-
work that help to guarantee its effectiveness by ensuring the correct monitoring of 
planning and related management issues.

AGENAS—in collaboration with the relevant institutional players, such as the 
Ministry of Health, the Regions and the Autonomous Provinces of Trento and 
Bolzano, the National Institute of Public Health (ISS), the Italian Medicines Agency 
(AIFA), as well as healthcare experts, scientific societies, and the Cittadinanzattiva 
(Active Citizenship) association – has drafted a document including the review of 
the organizational guidelines and recommendations for oncological networks. The 
complex process of systematization of available experiences and good practices has 
required a well-structured working process: 13 technical workgroups (involving 
more than 200 professionals) working on advice of the Institutional Round Table 
and its Technical-Scientific Coordination (Fig. 3.1).

On April 17, 2019 the organizational guidelines and recommendations for the 
oncological hospital-community network were agreed on by Italian State-Regions 
Conference. The agreement recognizes the oncological network as the “keystone 
for healthcare continuity between the hospital and the community”; it is an organi-
zational model which envisages a multidisciplinary approach for the clinical man-
agement of patients, sharing of care pathways and guaranteeing equity of access and 
prompt taking charge of patients [4].

The Agreement regarding oncological networks comprises ten lines of action 
that constitute a program of measures for the governance of oncological networks 
aiming to promote and enhance quality, security and appropriateness of health inter-
ventions in oncology. Given the complementarity of those lines of action, they 
require joint implementation at the national or regional and local level (Table 3.1).

The strategic value of the tasks carried out highlights the central role played by 
AGENAS, in collaboration with the Ministry of Health, the Regions and the 
Autonomous Provinces, in suggesting models and tools for monitoring and evaluat-
ing the implementation of regional oncological networks with the specific aim of 
guaranteeing solid technical-scientific support to Regions and Autonomous 
Provinces throughout the realization and evaluation of regional oncological net-
works and clinical pathways in oncology.

Institutional
Round Table

Workgroups
Technical-Scientific

Coordination

Fig. 3.1  Methodology 
followed to review the 
organizational guidelines 
of oncology
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3.4	 �Observatory on Oncological Networks

Section 10 of the Agreement between the State and the Regions of April 17, 2019 
introduced a coordination system led by the Ministry of Health and provided for 
the establishment of an oncological network observatory, with the aim of improv-
ing the quality of care in oncology through the development of a permanent 
system for monitoring and evaluating the implementation of oncological net-
works [5]. This strategic coordination system, led by the Ministry of Health, will 
avail itself of an Observatory set up within AGENAS for the analysis, measure-
ment and evaluation of the state of implementation of the directions in the 
regional contexts.

The Observatory on the monitoring and evaluation of oncological networks will 
assess the developments achieved and any persisting deficiency, providing citizens 
with a source of continuously updated and transparent data. Furthermore, the onco-
logical network Observatory intends to serve as a connection and provide decision-
making support in developing the oncological network strategies, in line with 
decisions agreed-upon by the Ministry of Health and the Regions; in this respect, 
the Observatory supports the process of consultation and facilitates information 
sharing.

The role of the Observatory involves study, research and data analysis; it also 
entails an operational and proactive function with reference to the decision-making 
and governance processes of the oncological networks. In addition to monitoring 
and evaluation, the functions of the Observatory also include technical consultancy 
(operative consultancy at the local and regional level for the solution of critical 
issues), innovation and training, dissemination and accountability, promotion of 
policies (in close cooperation with the Ministry of Health, in accordance with the 
institutional roles).

Its main activities are described in the following section.

3.4.1	 �Technical Support of the National Monitoring Processes

The Observatory on oncological networks supports the regions in monitoring of the 
implementation of the national oncological networks. Accordingly, it provides 

Table 3.1  Minimum 
requirements for the 
implementation and 
functioning of a typical 
oncological network

1.  Health policy measures employable in governance
2.  Allocation of resources
3.  Operational mechanisms
4.  Research at the network level
5.  Education at the network level
6.  Medicines
7.  Social processes and support to people and care givers
8.  Communication and transparency
9.  Indicators
10.  Monitoring and updating functions
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technical-operational assistance to the monitoring activities of the oncological net-
works. More specifically, the Observatory implements a specific system for the 
monitoring, analysis and control of the trends of the individual regional oncological 
networks, which, through a specific alert system, helps to preemptively detect any 
significant deviations in the performance of the different network facilities, in terms 
of appropriateness, equity and quality of the services provided.

In order to provide technical and operational assistance, the Observatory is sup-
ported by the AGENAS Office for review and monitoring of clinical networks and 
organizational development.

The aim of the monitoring process is to verify if the oncological networks can 
guarantee fair care settings and to provide general suggestions for service planning 
and organization, with the aim of improving the entire care pathway and ensuring 
continuity of care, appropriateness and quality. To this end, the Observatory pro-
motes initiatives for research, exchange and action, with the aim of supporting the 
implementation and development of the oncological networks. In this respect, atten-
tion is given to the continuous improvement of the quality of clinical care pathways 
and to the full integration of services for oncology, particularly in terms of continu-
ity of care.

3.4.2	 �Technical-Scientific Support to Regional Representatives/
Coordinators of Oncological Networks

This activity refers to the need to ensure that regional representatives properly enter 
data and information in the relevant fields of the online database by providing a 
helpdesk to assist with potential technical problems.

The Observatory, for the national monitoring process, establishes the timing, 
modalities and periodicity of the data collection, taking into consideration data that 
are collected and validated by the regional representatives within the established 
monitoring period. The Regions and Autonomous Provinces monitor the implemen-
tation of the regional oncological networks, and through the same instruments the 
Observatory performs semiannual monitoring.

3.4.3	 �Development of Periodic Reports

The main result of the Observatory is a periodic report mainly deals focusing on the 
institutionalization of the regional oncological networks and their activities.

The Observatory produces annual reports illustrating all the changes and charac-
teristics of the phenomenon analyzed, promoting in-depth analysis of critical issues, 
and drafting the relative documentation.

The Observatory ensures that data and documents are constantly up-to-date, 
comparable, and telematically accessible. Moreover, it promotes meetings, discus-
sions and training courses.

3  Role of AGENAS in the Development of Oncological Networks in Italy
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Reports produced by the Observatory include:

•	 quantitative and qualitative analysis of macro-variables related to the organiza-
tional model and governance system;

•	 analysis of activity/issues regarding human resources;
•	 descriptive and qualitative analysis of technical equipment;
•	 analysis of activities concerning funding and economic resources;
•	 analysis of patient pathways and related clinical pathways (PDTA);
•	 clinical and organizational research;
•	 analysis of the ability of regional oncological networks to provide training and 

updating courses to experts working for these networks;
•	 descriptive and qualitative analysis of the information technology system;
•	 analysis of the means of communication and transparency;
•	 analysis of the level of knowledge and competencies of workers involved in these 

networks;
•	 analysis of the knowledge and experience of patients, users and citizens;
•	 analysis and development of specific indicators for the evaluation of clinical, 

economic and organizational performances.

3.4.4	 �Contribution to the Development of Guidelines 
and Recommendations on Specific Matters, to Support 
Regions and Local Health Authorities

The current legislation requires AGENAS to achieve specific strategic objectives, 
including supporting the regions, disseminating at regional level the results of stud-
ies and assessments performed at central level, and promoting actions in line with 
these results.

In this legislative framework, the Observatory aims to help spread the innova-
tions already introduced in clinical practice, by promoting actions and instruments 
to disseminate the recommendations, increase the circulation of information and 
foster the transfer of experience.

The Observatory on oncological networks helps to disseminate guidelines and 
recommendations. The different aspects of technological and organizational inno-
vation and regional experiments are analyzed in order to suggest solutions to 
increase the efficiency and quality of health services and propose instruments to 
perform different governance activities, including direction, programming, assess-
ment and control.

Innovating and experimenting are therefore key to developing an increasingly 
efficient healthcare system and responding to the needs of the population.

A. Ghirardini et al.
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3.4.5	 �Promotion of the Implementation of Organizational 
Models and Innovating Programs for Healthcare 
in Oncology

The Observatory on oncological networks promotes the development of organiza-
tional models and innovative healthcare programs aimed at optimizing the integra-
tion of oncological rehabilitation and palliative care pathways based on the needs of 
patients, the creation of regional networks and the overall care system taking charge 
of all aspects of a patient’s care.

The activities of the Observatory are characterized by the effective collaboration 
between oncological scientific societies, patient associations, universities and foun-
dations, as well as Regions and the Government to discuss and exchange skills and 
expertise, in order to increase the quality of clinical care pathways.

The specific objectives of the project are:

•	 identifying quality standards in oncology with the collaboration of scientific 
societies;

•	 defining operational criteria for structuring and sizing community services for 
care and rehabilitation;

•	 experimenting and investigating the attitudes and perceptions of the subjects 
involved—professionals, caregivers and patients—as regards the organizational 
models for taking charge of the patients at different times of the clinical care 
pathway (communication of diagnosis, management of treatment and follow-up 
care, and integration of conventional and palliative therapies).

3.4.6	 �Promotion of Clinical Governance Models 
with the Involvement of Stakeholders

The activities of the Observatory are aimed at illustrating the potential of the net-
work as: a clinical governance tool to support the appropriateness of care and con-
tinuity of care; a vehicle for promoting clinical research and training, and; a tool for 
sharing decisions and, above all, for the continuous improvement of the quality of 
healthcare, in terms of clinical efficacy and cost-effectiveness.

The Observatory aims to identify the innovative mechanisms of the network 
organization for the benefit of the patient in order to facilitate access to healthcare 
facilities and improve their quality, by promoting transparency in the offer and sus-
tainability of the services.
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3.4.7	 �Organizational Guidelines and Recommendations 
for the Improvement of Quality and Safety 
in the Oncological Networks and Pathways

In the national context, an organized and well-structured system for the update, 
review and implementation of the guidelines is necessary. The objective is to pro-
vide National Healthcare Service professionals with clinical and organizational 
guidance, in a consistent manner throughout the national territory.

Guidelines, as the other tools providing recommendations on clinical care and 
healthcare, are developed with the aim of guiding the decisions of medical profes-
sionals, also with the involvement of the patients, towards the most appropriate care 
for the most common diseases.

The Observatory intends to systematize the collection, processing, implementa-
tion and periodic review of the organizational guidelines and recommendations, and 
to foster the circulation of good practices. This will require the accurate definition 
of procedures and areas of intervention, which constitute the basis of the manage-
ment of care pathways, safety in healthcare, and homogeneity of treatments, based 
on the diseases and care settings. The development of new organizational guidelines 
and the updating of existing ones allow us to take into consideration scientific and 
technological evolution and ensures more adequate, safe and appropriate care path-
ways for the patients, in response to the changes in health needs and technological 
and therapeutic innovations.

In line with the above, Fig. 3.2 shows the organizational model of the institu-
tional functions carried out by the Observatory. In particular, the figure defines the 
activities behind the leading goal of the Observatory, and helps to understand the 
complex work done in different areas: monitoring, promotion, innovation, and 
dissemination.

1

Macro-activity

Activities

Observatory
on regional 
oncological 

network

Monitoring
and

evaluation

Technical 
consultancy/
promotion 
of policies

Innovation 
(knowledge 

transfer)
and training

Dissemination 
and

accountability

Fig. 3.2  Distribution of the main activities of the Observatory on regional oncological networks
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3.5	 �Conclusions

The monitoring and evaluation instruments available to the Observatory on onco-
logical networks provide information and data sources that, when integrated and 
made interoperable, help to identify the level of clinical, organizational, managerial 
and economic-financial performance of the single Regional oncological networks. 
This makes the intervention of the Observatory increasingly penetrating and tar-
geted for the institutional aims it has been commissioned with.

The Observatory is, therefore, of fundamental importance, as it ensures the col-
lection of data from the Regional oncological networks and the transmission of 
integrated data at regional and/or national level.

In conclusion, the Observatory on oncological networks is the necessary infra-
structure that allows the progressive cultural growth of the system by promoting the 
exchange of expertise, knowledge and experience. As such, it should be regarded as 
having a strategic role in the overall enhancement of the quality of the National 
Healthcare Service.
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4.1	 �Introduction

Esophageal cancer is the seventh most common cause of cancer-related death 
[1]. The two main histological subtypes are adenocarcinoma and squamous cell 
carcinoma, which account for 98% of all esophageal tumors and have different 
risk factors and incidence rates. Gastroesophageal reflux disease is the main risk 
factor for adenocarcinoma, and Barrett’s esophagus is a well-known precursor of 
esophageal adenocarcinoma. Obesity also seems to be associated with a higher 
risk of esophageal adenocarcinoma. Tobacco smoking and alcohol abuse are the 
main risk factors for squamous cell carcinoma. The different patterns of disease 
described worldwide are the consequence of these different risk factors. In the 
West, the incidence of distal esophageal/gastroesophageal junction adenocarci-
noma has been steadily increasing over the last 50 years [2]. As a result, adeno-
carcinoma is now the most frequent subtype observed in North America, Europe 
and Australia. By contrast, the reduction in smoking habit and alcohol abuse in 
these countries has led to a decrease in the incidence of squamous cell carci-
noma. This subtype remains the most frequently diagnosed in Central and South 
East Asia [3]. Both histotypes have a poor prognosis, with an overall 5-year 
survival rate ranging from 20 to 30% [4].

Surgery is the mainstay of curative treatment for esophageal cancer, either alone 
or as a part of a multimodal approach. However, despite the improvements in surgi-
cal techniques and perioperative management, the morbidity and mortality rates 
remain considerable and esophagectomy is considered a high-risk procedure also in 
high-volume centers [5]. In 1979 Luft et al. [6] published the first report about the 
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relationship between surgical volume and the reduction of hospital mortality. Since 
then, several studies have demonstrated the role of both hospital and surgeon vol-
ume in improving short-term postoperative outcomes [7, 8].

One of the first studies to suggest a similar association after esophagectomy was 
published by Birkmeyer et al. in 2002 [9]. Even though the authors did not identify 
any specific volume thresholds to optimize outcomes, they stated that a high volume 
decreases the odds of mortality. They demonstrated, in a subsequent paper, a similar 
volume-outcome relationship when considering the annual number of esophagecto-
mies performed by a single surgeon [10].

Several factors should be taken into account to explain these advantages. 
Experience of the surgeon and of all the care providers involved in the surgery and 
perioperative management plays an important role but it is not the sole determinant 
of outcome. The presence of a multidisciplinary board to ensure appropriate clinical 
staging, the indication for adjuvant/neoadjuvant treatment as well as the surgical 
indication are key factors in optimizing patient management [11].

Despite this well-known evidence, the centralization of esophageal surgery has 
been implemented in only a few healthcare systems. For instance, the British 
National Health System (NHS) began a policy of mandatory centralization of 
esophagectomy in 2003. The number of centers performing this surgical procedure 
was reduced from 113 centers to only 43  in 10  years, and the 90-day mortality 
decreased from 11.3% in 2003 to 4.6% in 2014. However, in such a long period, 
many other factors—unrelated to the volume-outcome relationship—may have con-
tributed to this reduction [12].

Other healthcare systems, as in the US, still do not have a federal centralization 
policy. In these countries several initiatives to encourage centralization have been 
carried out by private associations, such as the Leapfrog Group. In their 2020 report 
on hospital performances, they set the minimum annual volume of esophagectomies 
to be 20 for the hospital and 7 for the surgeon to achieve their quality standard [13]. 
A similar effort towards regionalization is the “Take the Volume Pledge”, publicly 
announced by three major academic teaching hospitals in 2015. This pledge chal-
lenged the other large health systems to join them in restricting the performance of 
10 surgical procedures—including gastrointestinal, cardiovascular, and joint-
replacement surgeries—to hospitals and surgeons who perform more than a mini-
mum number.

In these healthcare systems some observers report a peculiar process of “sponta-
neous centralization”, which consists of a passive migration of patients towards 
high-volume centers.

For instance, in 2015 Munasinghe et al. [14] published a comparison of esopha-
gectomy outcomes between England and the US: over the period 2005–2010 they 
reported a reduction in the number of hospitals performing esophagectomies of 
27% in England (a country with a mandatory centralization policy) and 24% in US, 
where there was no government-endorsed policy.

In 2018, Schlottmann et al. [15] confirmed this trend, describing a significant 
increase in the percentage of esophagectomies performed in high-volume centers in 
the US, from 29.2% in 2000 to 68.5% in 2011 (p < 0.0001). In association with 
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these findings, they reported a decrease in overall mortality rates from 10% in 2000 
to 3.5% in 2011.

A possible limitation of the process of spontaneous migration of patients is 
related to socioeconomic aspects. Some authors in fact revealed that the patients 
who move towards high-volume centers are more likely to be younger [16], to be 
white, to have a private insurance and to have a lower Charlson comorbidity 
score [17].

Finally, an interesting aspect of regionalization concerns healthcare costs [18]. 
Several studies reported that length of hospital stay [19] and postoperative compli-
cations are the strongest drivers of cost after esophagectomy [20]. It seems to be 
intuitive that in centers with enhanced recovery protocols and low morbidity-
mortality the costs of esophagectomy may decrease, with possible significant cost 
savings [19, 21].

In conclusion, a consensus about what should be considered a high-volume hos-
pital and minimum volume standards has not yet been achieved, and the definitions 
vary by country and region. As previously seen, the American Leapfrog group fixed 
the standard at 20 esophagectomies, as in the Netherlands. In Great Britain a high-
volume center is defined at 60 gastroesophageal cancer resections per year. In Italy, 
as discussed below, no formal policy is available and the efforts to define a cut-off 
value are restricted to regional regulations.

4.2	 �Short-Term Outcomes (Surgical Outcomes)

Esophagectomy is one of the most demanding surgical procedures, burdened by 
high morbidity and mortality rates even in high-volume centers. The Esophageal 
Complications Consensus Group (ECCG) published a study on 2704 resections per-
formed in 24 high-volume esophageal surgical centers in 14 countries. The authors 
reported a 30-day and 90-day mortality of 2.4% and 4.5%, respectively. The overall 
incidence of complications was 59%. Severe complications (Clavien-Dindo compli-
cations ≥IIIb) occurred in 17.2% of patients [5].

4.2.1	 �Postoperative Mortality

In recent years several studies have focused on the relationship between hospital 
volume and postoperative mortality (Table 4.1).

In an impressive series of more than 23,000 esophagectomies [22], Fuchs et al. 
reported that the overall mortality of patients who underwent esophageal surgery in 
low-volume centers (defined as centers that performed less than 6 cases/year) was 
more than twice the mortality of those who were treated in high-volume hospitals 
(>20 esophagectomies/year) (11.4% in low-volume centers vs. 4.0% in high-volume 
centers; p < 0.05).

In a quantitative meta-analysis of volume-outcome following esophagectomy, 
comprising 27,843 operations in low- and high-volume surgical units [23] Markar 
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et al. demonstrated a significant increase in 30-day (2.09% vs. 0.73%; p < 0.0001) 
and in-hospital mortality (8.48% vs. 2.82%; p < 0.0001) in low-volume centers. 
However, the thresholds considered for defining “low-volume centers” in the stud-
ies analyzed were very low, ranging from 4 to 10 operations/year.

Confirmation of the improved outcomes related to centralization comes from a 
retrospective study comparing 7433 esophagectomies performed in 66 English hos-
pitals (a health system with a centralization policy) and 5858 esophagectomies in 
775 US hospitals [14] (no centralization policy for esophageal surgery). A first anal-
ysis revealed that the in-hospital mortality was higher in the US than in England 

Table 4.1  Studies on the relationship between center or surgeon volume and postoperative mor-
tality in esophagectomy

Authors Country
N. of 
patients

Group 
volume Threshold

Mortality 
(%) p-value

Sclhottmann, 
2018 [15]

USA 5235 Low-volume 
centers
High-
volume 
centers

<5
>20

10.2
3.9

p < 0.0001

Fuchs, 2016 [22] USA 23,751 Low-volume 
centers
High-
volume 
centers

<6
>20

11.4
4.01

p < 0.05

Markar, 2012 
[23]

European 
Union

27,843 Low-volume 
centers
High-
volume 
centers

4–10
9–80

7.69
2.29

p < 0.0001

Wouters, 2009 
[33]

The 
Netherlands

903 Low-volume 
centers
High-
volume 
centers

<7 13
5

p < 0.001

Dikken, 2015 
[34]

European 
Union

10,854 Low-volume 
centers
High-
volume 
centers

<11
>41

7.2
4.3

p < 0.001

Fumagalli, 2013 
[35] a

Italy 2801 Low-volume 
centers
High-
volume 
centers

<50
>150

5.7
1.7

p < 0.001

Modrall, 2018 
[36]

USA 26,795 Low-volume 
surgeon
High-
volume 
surgeon

<5
>5

7.7
3.8

p < 0.001

aEsophagectomy and gastrectomy
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(5.5% vs. 4.2%; p = 0.001). However, when comparing US and UK high-volume 
institutions, the US mortality dropped to 60% of that observed in England. The US 
authors of this paper strongly recommend supporting the continued centralization of 
high-risk cancer procedures in an effort to reduce perioperative mortality.

4.2.2	 �Postoperative Morbidity

Until recently there was no standardized classification for complications after 
esophagectomy. Only in 2015 did an international consensus group, involving the 
most important esophageal centers from all around the world, publish a standard-
ized classification of complications after esophagectomy [24]. As a consequence, it 
is difficult to compare the morbidity rates reported in studies published before 2015. 
Moreover, most of the studies still refer to hospital mortality as the sole outcome 
measure.

An index that may reflect surgical outcomes is the length of hospital stay. In 
2017, Giwa et al. conducted a meta-analysis with 75,383 patients from the USA, 
UK, Canada, the Netherlands, southern Australia, and Japan showing a 4% decrease 
in the risk of a length of stay ≥14 days for every additional five esophagectomy 
cases at a hospital per year [25].

Two conclusions can be drawn: firstly, that surgeons performing a high number 
of esophagectomies are more confident in discharging uncomplicated patients early; 
secondly, that the experience of the team plays a crucial role in promptly recogniz-
ing and treating postoperative complications, leading to a shorter stay and a better 
clinical outcome.

Even though a higher rate of postoperative complications (in particular respira-
tory failure and bleeding) has been described in low-volume centers [15], some 
authors suggested that the main determinant of the poorer results is not the higher 
incidence of complications itself but, rather, the inability to rescue patients who suf-
fer from a major complication. Ghaferi et al. reported a 3.2 times greater odds of 
failure to rescue after esophagectomy in very low-volume hospitals (<4 per year) 
compared to very high-volume hospitals (>15 per year) [26]. Nimptsch et  al. 
reported in 2018 a different ability to rescue patients from complications in high-/
low-volume centers. In-hospital mortality of complicated patients was 20% in very 
low-volume centers (<2 esophagectomies per year) compared with 12.3% in high-
volume centers (>62 esophagectomies per year) [27].

The management of complications for esophageal surgery involves several care 
processes (intraoperative anesthesia support, postoperative critical care manage-
ment, enhanced recovery protocols, endoscopy [4], interventional radiology) which 
are crucial to treat postoperative complications properly [28] and which may have 
more impact on clinical outcomes than individual surgeon experience.

Funk et al. [29] identified five key characteristics (high nurse ratios, lung trans-
plantation services, complex medical oncology services, bariatric surgery services 
and positron emission tomography scanners) with a meaningful impact on deter-
mining postoperative outcomes. In their paper they stated that at least 3 out of 5 
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items need to be present to reach a significantly lower mortality rate (12.5% vs. 
5.0%; p = 0.042).

4.3	 �Long-Term Outcomes (Oncological Outcomes)

The long-term outcomes of patients with esophageal cancer depend on several fac-
tors. Among them, a main role is played by appropriate oncological assessment and 
surgical expertise.

A multidisciplinary evaluation is mandatory to define a tailored diagnostic-
therapeutic pathway. A multimodal strategy, combining chemotherapy, radiother-
apy and surgery, in either a neoadjuvant or adjuvant setting, has been associated 
with improved long-term outcomes. A stable multidisciplinary board dedicated to 
the evaluation of upper gastrointestinal tumors is more frequently present in facili-
ties that treat a high number of patients.

In esophageal malignancies, it is well recognized that both neoadjuvant chemo-
therapy and chemo-radiotherapy improve overall and disease-free survival.

A first demonstration of the relationship between high-volume hospital and 
oncological treatment was provided by a retrospective study [30] of 5016 patients 
from 305 cancer care hospitals in Japan. The analysis revealed that patients were 
subjected to neoadjuvant therapy less frequently in the low-volume hospitals than in 
the high-volume centers (very high, 42.1%; high, 37.5%; low, 30.7%; and very 
low, 26.4%).

Similarly, Chapman et al. [31] described that, in the US, patients treated in hos-
pitals performing 10 or more esophagectomies per year were more likely to receive 
neoadjuvant therapy than patients cared for in hospitals performing less than 10 
esophagectomies per year (p < 0.001). Moreover, this study demonstrated a substan-
tial survival advantage in patients undergoing treatment at facilities performing 20 
or more esophagectomies per year, adjusting for patient and tumor-related 
characteristics.

An appropriate surgical resection is a key point in the treatment of esophageal 
neoplasms. The aims of the surgery are to achieve an R0 resection (microscopically 
margin-negative resection) and an adequate lymphadenectomy (at least 21 lymph 
nodes according to the TNM, 8th edition), and these parameters are often used as 
indicators of the quality of the surgery.

As for radicality of the resection, in the US a significantly higher rate of R1 
resections has been reported in low-volume centers (<20 esophagectomies/year) 
compared to centers performing more than 20 esophagectomies (9.9% vs. 6.0%; 
p < 0.001) [32]. Moreover, the same authors reported that an adequate lymphade-
nectomy was more likely to be performed in high-volume centers. The rate of 
removal of at least 15 lymph nodes was 42.6% in high-volume centers compared to 
18.5% of low-volume hospitals (p < 0.001). Speicher [17] confirmed these findings, 
demonstrating a significantly higher rate of harvested lymph nodes in high-volume 
centers (median number of lymph nodes was 17 in high-volume centers vs. 10 in 
low-volume centers; p < 0.001).
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4.4	 �The Italian Perspective

According to the Italian National Agency for Regional Health Services (AGENAS), 
in 2017 a total of 843 esophagectomies were performed in 148 Italian hospitals. Of 
these, only 10 hospitals performed more than 20 esophagectomies per year and 
most of them were located in northern Italy, and specifically in two Italian Regions: 
Veneto and Lombardy. Nonetheless, esophagectomy continues to be performed all 
around the country, partly due to the lack of a formal centralization policy. 
Consequently, a minimum volume standard for esophagectomies in Italy is not 
available and attempts for its definition come from single initiatives. One of these is 
represented by a group of expert surgeons in gastroesophageal resection [4] who 
identified the minimum cut-off for a high-volume center at 20 esophagectomies/
year. Moreover, they added other structural and organizational requirements, aiming 
to define the minimal quality standards needed to obtain accreditation to perform 
esophageal surgery.

As a structural requirement the hospital must be able to offer:

•	 an endoscopy unit able to perform operative endoscopy and endoscopic 
ultrasound;

•	 a radiology unit;
•	 a pathology unit;
•	 an intensive care unit;
•	 an oncology unit;
•	 a radiotherapy unit;
•	 a physiotherapy unit;
•	 operating rooms equipped for minimally invasive procedures.

The organizational requirement regards the diagnostic-therapeutic pathway. The 
presence of a dedicated multidisciplinary board (including a surgeon, oncologist, 
radiologist, endoscopist, radiotherapist and pathologist) is mandatory. The board is 
meant to discuss every case at each step of the diagnostic-therapeutic process: at 
diagnosis, after neoadjuvant treatment, after surgery and during the follow-up, 
if needed.

The development and application of a perioperative multidisciplinary enhanced 
recovery program is recommended, including evaluation for respiratory physiother-
apy and nutritional assessment.

Other concrete efforts to define a minimum volume standard include diagnostic, 
therapeutic and care pathways (PDTA, percorsi diagnostico-terapeutici assistenzi-
ali), confined to the regional context. An esophageal cancer PDTA is available in the 
Veneto and Piedmont Regions. For instance, the Veneto PDTA defines ten bench-
marks as performance indicators for surgical-oncological centers (Table 4.2).

This proposal is a valid attempt to define a proper clinical pathway. However, 
such a complex process cannot be left to a single regional initiative. A strong policy 
driven by the national health system and supported by the scientific community 
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must be established in order to share common healthcare provision and deliver the 
best healthcare for oncological patients.
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Volume-Outcome Relationship 
in Hepatobiliary Surgery

Matteo Donadon, Eloisa Franchi, and Guido Torzilli

5.1	 �Introduction

The positive relationship between volume and outcome in hepatobiliary surgery has 
been demonstrated for many years. As for other complex surgical procedures, both 
improved short- and long-term outcomes have been associated with a higher volume 
of procedures [1–15]. However, whether the centralization of complex hepatobili-
ary procedures makes full sense because it should be associated with higher quality 
of care, as reported in the literature, precise criteria on what to centralize, where to 
centralize, and who should be entitled to perform complex procedures are all aspects 
that remain to be elucidated. Indeed, despite the generalized consensus on central-
ization in hepatobiliary surgery, the subject is very complex because many determi-
nants are involved in the centralization process, some of which cannot be easily 
controlled. In the context of different health systems worldwide, such as national 
health systems and private insurances, there are different stakeholders—politicians, 
patients, surgeons, institutions and medical associations—that do not always have 
the same needs.

Starting from the review of the literature on centralization in hepatobiliary sur-
gery, this chapter will propose some guidelines that, when not data-driven due to 
low evidence levels in the literature, will be based on good clinical practice.
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5.2	 �Review of the Literature

A review of the literature regarding the relationship between outcome and volume 
in hepatobiliary surgery is detailed in Table 5.1. Considering the rapid evolution of 
liver surgery, we have included articles published in the last 20 years in English. 
Moreover, we have included only those articles that have distinguish hepatobiliary 
surgery from pancreatic surgery, which are usually considered together [14–44].

As detailed, almost all the included articles supported a positive relationship 
between hospital volume and outcome indicating the validity of the union high-
volume and high-quality. In particular, Dimick et al. [19] analyzed more than 2000 

Table 5.1  Review of the literature on the relationship between outcome and volume in hepatobili-
ary surgery

Author
N. of 
patients

Importance of 
center volume

Importance of 
surgeon volume

Begg et al. 1998 [17] 801 + n/a
Choti et al. 1998 [16] 606 + n/a
Glasgow et al. 1999 [20] 507 + +
Gordon et al. 1999 [18] 293 + +
Dimick et al. 2003 [19] 2097 + +
Imamura et al. 2003 [21] 1056 + +
Fong et al. 2005 [22] 3734 + n/a
Hollenbeck et al. 2007 [23] 3630 + n/a
Eppsteiner et al. 2008 [25] 2949 – +
McKay et al. 2008 [24] 1107 + +
Nathan et al. 2009 [27] 6871 + –
Stella 2009 [26] n/a – n/a
Chamberlain et al. 2011 [28] 84 – +
Giuliante et al. 2012 [29] 588 + n/a
Yasunaga et al. 2012 [30] 18,046 + n/a
Viganò et al. 2013 [31] 106 + n/a
Goetze et al. 2014 [33] a 487 + n/a
Ravaioli et al. 2014 [32] 621 – +
Schneider et al. 2014 [34] 3695 + +
Spolverato et al. 2014 [14] 9874 + n/a
Chang et al. 2014 [44] 13,159 + +
Aldrighetti et al. 2015 [35] b 1497 + n/a
Ejaz et al. 2015 [36] 9466 n/a +
Buettner et al. 2016 [15] 5075 + +
Gani et al. 2016 [37] 27,813 + n/a
Botea et al. 2017 [39] 3016 + +
Chapman et al. 2017 [38] 12,757 + +
Idrees et al. 2018 [40] 96,107 + n/a
Chen et al. 2019 [43] 4902 + n/a
Filmann et al. 2019 [41] 110,332 + +
Bouras et al. 2020 [42] c 46 – n/a

n/a not available
aFocus on gallbladder cancer
bFocus on learning curve rather than hospital volume
cFocus on laparoscopic liver surgery
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hepatectomies performed in North America and found that those institutions that 
performed more than 20 resections per year had significantly lower mortality rates 
(6.3% vs. 15.5%). In 2009 a systematic review and in 2012 a meta-analysis con-
firmed a reduced mortality risk after liver surgery in high-volume centers [45, 46]. 
Few of these articles, investigated whether this relationship was mainly based on 
hospital or organization factors rather than on surgeon factors. In general, the posi-
tive relationship was evident for both hospital and surgeon volumes. Even though 
this is reasonable, there are confounding factors that are difficult to separate. In this 
sense, it is important to note that is difficult to distinguish when high-quality care in 
complex surgery is the consequence of the reaching of the plateau of a learning 
curve or when is the consequence of a standard volume that is a minimum number 
of procedures per year.

Besides, it is important to note that good outcomes in hepatobiliary surgery are 
also related to the quality of other hospital services, such as the anesthesiology ser-
vice and the intensive care unit, which similarly to the surgeons have to reach the 
plateau of their learning curves. In this sense, further studies should be conducted to 
better characterize these two phenomena (i.e., learning curve vs. minimum standard 
volume). Nathan et al. [27] reported that the surgeon volume was not associated 
with in-hospital mortality, while Chang et al. [44] reported that the combined effects 
of hospital and surgeon volume strongly influenced short-term survival after hepatic 
resection. In this latter study, the prognosis was adjusted for several different factors 
such as indication for surgery, quality of the underlying chronic liver disease, and 
socio-economic status that were found to be important to be recorded and analyzed 
to strengthen the relationship between perioperative outcome and surgeon and/or 
hospital volume. Chang et  al. [44] also found that the combination high-volume 
surgeons in high-volume hospitals was associated with higher quality results, while 
the combination high-volume surgeons in low-volume hospitals was not. Notably, 
in this study high-volume hospitals were those institutions performing more than 
245 cases per year, while high-volume surgeons were those surgeons performing 
more than 59 cases per year. Notwithstanding these published studies, the definition 
of “high-volume center” remains to be elucidated. There is no established cut-off 
number of liver resections to be performed per year [47].

5.3	 �Critical Issues Limiting the Centralization 
of Hepatobiliary Surgery

The goal of centralization of hepatobiliary surgery is to provide optimal care to 
patients affected by hepatobiliary diseases within a given geographical area. This 
centralization passes through a complex process of assessment, development of 
dedicated policies, ongoing assurance and support from national government agen-
cies, which should have the competence and authority to promote high-quality care, 
good uses of technical and technological tools, good allocation of human resources, 
and at the same time monitor, minimize and control the probability of unfortunate 
events. This process should be provided along a space-time continuum that should 
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warrant quality in all phases of the care of patients affected by hepatobiliary 
diseases.

These critical issues are particularly important in liver surgery for several reasons.

•	 First: the definition of resectability is not standardized and wide variability is 
observed among expert surgeons [48].

•	 Second: the complexity of liver surgery is difficult to be classified because sev-
eral different types of resections requiring an extremely wide range of expertise 
can be performed. The standard distinction between major and minor hepatecto-
mies is inadequate in the current era of modern liver surgery [49]. Indeed, there 
are different technical solutions allowing parenchymal-sparing hepatectomies, 
much more complex than standard major hepatectomies, that remain in the 
shadow of the definition of minor hepatectomy. Yet high-quality centers should 
not be considered those centers performing a high proportion of major hepatec-
tomies. In this sense, a new classification for minor hepatectomy that might help 
in better reporting minor but complex resections has been recently proposed [50].

•	 Third: postoperative morbidity and mortality rates have a limited validity in 
assessing quality. Centers selecting only patients requiring small limited resec-
tions may have lower morbidity rates in comparison with centers routinely 
selecting patients requiring complex resections.

•	 Fourth: realistic cut-offs of mortality and morbidity rates after hepatectomy as a 
benchmark of quality should be defined to avoid the risk of denying care to those 
patients with higher complexity due to tumoral presentation or advanced age or 
because of severe comorbidities. Apart from the specificity of their indications 
for surgery, which needs to be addressed by the local multidisciplinary teams, 
risk-adjusted metrics to compare outcomes among institutions are mandatory. 
Otherwise the risk of unfair comparisons will remain. In this sense, a bench-
marking process has been started by merging the comprehensive complications 
risk [51], liver failure occurrence, and morbidity and mortality classified accord-
ing to the Clavien-Dindo classification [52]. Last but not least, as recently pointed 
out by Aloia et al. [53] there are some downsides to the strategy of aiming at zero 
mortality rates after surgery, such as the performance of innovative operations, 
which at least at the beginning are not compatible with perfection that might be 
strongly limited in the context of no-mortality.

Therefore, the centralization process in hepatobiliary surgery should pass through 
the development and adoption of a new and modern common language for indica-
tions, resectability, resection terminology, and good quality indicators.

5.4	 �Minimum Hospital Requirements 
in Hepatobiliary Surgery

To date, there are no specific published criteria that a given hospital should have to 
be able to perform hepatobiliary surgery. Most of the authors addressing this topic 
have reported their personal experiences, which should nonetheless be taken into 
consideration while awaiting data from some new studies.
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In 2016 Torzilli et al. [54] published a position paper on behalf of the Italian 
Society of Surgery that had the merit of fueling the debate and setting some refer-
ence standards.

In Italy the current legislation on hospital standards is detailed by law n. 70/2015, 
which divides hospitals into three levels (i.e., basic, level I, and level II). Accordingly, 
hepatobiliary surgery should be performed in level I hospitals at least or even better 
in level II hospitals, and the surgical team should be dedicated only to hepatobiliary 
and/or hepatobiliary and pancreatic procedures. This dedication should guarantee 
high-quality standards. Moreover, those high-quality hospitals in which hepatobili-
ary surgery might be performed should have the following departments:

	1.	 Department of Medical Oncology;
	2.	 Department of Diagnostic Radiology, which should have some interventional 

radiologists dedicated to hepatobiliary diseases;
	3.	 Department of Hepatology and/or of Internal Medicine with some internists 

dedicated to hepatobiliary diseases;
	4.	 Department of Digestive Endoscopy;
	5.	 Intensive Care Unit;
	6.	 Department of Pathology;
	7.	 Department of Nuclear Medicine;
	8.	 Department of Radiation Oncology.

Even stating that the above-mentioned departments should be present in any 
high-quality hospital certified for hepatobiliary surgery, there might be the case of a 
given hospital that lacking some of those departments. In such a case, strong opera-
tive networks between that hospital and another institution should be activated to 
cover any deficiency. Similarly, in such a case of a given department of hepatobili-
ary surgery that does not provide liver transplantation, another referral center in the 
same geographical area should be in the network to give consultation for liver trans-
plantation. It should no longer be possible for a patient with complex hepatobiliary 
disease hospitalized in a given hospital not entitled to perform diagnosis and/or 
therapy for that specific disease not to be provided with the required care through 
networking in the same geographical area.

5.5	 �Multidisciplinary Team

Nowadays, it is mandatory to have a multidisciplinary teams (MDT) dedicated to 
patients affected by hepatobiliary diseases. MDT meetings provide the correct 
global assessment of the patient both for the diagnosis and for the therapy. Any 
MDT meeting should include at least one member from the previously listed hospi-
tal departments to ensure that all aspects of care are covered. Only physicians dedi-
cated to liver diseases should take part in the MDT meeting, which should be 
scheduled based on caseload, but in general once a week. A written report of the 
MDT should be provided for each patient with the signature of all the members that 
have contributed to the discussion. It is important to note that proper functioning of 
the MDT meeting relies on the proper combination of scientific evidence and local 
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experience in the diagnosis and care of a given hepatobiliary disease. A well-
balanced and authoritative MDT in terms of specialties represented provides better 
patient management and thus better short- and long-term outcomes [55–57].

5.6	 �Hospital Volume Versus Surgeon Volume

Ideally, hospital volume and surgeon volume should match, while in the real world 
this is not always the case. In hepatobiliary surgery, the relative importance of hos-
pital volume vs. surgeon volume is very important because both short- and long-
term outcomes are dependent on hospital factors, such as the presence of an intensive 
care unit, and surgeon factors, such as operative technique. Nathan et  al. [27] 
showed that the protective effect of hospital hepatic resection volume persisted after 
case-mix adjustment for competing risk factors, while that was not the case consid-
ering the surgeon hepatic resection volume. Indeed, high- and low-volume surgeons 
had comparable in-hospital mortality rates after hepatectomy [27]. There are also 
other factors inherent to the hospital organization which were not considered and 
may have biased Nathan et al.’s conclusions: i.e., an active MDT meeting discussing 
each patient as stated above, which was overlooked by them and by many other 
authors as well.

5.7	 �Learning Curve or Standard Volume?

Center volume, surgeon volume, and surgeon experience all appear to impact suc-
cess rates in liver surgery. A better understanding of how these factors interact to 
influence outcomes could help to develop specific healthcare strategies for improv-
ing the quality of care in patients with hepatobiliary diseases.

As previously stated, it is difficult to distinguish whether good outcomes in hepa-
tobiliary surgery are more dependent on the learning curve or a minimum standard 
volume. A possible strategy to overcome this infertile dualism might be the intro-
duction of certification for hepatobiliary surgeons. Far from the idea of more 
bureaucracy, this strategy might include the analysis of training with emphasis on 
the schools of surgery and mentorships that a given surgeon might have received 
during his or her training in complex hepatobiliary surgery. As recently pointed out 
by others, this was found to be a good strategy in the field of pancreatic surgery and 
might work also in other fields of surgery [32, 58]. Besides, it might be a way to 
reinforce the importance of the schools of surgery which, independently from the 
Universities, are those called upon to train young surgeons.

5.8	 �Toward Certified Hepatobiliary Surgeons

A strategy to overcome the difficulty in decoding the dualism between hospital 
volume and surgeon volume might be the introduction of certification provided by 
a national board of specialists. Similarly to the American Board of Surgery, which 
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is an independent, non-profit organization founded for the purpose of certifying 
surgeons who have met a defined standard of education, training and knowledge, 
national specialist boards might work to define the minimum standard of care in 
hepatobiliary surgery on an individual basis. These boards might analyze the appli-
cant’s training and operative experience as well as his/her professionalism and eth-
ics. Upon successful completion of these analyses, the surgeon could be granted 
hepatobiliary surgery certification by the board. This certification could serve as a 
prerequisite for good practice in hepatobiliary surgery, which combined with the 
above minimum hospital requirements in hepatobiliary surgery, both as a single 
institution and as an established network of different institutions, would guarantee 
high-quality care – independently from the number of procedures. Notably once 
certified, the hepatobiliary surgeon would have to undergo a process of recertifica-
tion (every 5–10 years) to demonstrate ongoing professionalism and commitment to 
continuing medical education in the field of hepatobiliary surgery.

5.9	 �Conclusions

In conclusion, volume and outcome data in hepatobiliary surgery suffer several 
intrinsic limitations. Published studies are mostly observational and retrospective. 
Besides, the centralization process requires preparatory and preliminary agreements 
among experts about the development and adoption of a new and modern common 
language for indications, resectability, terminology of resection, and good quality 
indicators. Without these agreements, hospital and surgeon volume act as proxy 
measures for technical and nontechnical skills. However, such centralization pro-
cess remains very important to offer better care to patients undergoing complex 
hepatobiliary surgery.
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6.1	 �Introduction

Pancreatic surgery has been traditionally considered a high-risk surgery. Despite the 
improvement of surgical techniques and postoperative care, the morbidity and mor-
tality rates are still high, ranging between 30–60% and 1–5%, respectively [1, 2]. 
During the last few decades, the centralization of pancreatic resections in high-
volume hospitals has been the intervention that most has contributed to the drastic 
reduction of mortality. Therefore, an urgent need has emerged to identify which 
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hospitals are able to provide the highest standards of care for pancreatic surgery, and 
to develop specific surgical training programs for pancreatic surgeons.

The correlation between hospital volume and postoperative outcomes in pancreatic 
surgery has been widely demonstrated. This finding has led to the development of cen-
tralization policies to favor complex surgical procedures in high-volume hospitals. 
High-volume surgery and favorable outcomes have a two-way relationship. High-
volume hospitals have likely implemented processes and systems of care that mediate 
observed volume-outcomes benefits, so that more patients are generally referred to these 
hospitals [3]. A study by El Amrani et al. [4] has recently shown that only a slight differ-
ence exists among high- and low-volume hospitals in terms of major postoperative com-
plications. Conversely, the mortality is significantly higher in low-volume centers due to 
a failure to rescue patients with major complications. The concept of “failure to rescue” 
is related to ineffective management of postoperative complications, which may be con-
sidered an indicator for quality of care improvements following a high-risk surgical 
procedure. In addition, outcomes are generally dependent on both hospital factors (e.g., 
anesthesia support and intensive care) and surgeon factors (e.g., operative technique). 
The surgeon’s expertise and case volume have been demonstrated to have a significant 
impact on outcomes following pancreatic surgery. An Italian study by Pecorelli et al. [5] 
has found the optimal cut-off of 10 pancreatectomies/year to minimize the pancreatic 
fistula risk. Procedures performed by surgeons with lower expertise have a greater rate 
of postoperative pancreatic fistula compared to more expert surgeons. Interestingly, no 
differences have been found in terms of postoperative mortality and morbidity, suggest-
ing that lower technical experience can be overcome by a wiser and more experienced 
multidisciplinary management of complications. Also, the direct supervision of an 
expert surgeon in the operating room is believed to improve surgical outcomes of less 
expert pancreatic surgeons. At least 90 procedures are needed to complete the learning 
curve and to perform pancreatic surgery independently with good outcomes [6].

To guarantee appropriate surgery with low postoperative morbidity and mortality 
rates, different centralization policies have been established in Europe and the 
United States, but the optimal surgical volume cut-offs for high-volume centers 
remains under debate. The minimum numbers of procedures per year might widely 
range from 10 to >100 resections in different countries [7]. In the United States, the 
minimal annual hospital and surgeon volume for pancreatic surgery are 20 and 10 
pancreatic resections, respectively [8–10]. In Italy, an expert consensus paper has 
set the minimal requirement for high-volume centers at 50 procedures every 3 years 
with a mortality rate less than 5% [11]. Finally, the centralization of pancreatic 
patients in high-volume hospitals is not only safe, but also cost-effective and there-
fore many countries are interested in pursuing this policy [12, 13]. However, com-
pared to the United States, in Europe only a few countries have succeeded in the 
effective centralization of pancreatic surgery to specialized hospitals [10]. A possi-
ble explanation is that the health systems are very different among European coun-
tries. Each country has peculiar laws, limitations, and hurdles that affect 
health-system organization. For example, in Germany and France some structural 
limitations exist, such as an inappropriate distribution of high-volume centers. In 
Finland the low-density population forces patients to search high-level medical care 
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far away from their homes or families. Conversely, the UK and the Netherlands 
were able to reach the highest level of centralization among European countries, 
thanks to a strict central definition of the volume thresholds for pancreatic surgery.

As an alternative to centralization policies, in Italy two different models, both 
based on the decentralization of expertise to a low-volume hospital, have been pro-
posed with the aim of improving hospital surgical outcomes. This idea is based on 
the fact that it is possible to identify specific quality practices of high-volume cen-
ters, and that their “exportation” to other centers can improve their outcomes, inde-
pendent of procedure volume.

The first model is based on the decentralization of a pancreatic surgeon trained 
in the high-volume center. A study by Capretti et al. [14] analyzed the surgical out-
comes of seven Italian hospitals that shared the presence of at least one pancreatic 
surgeon trained under the same mentor (Prof. Di Carlo, San Raffaele Hospital, 
Milan) and each with a portfolio of at least 95 (range: 67–132) pancreatic proce-
dures. Although these centers differed in terms of surgical volume, no differences in 
rates of major postoperative complications, pancreatic fistula, or postoperative mor-
tality were observed between high- and low-volume hospitals. This result suggests 
that an expert pancreatic surgeon might be able to reduce the gap between low- and 
high-volume centers, as long as the minimal requisites to perform pancreatic sur-
gery safely are guaranteed, such as the presence of an emergency department, inter-
ventional radiology and endoscopy services.

The second model is the “partnership model”, based on the cooperation between 
two hospitals with different volumes. An example of this approach has been pro-
vided by the collaboration between the low-volume center Infermi Hospital (Rimini, 
Italy) and the high-volume center Humanitas Research Hospital (Rozzano, Milan, 
Italy) [15]. During a study period of 3 years, an expert surgeon from Humanitas 
Research Hospital was actively involved in the pre-, intra- and postoperative man-
agement of patients undergoing pancreatic surgery at the low-volume center. As 
result of this management, the overall postoperative outcomes improved greatly, 
and the mortality rate was significantly reduced. A possible explanation is that this 
approach favored a better patient selection and a reduction of unnecessary interven-
tions. At the same time, the collaboration promoted the improvement of the surgical 
technique and of the management of postoperative complications, reducing the rate 
of failure to rescue.

6.2	 �Pancreatic Surgery in Italy: Relationship Between 
Volume and Outcome

Since 2008 the outcomes of pancreatic surgery in Italy has have described by some 
nationwide studies. These studies relied on the database of the Italian Ministry of 
Health, which includes every inpatient discharge from all public and private hospi-
tals in Italy.

The first article was published in 2008 [16] and confirmed also for Italy what had 
been previously described in other countries: a direct relationship between the 
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hospital’s experience (the volume) and the mortality rates. Facilities performing ≤5 
pancreaticoduodenectomies/year had a five-fold increased mortality risk in com-
parison with hospitals performing 80–100 pancreaticoduodenectomies/year (12.4% 
vs 2.6%) (Fig. 6.1).

A second study, focusing on the surgical treatment of pancreatic cancer in the 
period 2010–2012, was published in 2016 [17]. It showed that 89% of Italian hospi-
tals providing surgery for pancreatic cancer belonged to the very low- or low-
volume categories, with serious clinical consequences for patients and relevant 
excess cost for the National Health System (NHS). The study highlighted several 
aspects of the inadequacy of pancreatic cancer surgery when performed in low-
volume hospitals:

	1.	 An overuse of palliative and exploratory operations for pancreatic cancer in 
low-volume hospitals. Low-volume hospitals had a different surgical approach to 
pancreatic cancer patients, characterized by an overuse of non-resective surgery. 
The rate of non-resective surgery decreased progressively with increasing hospi-
tal volume, from 62.5% in very low-volume hospitals to 24.4% in very high-
volume hospitals (Fig.  6.2). Multivariate analysis confirmed the independent 
effect of hospital volume on the type of surgery carried out (resective or non-
resective): the probability of undergoing non-resective surgery was increased 
five-fold (adjusted odds ratio: 5.175) when patients were operated in very low-
volume hospitals compared with very high-volume facilities.

	2.	 A higher mortality rate in cases of resection. The volume-outcome relation of 
resective surgery was confirmed also in this study; overall mean mortality was 
6.7%, ranging from 11.7 to 3.8%, according to the increasing volume category.
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	3.	 A higher mortality rate was also recorded in cases of non-resective surgery (pal-
liative and explorative), not only for resections. The operative mortality rate was 
inversely related to hospital volume even for non-resective surgery, declining 
from very low- to very high-volume hospitals (from 10.6 to 4.6%, p < 0.001). 
Multivariate analysis confirmed the independent effect of hospital volume on 
operative mortality, for both resective and non-resective surgery.

	4.	 An excess cost for the NHS deriving from incorrect surgery. The estimation of 
avoidable costs due to the overuse of non-resective surgery in low-volume hos-
pitals showed that more than 9.5 million euros could have been saved by the 
Italian NHS over a 3-year period.

A more recent study investigated resections performed between 2014 and 2016 
(manuscript submitted in October 2019). The main objective of the study was the 
analysis of operative mortality recorded in Italian hospitals for overall pancreatic 
resections, evaluating both the relationship between mortality and hospital volume, 
and the mortality in each single hospital. Further, the outcome of operations per-
formed in Northern, Central and Southern Italy was evaluated, and the effect of 
patient mobility on outcome was assessed. Of the hospitals, 305 (77%) belonged to 
the very low-volume category (mean 2.6 resections/year), 52 to the low-volume 
category (15.6 resections/year), 26 to the medium-volume category (35.9 resec-
tions/year), 8 to the high-volume category (92.7 resections/year), 4 to the very high-
volume category (236.3 resections/year). In-hospital mortality for pancreatic 
resections was 6.1% on a national basis. A strong volume/mortality relation was 
confirmed: overall mortality progressively increased from 3.1% in very 
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high-volume hospitals to 10.6% of very low-volume hospitals (p < 0.001). For pan-
creaticoduodenectomy mortality ranged from 3.4% of very high-volume hospitals 
to 12.3% of very low-volume hospitals (p < 0.001). When looking at the mortality 
rates of individual facilities, a great variability among hospitals belonging to the 
same volume group was recorded. For this analysis, centers performing less than 10 
resections/year were excluded, since the number of cases would be too low to reli-
ably reflect the actual hospital performance. This analysis included 92 hospitals 
with a minimal annual volume of 10 resections/year (23.3% of hospitals). The 
observed mortality rates of such hospitals, in relation to their annual volume of 
resections, are shown in Fig. 6.3.

Operative mortality was higher than 5% in 48/92 centers (52.2%), 17 of which 
had >10% mortality (in four centers mortality was ≥20%). Increased death rates 
were recorded even in some of the 38 hospitals performing ≥25 resections per year: 
mortality was >5% in 17 facilities (44.7%), five of them belonging to high- or very 
high-volume groups. Death rates were higher than 10% in six facilities with volume 
between 25 and 41 resections/year. A worrying, heterogeneous picture was derived 
also from the analysis of the operative mortality recorded in different geographical 
areas and in the individual Regions: overall mortality was higher in Southern Italy 
in comparison with Central and Northern Italy (10.3%, 6.6% and 5.0%, respectively 
(p < 0.001). The analysis of mortality in each single Region, showed a great vari-
ability ranging from 3.0% in Veneto to 16% in Campania (Table 6.1). Searching for 
high-volume hospitals, a great patient mobility was recorded: 1381 out of 3363 
(41%) patients residing in Southern Italy moved to Northern (1085; 78.5%) or 
Central Italy (296; 21.5%) to receive pancreatic surgery. There was also a moderate 
mobility of patients living in Central Italy to Northern Italy (14.1%; 377 of 2663 
patients). Most patients travelling for surgery (75.5%) were operated on in high- or 
very high-volume hospitals. Thanks to this referral, patient mobility allowed a sig-
nificant reduction in mortality of Southern Italian patients: mortality was 10.4% for 
patients living and receiving surgery in Southern Italy and 2.7% for patients moving 
to Northern or Central Italy (p < 0.001).

6.3	 �Proposals for a Centralization Policy

The Italian NHS is organized on a regional basis. The central State has the task of 
defining the essential levels of care that must be ensured throughout the country and 
to monitor their actual achievement. Each Region plans and manages healthcare in 
full autonomy. In relation to pancreatic surgery, Italy does not provide for central-
ization on a national basis, and only a strict minority of Regions (Piedmont, Emilia-
Romagna, Tuscany, and the Autonomous Province of Alto Adige/Südtirol), has 
ruled on the matter, so that virtually every hospital is authorized to perform pancre-
atic operations, irrespective of volume or operative mortality.

The creation of the breast units in breast cancer care should act as a model in 
other surgical settings, where the complexity and the need for improvement are even 
more relevant than in breast surgery, such as the pancreatic surgery setting. The 
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guidelines on breast surgery, approved in 2014 by the State-Regions conference, 
require that each breast unit must treat at least 150 new cases per year. The data on 
pancreatic surgery in Italy indicate that more than 400 hospitals perform only 1–2 
pancreatic cancer resections a year or even only non-resective operations [16]. 
When women are treated in breast units, their survival rate increases by 18%; when 
a patient undergoes pancreatic resection in a very-low-volume center, the risk of 
operative mortality increases by 300%.

In the last unpublished study, different centralization hypotheses were tested, 
based on the analysis of the operations performed in the period 2014–2016. As 
clearly described in Fig. 6.3, the outcome analysis of each hospital showed that a 
high surgical volume could not guarantee low mortality in all centers, although it 
did increase the odds of a low mortality. Therefore, without considering a mortality 
threshold, a hospital selection based solely on surgical volume could prove inade-
quate, and some centers would receive accreditation, despite having >10%, or even 
>20% mortality.

In our centralization simulations, a minimal volume requirement was applied 
either as the sole criterion, or in combination with a mortality threshold. In case of 
applying a mortality threshold, facilities with death rates above a determined limit 
would be excluded, despite meeting the volume requirement. Two minimal volume 
thresholds were considered: ≥10 resections/year and ≥25 resections/year. The 
lower cutoff was chosen since it was the lowest among the various minimal volume 
requirements indicated by centralization policies in North America and Europe [8]. 
The higher was suggested by a French national study as one of the ideal thresholds 
to select facilities with low mortality [18]. Two maximal mortality thresholds were 
then combined with the volume requirements: ≤5% and ≤10%. The results of the 

Table 6.1  Operative 
mortality after pancreatic 
resections in Italian Regions: 
period 2014–2016

Region Mortality rate (%) N. of resections
Piedmont 6.9 897
Lombardy 5.0 3035
Trentino-Alto Adige 3.6 165
Veneto 3.0 2275
Friuli Venezia Giulia 4.0 226
Liguria 12.6 261
Emilia-Romagna 6.5 1152
Tuscany 7.3 1096
Umbria 7.4 176
Marche 5.0 282
Lazio 6.9 1075
Abruzzo 7.7 154
Campania 16 468
Puglia 8.5 475
Basilicata 12.5 56
Calabria 9.9 71
Sicily 8.1 542
Sardinia 5.7 187

Valle d’Aosta and Molise were not included because of the low 
number of resections
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simulations are shown in Table  6.2. All hypotheses would provide a significant 
improvement of mortality rates with respect to 6.1% of the present situation (range 
2.6–5.3%). When considering the minimal volume as the sole parameter, if the 
requirement was set at ≥10 resections/year, operative mortality would be 5.3% in 92 
selected hospital; if the requirement was set at ≥25 resections/year, mortality would 
be 4.7% in 38 selected hospitals. The exclusion of facilities with death rates >5% or 
>10% would allow a marked mortality reduction: the best performance in terms of 
mortality (2.6%) would be obtained by a combination of a minimal volume of ≥10 
resections/year and a mortality threshold of ≤5%: this hypothesis would select 44 
hospitals. If the mortality threshold was set at ≤10%, the overall mortality would be 
4.1%, with 75 facilities included in the selection.

Basing a centralization policy on individual hospital outcomes, instead of apply-
ing the sole volume criterion, could make these measures acceptable by all surgeons 
and facilities: to be judged by its own results, rather than being excluded by an 
arbitrary judgement (the volume), will remove an understandable obstacle to cen-
tralization. The performance of each hospital can be easily measured by existing 
administrative data, and every year it can be updated. This allows a constant audit of 
hospital outcomes, with the possibility to make adjustments, if the outcome worsens.

In the Italian context, each Region should actually define its own centralization 
policy, considering the regional population and the geographical conformation. The 
actual needs of each Region should define the minimal volume thresholds to reach 
the best outcomes in only a few centers, in which pancreatic surgery should be 
centralized.

In our country, the process should pass through the center’s accreditation, certi-
fied by the General Directorate of every Italian Region, according to some interdis-
ciplinary facilities. This should be supported by training courses certified by national 
scientific societies that provide both “ad hoc” teaching (specialization courses, mas-
ters etc.) and the decentralization of experienced surgeons through the guarantee of 

Table 6.2  Comparison of the present Italian situation (no centralization policy on a national 
basis), with different hypotheses of centralization, based on different minimal volume requirement 
and different mortality thresholds

Minimal volume 
(resections per 
year)

Mortality 
threshold

N. of 
hospitals

Operative 
mortality in 
hospital selection

Patients operated in 
hospital selection

p-value*%
N. of 
deaths %

N. of 
patients

None None 395 6.1 789 100.0 12,844 –
≥10 None 92 5.3 544 80.6 10,349 0.004

≤5% 44 2.6 161 47.6 6116 <0.001
≤10% 75 4.1 387 72.9 9368 <0.001

≥25 None 38 4.7 367 61.2 7859 <0.001
≤5% 21 2.8 141 39.0 5015 <0.001
≤10% 33 4.1 303 61.8 7396 <0.001

* p-value refers to the comparison between the present mortality rate and the mortality rate 
obtained in each hypothesis
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a “hub and spoke” relationship able to plan the progressive acquisition of experi-
ence in harmony with a homogeneous distribution of the accredited reference cen-
ters on the national territory. It is certainly a long path and not a simple one, but it is 
the only one that, maintaining due respect for the professionalism of the general 
surgeon, could guarantee the safety and centrality of the patient as a person.
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Volume-Outcome Relationship 
in Colorectal Surgery

Mario Morino, Antonino Spinelli, and Marco E. Allaix

7.1	 �Introduction

There is increasing evidence suggesting that hospital volume has a major impact on 
both perioperative and long-term outcomes after complex surgery for cancer [1–7]. 
The well-established relationship between hospital volume and outcomes in patients 
undergoing pancreatectomy, esophagectomy, gastrectomy and hepatectomy has led 
to the centralization of these complex procedures in high-volume hospitals in sev-
eral countries.

The effect of volume on the outcomes of patients undergoing colorectal resection 
for cancer is much more debated. Even though rectal resection with total mesorectal 
excision (TME) for cancer is a challenging surgical procedure that is associated 
with significant postoperative morbidity and mortality and the treatment is fre-
quently multimodal, the current evidence about the benefits of centralizing rectal 
cancer patients remains controversial. The evidence supporting the centralization of 
colon cancer patients is even weaker [8].

There are several factors that may be responsible for the lack of consensus on 
centralization policies for colon cancer surgery.

•	 First, colorectal cancer is currently the third most common cancer in men and the 
second in women, with an overall estimated 1,360,000 new cases in 2012. The 
incidence of colorectal cancer is significantly higher than that of gastric cancer, 
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pancreatic cancer or esophageal cancer, thus making the process of centraliza-
tion very challenging worldwide.

•	 Second, colon cancer has several clinical presentations, which still in 2019 
require emergent surgery in local community hospitals in up to 15% of cases [9], 
mainly due to bowel obstruction and perforation.

•	 Third, while pancreatic or esophageal cancer surgeries are burdened by high 
rates of challenging complications that need a multidisciplinary treatment, 
involving amongst others intensivists, endoscopists, and radiologists, this is 
rarely the case after colectomy, with most complications being treated surgically.

•	 Fourth, patients suffering from colon cancer are infrequently discussed at multi-
disciplinary team meetings in referral centers. In addition, a colon resection is 
usually less technically demanding than rectal resection with TME or other 
abdominal cancer operations.

As a consequence, most colon cancer patients receive surgical treatment at the 
hospital where the diagnosis has been made, regardless of the caseload. However, 
some recent data have shown that the subgroup of patients with locally advanced 
colon cancer might benefit from centralization of care in referral centers [10].

The aim of this chapter is to critically revise the current evidence about the 
impact of volumes on the outcomes of patients with locally advanced colon cancer 
and rectal cancer.

7.2	 �Volumes and Colorectal Cancer: Current Practice 
and Outcome Evaluation

During the last 40 years, major efforts have been made to improve outcomes in 
patients undergoing colorectal surgery for cancer. For instance, the adoption of new 
techniques, such as laparoscopy and TME, has led to significant improvement in 
both short-term and long-term oncologic outcomes [11].

Along with these technical advances, the centralization of surgical care has 
gained increasing attention. The first article that described a relationship between 
surgical volume and postoperative mortality was published by Luft et al. [12] over 
40 years ago. They analyzed the possible relationship between mortality and hospi-
tal’s surgical volume for several surgical operations of different complexity. 
Mortality was 25–40% lower after complex surgery, including open-heart surgery, 
vascular surgery, and coronary bypass in those hospitals where 200 or more of those 
surgical procedures were performed each year. Other procedures, such as cholecys-
tectomy, did not show significant relationships between volume and postoperative 
mortality. Similar results were obtained by Birkmeyer et al. [1] in 2002 in the United 
States. They evaluated the mortality rates after six different cardiovascular proce-
dures and eight major cancer resections between 1994 and 1999, including a total of 
2.5 million procedures. Mortality rates decreased by increasing the hospital volume 
for all 14 types of surgical operations. However, the clinical impact of the volume 
varied markedly according to the type of procedure. While the difference in 
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mortality between very low-volume hospitals and very high-volume hospitals was 
higher than 12% for pancreatic surgery, and 5% for esophagectomy, it was less than 
2% for colectomy. Similar results were observed by Hannan et al. [13]. They inves-
tigated the relationship between volume and postoperative in-hospital mortality. 
More than 32,000 patients undergoing colectomy, lung lobectomy, or gastrectomy 
for cancer between January 1, 1994 and December 31, 1997 were analyzed. Even 
though most benefits were obtained in gastric cancer patients, a 1.9% decrease in 
mortality was detected in colon cancer patients treated by high-volume surgeons. 
Interestingly, the relationship between volume and outcomes did not change over 
time, even though significant improvements occurred in surgical techniques, inten-
sive care and patient safety. The analysis of 3,282,127 Medicare patients undergo-
ing surgery between 2000 and 2009 confirmed that higher volume hospitals have 
significantly lower mortality rates than lower volume hospitals [14].

During the last 20 years, many studies have been focused on the impact of the 
centralization of surgery in colorectal surgery in and outside the United States, 
reporting controversial results (Table  7.1) [15–21]. A Cochrane review [16] was 
conducted in 2012 to evaluate the presence and impact of the volume-outcomes 
relationship and the role of specialization on both short-term and oncologic out-
comes in colorectal surgery starting in 1990.

For colon cancer patients, both 5-year survival and operative mortality were not 
associated with hospital volume. The effect of surgeon volume was significant in 
terms of operative mortality, while no relevant differences were observed in long-
term survival. At that time, there was very limited evidence about the incidence of 
postoperative anastomotic leaks based on surgeon and hospital volumes. Lastly, no 
conclusions on the effect of surgeon specialization were drawn due the paucity of 
studies focused on this topic.

For rectal cancer patients, hospital high volume was associated with better 5-year 
survival, while no association was observed for operative mortality. Regarding sur-
geon volume, significantly better results were observed only in studies with unad-
justed data, while the analysis of studies using case-mix adjustment did not reveal 
any significant relationship. As was the case with colon cancer, the interpretation of 
the impact of surgeon specialization on outcomes was strongly limited by the poor 
quality of the available evidence. The anastomotic leak rate was significantly asso-
ciated with hospital volume, but not with surgeon volume or specialization. Lastly, 
the rates of permanent stoma and abdominoperineal resections were significantly 
lower in higher volume hospitals and in patients treated by specialists and high-
volume surgeons.

Very recently, an updated systematic review and meta-analysis of the literature 
[17] analyzed the association between hospital/surgeon volumes and outcomes. A 
total of 47 papers published between 1997 and 2015 were pooled together, includ-
ing 1,122,303 patients, 9877 hospitals and 9649 surgeons. Thirty-day mortality was 
significantly lower in high-volume hospitals, while the effect of surgeon caseload 
was limited to colon cancer patients. Hospital and surgeon caseload did not signifi-
cantly influence overall postoperative morbidity. Overall anastomotic leak rate after 
rectal surgery was the only complication influenced by surgeon volume and hospital 

7  Volume-Outcome Relationship in Colorectal Surgery



58

Ta
bl

e 
7.

1 
In

flu
en

ce
 o

f 
ho

sp
ita

l a
nd

 s
ur

ge
on

 v
ol

um
e 

on
 th

e 
ou

tc
om

es
 o

f 
pa

tie
nt

s 
fo

llo
w

in
g 

co
lo

re
ct

al
 c

an
ce

r 
su

rg
er

y 
(d

at
a 

fr
om

 th
e 

lit
er

at
ur

e)

A
ut

ho
rs

C
ol

on
/r

ec
tu

m
N

um
be

r 
of

 
pa

tie
nt

s

30
-d

ay
 

m
or

ta
lit

y
O

ve
ra

ll 
m

or
bi

di
ty

A
na

st
om

ot
ic

 
le

ak
L

on
g-

te
rm

 
su

rv
iv

al
L

oc
al

 
re

cu
rr

en
ce

H
V

SV
H

V
SV

H
V

SV
H

V
SV

H
V

SV
K

ar
an

ic
ol

as
 e

t a
l. 

[1
5]

C
ol

on
 +

 r
ec

tu
m

21
,0

74
=

+
N

E
N

E
N

E
N

E
N

E
N

E
N

E
N

E
H

uo
 e

t a
l. 

[1
7]

C
ol

on
33

1,
95

2
+

+
=

=
=

=
=

+
=

=
R

ec
tu

m
58

,5
68

+
+

=
=

+
+

=
+

+
+

B
uu

rm
a 

et
 a

l. 
[1

8]
C

ol
on

 +
 r

ec
tu

m
77

4
N

E
=

N
E

=
N

E
=

N
E

+
N

E
N

E
B

ae
k 

et
 a

l. 
[2

1]
R

ec
tu

m
71

87
+

N
E

N
E

N
E

N
E

N
E

N
E

N
E

N
E

N
E

B
ur

ns
 e

t a
l. 

[1
9]

C
ol

on
 +

 r
ec

tu
m

10
9,

26
1

=
=

=
=

=
=

N
E

N
E

N
E

N
E

A
qu

in
a 

et
 a

l. 
[2

0]
R

ec
tu

m
77

98
+

+
N

E
N

E
N

E
N

E
N

E
N

E
N

E
N

E
Sh

ee
tz

 e
t a

l. 
[3

1]
C

ol
on

43
90

=
N

E
=

N
E

N
E

N
E

N
E

N
E

N
E

N
E

E
l A

m
ra

ni
 e

t a
l. 

[2
8]

R
ec

tu
m

45
,5

69
+

N
E

+
N

E
=

N
E

N
E

N
E

N
E

N
E

+
 v

ol
um

e 
in

flu
en

ce
, =

 n
o 

vo
lu

m
e 

in
flu

en
ce

, H
V

 h
os

pi
ta

l v
ol

um
e,

 N
E

 n
ot

 e
va

lu
at

ed
, S

V
 s

ur
ge

on
 v

ol
um

e

M. Morino et al.



59

volume. No differences were detected in terms of anastomotic leak after colon 
resection. Overall, surgeon volume was associated with significantly shorter opera-
tive time and hospital stay, lower costs, greater number of lymph nodes harvested in 
the specimen, lower relapse rates and better 5-year survival.

The results of these reviews seem to suggest that high volumes and specializa-
tions play a key role in determining outcomes in colon and rectal cancer patients. 
However, the interpretation of these conclusions is challenged and biased by several 
factors. First, there was no agreed definition of high volume (for either hospitals or 
surgeons), which was very heterogeneous, with wide ranges of volume thresholds. 
Second, there was no consensus on the definition of a colorectal specialist. Third, 
emergency and elective cases were combined in the Cochrane analysis. Emergent 
cases were more likely performed in hospitals with low caseload, without the facili-
ties employed for elective surgical care, and by non-specialist surgeons. Fourth, the 
studies considered were conducted in countries with healthcare systems that differ 
largely in care delivery. Lastly, the presence of other facilities, such as multidisci-
plinary teams and intensive care units, was not taken into consideration. It might be 
that the outcomes obtained in high-volume surgical institutions more closely reflect 
the presence of high-standard oncological care than the volume and surgical quality 
per se. As a consequence, the critical analysis of the evidence available raised the 
doubt about the potential risk of moving patients from low-volume providers per-
forming high-quality surgery to high-volume providers doing low-quality surgery.

To better define if there is any significant impact of volumes per se on colorectal 
cancer patient outcomes and if the better results are related to surgical volume or to 
other factors, Burns et  al. [19] published in 2013 the results of an observational 
study including 109,262 elective colorectal resections for cancer performed in 
England between 2000 and 2008. Consultant surgeons and hospitals were divided 
into three groups (low, medium and high volume) based on their mean annual vol-
ume. Provider volume was also considered a continuous variable in a second statis-
tical model. An increase in the median volume of consultant surgeons and hospital 
was observed during the study period, mainly due to the trend towards surgeon 
specialization and patient referral to specialized centers. High-volume surgeons 
more likely treated rectal cancer patients and used more frequently the laparoscopic 
approach. However, when volume was considered a categorical variable, the high 
caseload of surgeons and hospitals was associated only with shorter length of hos-
pital stay, while no differences were observed in postoperative 30-day in-hospital 
mortality, readmission rates or 28-day reoperation. When volume was considered a 
continuous variable, no association with the study outcomes was observed. It was 
speculated that this lack of effects of volume on patient outcomes might depend on 
the tendency of operating surgeons to specialize. Interestingly, significant variations 
in outcomes were reported even among very high-volume consultant surgeons, with 
mortality rates ranging between 0 and 7.7%, reoperation rates between 0.6 and 
14.2%, and readmission rates between 3.6 and 16%; mean length of operative stay 
ranged from 6.3 to 17.8 days. These data suggest that the increase in volumes per se 
may not be sufficient to improve the postoperative outcomes of colorectal cancer 
patients.

7  Volume-Outcome Relationship in Colorectal Surgery
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To date, it is unclear if hospital volumes are more important than surgeon 
volumes or vice versa. Aquina et al. [20] retrospectively reviewed 7798 patients, 
observing a 57% decrease in 30-day mortality among patients operated on by 
high-volume surgeons at high-volume hospitals compared with patients treated 
by low-volume surgeons in low-volume hospitals. However, no significant dif-
ferences were reported for high-volume surgeons operating in low-volume hos-
pitals or for low-volume surgeons working at high-volume hospitals. Baek et al. 
[21] showed lower mortality and increased sphincter-preserving procedures 
among patients undergoing rectal resection in high-volume facilities. Evaluation 
of the interaction between surgeon and hospital volume revealed that the best 
mortality rates and oncologic outcomes were observed in high-volume hospitals 
with high-volume surgeons, followed by low-volume hospitals with high-vol-
ume surgeons.

Some studies have reported that low-volume hospitals with high-volume sur-
geons achieved better results than high-volume hospitals with low-volume surgeons, 
suggesting that surgeon volume is more important than hospital volumes. However, 
a clear threshold of effect of volumes on outcomes, and a linear relation between 
volume and outcomes has not been demonstrated. In addition, other factors that 
influence surgical outcomes are patient characteristics, including comorbidities, 
cancer characteristics, and surgeon characteristics, such as experience and learning 
curve. Regarding this latter variable, it is interesting to note that the annual volumes 
reported in many studies are lower than those reported in studies addressing the 
learning curve in colorectal surgery [22].

As also demonstrated by Kurlansky et al. [23] even low-volume hospitals with 
low-volume surgeons can achieve good clinical results, if the standard of evidence-
based quality are followed, through multifactorial interventions, including educa-
tion and periodic audit. Another possible variable that might improve outcomes 
after colorectal surgery is the subspecialty of surgeons in colorectal surgery. For 
instance, Saraidaridis et al. [24] analyzed outcomes according to colorectal training 
after adjusting for hospital and surgeon volume. A total of 270,684 patients under-
going surgery performed by 8217 general surgeons and 196 colorectal surgeons 
between 2000 and 2014 in the state of New York. Colorectal surgeons performed 
26.7% of all procedures and had annual higher volumes for colectomies and proc-
tectomies than general surgeons. Also hospital volumes were higher for the patients 
treated by colorectal surgeons. In-hospital mortality was significantly lower, hospi-
tal stay was significantly shorter, and a colostomy was less frequently performed in 
patients treated by colorectal than general surgeons. This reflects the attitude 
towards a more selective use of stoma and a trend towards a higher number of 
colorectal anastomoses. These findings support the concept that specific colorectal 
training provides several advantages in terms of postoperative outcomes. In the 
United States, colorectal subspecialty training has led to increased experience in the 
preoperative, intraoperative, and early postoperative management of both colon and 
rectal cancer patients, with particular focus on proficiency in minimally invasive 
laparoscopic approach. Several factors might be associated with the better outcomes 
observed in these patients, including the volume exposure during the training period, 
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the specialized working setting and academic attention to this aspect. Surgeon vol-
ume goes hand in hand with the learning curve. Unfortunately, the learning curve is 
variable in the absence of a univocal threshold, since it depends on the outcome 
chosen to measure the surgeon proficiency: conversion to open surgery in the case 
of laparoscopic surgery, intraoperative blood loss, operative time or hospital length 
of stay. Several studies conducted in the United States clearly demonstrated that the 
mean number of laparoscopic colon resection performed over the colorectal fellow-
ship training period was significantly higher than that performed by residents in 
general surgery. As a consequence, the comfort in performing laparoscopic right or 
left colectomy was significantly higher among specialized colorectal surgeons 
[25, 26].

Patient comorbidities determine the risk of postoperative mortality, regardless of 
hospital volume [27, 28]. In order to identify the role of hospital volume on postop-
erative mortality after resection according to the Charlson Comorbidity Index 
(CCI), El Amrani et al. [28] reviewed 45,569 rectal resections in a French nation-
wide study. Ninety-day postoperative mortality was 3.5% and strictly correlated to 
the CCI score and age. Among low-risk patients, mortality was significantly lower 
in high-volume hospitals (≥41 surgeries per year) than in intermediate- (10–40) or 
low-volume hospitals (<10) for all categories of CCI score and age. In the multivari-
ate analysis, proctectomy in low- and intermediate-volume centers were indepen-
dently associated with higher rates of postoperative mortality, along with 
comorbidities, open approach, anastomotic leak. Lower rates of mortality were also 
observed in high-volume centers among patients who experienced postoperative 
complications, suggesting that the ability to manage the complications in a multi-
disciplinary setting allows outcomes to be improved. The presence of expert inter-
ventional radiologists, endoscopists, intensive care units may be responsible for the 
lower rates of adverse outcomes in high-volume hospitals.

7.3	 �This Is the Evidence: How About Clinical Practice?

Although weak and debated, some evidence seems to suggest that the centralization 
of colorectal surgery might improve outcomes (Table 7.1). Nevertheless, concerns 
about the centralization of colorectal cancer surgery to high-volume hospitals have 
been raised, since it might increase disparities in the management of patients, mostly 
those living in rural areas and the elderly, increase the need to travel for patients and 
families and lead to fragmentation of postoperative care. It is important to consider 
that colorectal surgery includes a variety of benign, highly prevalent diseases, 
including diverticulitis, inflammatory bowel disease and endometriosis. The surgi-
cal skills and techniques required to treat such conditions are similar to those 
required to treat colorectal cancers. Therefore, centralizing oncologic colorectal 
surgery leads to the risk of worsening surgical results in the management of benign 
colorectal conditions. It has been reported that perioperative mortality significantly 
increases when patients are followed up at centers where the index operation was 
not performed and/or performed by different providers [29]. Interestingly, the 
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implementation of rectal surgery centralization has been lower than expected even 
in the United States, where several studies suggesting a critical role of volume have 
been conducted. The “Take the Volume Pledge” (TVP) campaign was conceived in 
2015 to centralize complex surgery, including esophagectomy, proctectomy and 
pancreatectomy [30]. Hospitals were divided in four categories, based on whether 
or not they met the TVP annual mean volume threshold for each surgical procedure 
(≥15 rectal resections per year) and the total number of years each facility was con-
sidered high-volume during the study period: low-volume, intermittent low-volume, 
intermittent high-volume, high-volume. A retrospective cohort study of patients 
included in the National Cancer Data Base with a diagnosis of esophageal, pancre-
atic or rectal cancer was conducted. Only few US hospitals met the annual TVP 
threshold (high or intermittent high volume): in particular, 19.7% for proctectomy. 
Multimodality treatment was more likely used in high-volume than in lower volume 
hospitals. Similarly, the rates of positive resection margins, 30-day and 90-day mor-
tality were all lower in the high-volume centers than in the other categories of hos-
pitals with lower volumes. However, 48% of proctectomies were performed in 
low- or intermittent low-volume hospitals. Similar results were obtained by Sheetz 
et al. [31] who analyzed in 2019 the association between hospitals’ adherence to the 
minimum volume standards and short-term outcomes.

The better outcomes related to the multidisciplinary approach have witnessed 
clinically relevant improvements during the last 10 years, mainly due to the use of 
MRI-based staging, use of total neoadjuvant therapy and adoption of minimally 
invasive approaches, including laparoscopic and robot-assisted surgery. All these 
developments have resulted in a significant decrease in hospital stay, severe postop-
erative complications rates, surgical site infections, and anastomotic leaks. 
Preliminary evidence seems to suggest that total neoadjuvant therapy might be asso-
ciated with decreased positive circumferential margin rates and increased rates of 
tumor downstaging [32].

Even though population-based screening programs have been widely adopted in 
many countries worldwide, 10–15% of patients present with locally advanced colon 
or rectal cancer, with subsequent impact on management and prognosis. To date, the 
role of centralization of this subgroup of patients is still unclear. Indeed, very few 
studies have focused on the impact of volumes on the outcomes in these patients. 
For instance, the Dutch Surgical Colorectal Audit conducted between 2009 and 
2014 and including 4980 patients with a clinical T4 colon cancer revealed that there 
is a very small difference in terms of number of colon resections between so-called 
low- and high-volume centers (2.3 vs. 6.9), suggesting that centralization has not 
already occurred [10]. The currently available data regarding perioperative mortal-
ity (about 6%) and recurrence rates (up to 56%), with subsequent poor survival 
suggest that there is room for improving outcomes in patients with locally advanced 
colon cancer. It has been speculated that centralization of this surgery might be 
associated with better results, mainly due to increased rates of multivisceral resec-
tions, minimally invasive approach and bridging strategies including decompressive 
stomas in cases of bowel obstruction, and implementation of neoadjuvant treat-
ments after multidisciplinary team discussion. Recent studies [33] have shown that 
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neoadjuvant chemo(radiation) therapy may increase the rate of R0 resections, with-
out adding significant toxicity. However, the absence of studies with long follow-up 
periods does not allow any conclusion to be drawn about the oncologic impact of 
this strategy in locally advanced colon cancer.

Finally, volumes are interestingly not considered as a parameter in a sophisti-
cated program like the American National Accreditation Program for Rectal Cancer 
(NAPRC), developed through a collaboration between the OSTRiCh (Optimizing 
the Surgical Treatment of Rectal Cancer) Consortium and the Commission on 
Cancer (CoC), a quality program of the American College of Surgeons. Indeed, the 
requirements for a division to qualify for such a program imply the volumes, since 
it is implicit that no low-volume hospital would sustain such an implementation and 
the related periodic auditing.

7.4	 �Conclusions

Even though both surgeon and hospital volume are recognized factors having a 
significant impact on short-term and oncologic long-term outcomes in colorectal 
cancer patients, surgeon expertise and caseload seem to be more crucial than hospi-
tal volumes. Indeed, hospital volume thresholds are discretionary and differences 
between hospitals considered low- or high-volume are diminishing over time. To 
date, public health policies have limited the centralization of colon and rectal cancer 
surgery in many countries. Furthermore, it is important not to forget the role of 
complex benign colorectal surgery: expertise in managing inflammatory bowel dis-
ease or diverticulitis is synergistic to oncologic colorectal surgery. As a conse-
quence, it may be more appropriate to differentiate hospitals in high-quality and 
low-quality rather than in high-volume and low-volume.
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in Surgery of Soft Tissue Sarcomas
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8.1	 �Introduction

Soft tissue sarcomas (STS) are rare malignancies of the connective tissue, account-
ing for 1% of all tumors. The incidence of STS is 6 per 100,000 inhabitants/year, 
with a slight male predominance. STS are more common among the childhood can-
cers, representing 15% of all pediatric solid malignancies, while they are very rare 
in adolescents. STS include over 80 different histological entities with approxi-
mately 200 molecular subtypes. STS arise from soft tissue in 75% of cases, from 
gastrointestinal stroma in 15% and from bone in 10%. The most common site of 
origin is the extremities (50%), followed by the retroperitoneum (20%), the viscera 
(15%), the superficial trunk (10%) and the head and neck (5%). Sarcomas are more 
common in the sixth decade of life, but there are age variations depending on the 
different histological types (i.e., embryonal/alveolar rhabdomyosarcoma and Ewing 
sarcoma in pediatric patients, synovial sarcoma and myxoid liposarcoma in younger 
adults and leiomyosarcoma and myxofibrosarcoma in older patients) [1].

Tumor-related factors, such as age, size, grade and histology have been shown to 
be predictors of overall survival and are included in nomograms for sarcomas of the 
extremities and retroperitoneum (www.sarculator.com). However, several 
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treatment-related factors, such as quality of surgery and use of radiotherapy and/or 
chemotherapy are reported to have a similar impact on prognosis. In general, local 
recurrence is more common among some low-grade tumors, while high-grade STS 
tend to spread distantly. Similarly, retroperitoneal sarcomas tend to have a local pat-
tern of recurrence, while extremity STS favor a distant spread. Among the extremity 
STS, myxofibrosarcomas are more likely to recur locally, while vascular sarcoma, 
undifferentiated pleomorphic sarcoma, leiomyosarcoma and synovial sarcoma have 
a much higher risk of distant metastasis. Although the lung is usually the first meta-
static site of STS, some histologic subtypes may have peculiar metastatic patterns 
(i.e., high-grade myxoid liposarcomas have a high tropism for the abdomen, medi-
astinum, soft tissues and bone).

Surgery is the only potentially curative treatment for localized STS and should 
consist of wide en-bloc resection of the tumor with microscopic negative margins. 
In particular, quality of the initial surgery is reported to be the strongest predictor of 
recurrence-free and overall survival. However, in order to maximize the long-term 
oncological outcome, surgery should be tailored to the specific histologic type and 
be part of a multidisciplinary management of the disease.

In general, STS patients should be managed at sarcoma centers that allow for a 
multidisciplinary discussion of the cases between the surgical oncologist, the medi-
cal oncologist, the radiation oncologist, the radiologist and the pathologist. 
Moreover, given the complexity of the surgeries, support from other specialists (i.e., 
plastic surgeon, vascular surgeon, urologist, and thoracic surgeon) should be 
warranted.

In the present chapter we discuss the complexity of the approach to sarcomas and 
the importance of centralization of their management in delivering the best care to 
sarcoma patients, still afflicted by a high rate of erroneous diagnoses and unplanned 
surgical excisions as well as suboptimal management at non-specialized centers.

8.2	 �Principles of Surgery

Sarcomas usually present as solid masses. The periphery of the lesion is the most 
vital part of the mass. It is generally surrounded by a pseudocapsule of variable 
thickness consisting of compressed tumor cells embedded in a fibrovascular tissue, 
rarely associated with an inflammatory component, and in continuity with the sur-
rounding normal tissues. This is the reason why a simple excision, i.e., enucleation, 
cannot be curative, even if most sarcomas do not seem to infiltrate surrounding 
structures.

Indeed, sarcomas respect anatomical borders. Thus, the local anatomy influences 
tumor growth by setting natural barriers to their extension. In general, sarcomas 
take the path allowed by least resistance anatomical planes and initially grow within 
the anatomical compartment in which they arose. Only at a later stage are the walls 
of that compartment violated (i.e., the cortex of a bone or the aponeurosis of a 
muscle) and the tumor breaks into another compartment. STS may arise between 
compartments (thus being extracompartmental) or in anatomical sites that are not 
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walled off by anatomical barriers, such as the intermuscular or subcutaneous planes, 
as well as the retroperitoneum. In the latter case, they remain extracompartmental 
and only at a later stage break into the adjacent compartment.

There are four basic types of excisions, depending on the relationship of the dis-
section plane to the surface of the tumor.

•	 An intralesional excision is performed within the tumor mass and results in 
removal of only a portion, so that macroscopic tumor is left behind.

•	 In a marginal excision, the dissection plane crosses the pseudocapsule of the 
tumor. Such an excision may leave microscopic disease, and microscopic mar-
gins may be either positive or negative, depending on the type of tumor and sur-
rounding tissues.

•	 A wide excision entails removing the tumor with a cuff of circumferential healthy 
tissue. However, the adequate thickness of this cuff varies broadly according to 
the type of tissue. It should be of some centimeters along the longitudinal plane 
of the muscle. It can be 1 cm along the axial plane of the muscle. It can be few 
millimeters, or even less, in proximity of tissues particularly resistant to tumor, 
such as vascular adventitia, periosteum, epineurium, peritoneum, or pleura. If 
not infiltrated, the underlying structures can be safely preserved. If infiltrated, 
their removal should always be considered.

•	 Radical resection implies removal of the tumor and the whole anatomical com-
partment in which it is located.

The quality of surgical margins is critical and ideally should be always evaluated 
by both the operating surgeon and the pathologist. The closest margin should be iden-
tified and extensively sampled. Microscopically, margins are defined as negative, 
when the tumor edge is covered by at least 1 mm of healthy tissue, or positive when 
the tumor edge is covered by <1 mm of healthy tissue or is found at the inked surface.

In principle, the aim of surgery is to resect the tumor surrounded by healthy tis-
sue and to avoid positive surgical margins [2]. In fact, the risk of local failure dou-
bles in case of positive margins, despite the use of postoperative RT, with a 
subsequent impact on distant outcome and survival. While the initial prognosis 
mainly depends on the biology of the tumor, once a patient has ‘survived’ the first 
period and the systemic risk dependent on tumor biology becomes weaker, the qual-
ity of surgery appears as the strongest prognosticator for outcome. Two factors can 
explain the impact of positive surgical margins on survival: a relatively slight 
increase in the risk of subsequent systemic spread in case of recurrence and a direct 
impact of local recurrence that may lead to death in some sites. This is typically true 
for tumors located to the trunk (i.e., retroperitoneum). However, a positive margin 
can be planned in advance in order to preserve an important structure for function-
sparing (i.e., a motor nerve) or reduce morbidity (i.e., duodenum/head of the pan-
creas), provided adequate radiotherapy and or chemotherapy are delivered in the 
preoperative setting. Size, site histologic subtypes as well as anatomical constraints, 
function preservation, postoperative morbidities and quality of life should all be 
factored in making decisions about the treatment strategy. This underlines the 
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importance of the multidisciplinary approach and specific knowledge of the natural 
history of the different histologic subtypes.

8.2.1	 �Extremity and Trunk Wall STS

Until Rosenberg et al. in the early 1980s proved that the outcome of patients with 
high-grade extremity STS undergoing limb-sparing surgery with adjuvant radiation 
therapy did not differ from those treated by primary amputation, the standard treat-
ment for extremity STS was amputation. Now the goal in extremity STS is limb-
sparing and function-sparing resections, while achieving adequate surgical margins 
(Fig. 8.1). The necessity to cover the soft tissue loss by a flap transposition depends 
on several factors, such as the site and size of the defect, exposed structures (bone, 
vessels, nerves), and functional restoration. Vessels, nerves, and bone are always 
resected when directly invaded/encased, while their resection has to be discussed on 
a case-by-case basis when their periosteum, adventitia or epineurium are infiltrated 
without invasion of the underlying structure. The rates of local recurrence in the 
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Fig. 8.1  (a) Axial contrast-enhanced T1-weighted magnetic resonance imaging view of a primary 
undifferentiated pleomorphic sarcoma of the right thigh, adductor compartment. (b) Surgical field 
after tumor removal, with evidence of a significant muscle resection. (c) Surgical specimen (the 
tumor is entirely contained in a cuff of healthy muscles)
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trunk and in the extremities range between 5 and 10%, and rarely impact overall 
survival (OS), so that a wider resection and even amputation can be left as salvage 
treatment in the case of recurrent disease. Several studies evaluated the impact of 
margin status on the long-term outcome of patients with STS of the extremities and 
trunk [3]. Patients undergoing an R1 resection tend to have a higher risk of local 
recurrence which does not affect distant recurrence. In particular, in non-metastatic 
extremity and truncal STS, an R1-positive margin ≤1 mm may be adequate in the 
context of a multidisciplinary treatment. When close margins can be anticipated, 
preoperative chemotherapy/radiotherapy may be a reasonable option to maximize 
the chance of cure [4].

The histologic subtype should be also weighted in the decision-making process. 
In particular, myxofibrosarcoma has a local recurrence rate up to 30%, especially 
when negative margins cannot be achieved. It infiltrates through soft tissue beyond 
the visible or palpable mass invading into the anatomic boundaries and determining 
a 16% rate of distant recurrence. In addition, some histologic subtypes may be more 
sensitive to conventional chemotherapy (i.e., synovial sarcoma, high grade myxoid 
liposarcoma, undifferentiated pleomorphic sarcoma) or radiotherapy (i.e., myxoid 
liposarcoma) or other newer agents, such as sunitinib/pazopanib (in alveolar soft 
part sarcoma, extraskeletal myxoid chondrosarcoma, solitary fibrous tumor, etc.) 
and sirolimus/everolimus (in perivascular epithelioid cells tumors, etc.) [5].

8.2.2	 �Retroperitoneal STS

Retroperitoneal sarcomas (RPS) are large tumors that recur in a locoregional man-
ner in 20–50% of patients. Local recurrence correlates with OS in the same way as 
distant recurrence, as patients die of inoperable locoregional disease even more fre-
quently than of distant metastases.

Unlike primary epithelial solid tumors, which are usually confined to a single 
organ and can generally be removed with resection of that organ, retroperitoneal 
STS commonly abut multiple surrounding organs. Paralleling surgery in the 
extremities, tumors should be systematically resected en bloc with surrounding 
tissues, which at this site are mainly the adjacent viscera even when not overtly 
involved, to minimize the risk of microscopically positive margins (Fig.  8.2). 
This is particularly true for liposarcomas (well-differentiated and de-differenti-
ated), which account for 55–60% of all RPS. Their locoregional risk is the high-
est among all RPS, as their well-differentiated component is virtually 
undistinguishable from the normal retroperitoneal fat and it is often underesti-
mated, especially by non-specialized surgeons. Surgery often includes ipsilateral 
nephrectomy and colectomy; locoregional peritonectomy and myomectomy 
(partial/total) of the muscle of the lateral/posterior abdominal wall (usually 
psoas); splenectomy and left pancreatectomy for tumors located on the left upper 
side; occasionally pancreaticoduodenectomy or hepatectomy for tumors located 
on the right upper side; and vascular and bone resection only if vessels/bone are 
overtly infiltrated.
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Fig. 8.2  (a) Coronal contrast-enhanced computed tomography portal phase scan of a primary 
dedifferentiated liposarcoma of the right retroperitoneum. (b) Surgical field after tumor removal, 
with evidence of removal of the tumor en-bloc with the right kidney and adrenal, right colon, right 
psoas muscle and a portion of the right diaphragm, while the right liver lobe is flipped contralater-
ally. (c) Surgical specimen entirely covered by the adherent viscera (right kidney and adrenal, right 
colon, psoas muscle, segment of diaphragm and peritoneum)
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In the other retroperitoneal histologic subtypes, such as leiomyosarcoma, soli-
tary fibrous tumor, malignant peripheral nerve sheath tumors, the approach is more 
variable and depends on tumor presentation and direct organ invasion. These tumors 
have a locoregional extension which is easier to assess. In addition, failures pre-
dominantly occur at distant sites. Surgery should still be aimed at achieving a nega-
tive margin resection. However, this can be more often achieved saving also close 
organs if not directly involved.

Of note, the role of surgical margins in RPS has not been established as it has 
been in the extremities, in part due to the challenges of pathologic assessment of the 
margins in large tumors and to the absence of a standardized protocol to process the 
specimens. While negative margin resection is the goal, pathological assessment of 
the status of surgical margins is usually suboptimal and not reliable in retrospective 
series [6].

Finally, while in extremity soft tissue sarcoma locoregional failures can always 
be salvaged by a surgical procedure such as an amputation, in truncal sarcoma and 
especially in retroperitoneal sarcoma, when locoregional failures occur, there are no 
salvage surgeries and the risk of death associated with an inappropriate initial resec-
tion cannot be counterbalanced by any further operation. This directly affects the 
chance of cure of the single patient.

8.3	 �Principle of Multidisciplinary Management

A multidisciplinary approach is the goal in all cases of STS. Treatment strategies for 
all patients must be the result of the consensus of the multidisciplinary team (MDT) 
including surgical oncologists, pathologists, radiologists, radiation therapists, and 
medical oncologists [7]. The expanded MDT includes pediatric and geriatric oncol-
ogists, nuclear medicine specialists, organ-based specialists, oncology-pharmacists, 
psycho-oncologists, palliative care experts, and physiotherapists. The heart of this 
decision-making process is a weekly MDT meeting where all patients are discussed 
balancing the recommendations of clinical guidelines with the complexity of the 
single case. In particular, the MDT meet to discuss the first diagnosis, multidisci-
plinary treatment, follow-up protocols, recurrent disease, deviations from clinical 
practice guidelines, discrepancies from histology and imaging, and options for 
genetic testing.

8.3.1	 �Diagnosis

The appropriate diagnostic assessment includes imaging, histology and molecular 
biology. In particular, magnetic resonance imaging (MRI) is the main imaging 
modality in the extremities, pelvis and trunk, while computed tomography (CT) is 
preferred in retroperitoneal sarcomas. In addition, staging often includes an assess-
ment of the chest by a baseline CT scan. Multiple core needle biopsies, possibly by 
using 14–16 G needles, are mandatory for the diagnosis. However, an excisional 
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biopsy may be preferred for <3 cm superficial lesions. A molecular analysis, such as 
fluorescence in situ hybridization for gene translocations or immunohistochemistry 
for aberrant protein expression, allows one to refine the diagnosis and in some 
instances to identify targeted agents tested in clinical trials.

8.3.2	 �Multidisciplinary Management of Extremity STS

Adjuvant radiation and chemotherapy both play a role in the management of extrem-
ity STS. Each STS carries its own propensity to spread locally or distantly, and 
nomograms predicting histology-specific rates of recurrence and survival can assist 
the clinician in the decision-making process. In general, tumors that tend to recur 
locally may benefit from radiation, whereas tumors with metastatic potential may 
require systemic treatment or a combination of both. Patients who benefit the most 
from radiation are those with large, high-grade sarcomas that carry a significant risk 
of local recurrence.

Identifying the ideal candidates for adjuvant or neoadjuvant chemotherapy is 
more difficult than those for radiation. Considering that approximately 25–50% of 
patients with extremity STS develop distant disease, several trials have been run in 
an attempt to identify the best candidates for systemic chemotherapy. In general, 
patients with large (>10 cm), deep, high-grade STS benefit the most from doxorubi-
cin and ifosfamide-based chemotherapy. However, chemosensitive sarcomas, such 
as synovial sarcoma and high grade myxoid liposarcoma, benefit from adjuvant 
treatment possibly even in the context of smaller lesions. Differently, patients with 
chemoresistant sarcomas, such as clear cell sarcomas, alveolar soft part sarcomas 
and others, have classically not been prescribed conventional neoadjuvant chemo-
therapy. However, other agents have proven to be effective in rarer sarcomas and 
can be considered on an individual basis, whenever a neoadjuvant treatment is 
needed to maximize the chance of a complete surgical resection. Conventional che-
motherapy can also be administered concurrent to radiotherapy to maximize tumor 
response, especially when limb/function preservation can be difficult or positive 
margins are expected. The same applies to trabectedin, which was recently shown 
to be very well tolerated in combination with radiotherapy and could become a 
standard approach in high-grade myxoid liposarcoma.

Hyperthermic isolated limb perfusion is an option in patients not fit for or failing 
other treatments, but the procedure is available at only a few specialized centers.

8.3.3	 �Multidisciplinary Management 
of Retroperitoneal Sarcomas

The role of radiation therapy in RPS is still debated. Due to the contiguity to radio-
sensitive organs and to the large radiation field, the use of radiotherapy for RPS is 
very limited. The preliminary results of STRASS-1, the first randomized, multi-
center, international trial, aiming to understand the efficacy of radiotherapy 
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combined with surgery in RPS, failed to demonstrate a benefit of preoperative 
radiotherapy. However, 5-year abdominal recurrence-free survival was significantly 
higher in well-differentiated and grade 1 or 2 dedifferentiated liposarcomas treated 
with preoperative radiotherapy compared to surgery alone [8].

The role of chemotherapy in RPS, mostly in high risk forms, such as G3 dedif-
ferentiated liposarcoma and leiomyosarcoma, is debated and a new randomized trial 
(STRASS-2) is in preparation to analyze the role of neoadjuvant chemotherapy for 
high-grade liposarcoma and leiomyosarcoma of the retroperitoneum.

8.4	 �Centralization of Sarcoma Care

Given the complexity of the disease and the heterogeneity of the various presenta-
tions, it is intuitive that the management of sarcoma patients should be centralized 
to referral centers and/or within referral networks that share multidisciplinary 
expertise. These centers should treat a high number of patients annually and be 
involved in ongoing clinical trials that allow for the best tailored treatment for each 
specific case [9].

In general, centralization of the surgical resection of common cancers in special-
ized centers is advocated to minimize postoperative morbidity and mortality. 
However, very little is available to show an impact of centralization on the overall 
cure rate. In sarcomas, instead, centralization is predominantly advocated to directly 
impact sarcoma-specific survival. In other words, the initial multidisciplinary 
approach as well as the performance of the surgical resection in a specialized center 
have been shown to increase the cure rate. This is especially true for sarcoma of the 
trunk, where the cure rate increases up to 20%. Unplanned resections may indeed 
come at a lower postoperative morbidity risk compared to adequate wide excision. 
This applies at all anatomic sites, but it is even more critical in truncal sarcomas. It 
has also been shown that the lack of specific expertise is not compensated by com-
pliance with guidelines.

Case volume is the inevitable first criterion to define referral centers. Different 
thresholds have been hypothesized. However, none of them was really supported by 
strong data until very recently. Most of the empirical evidence now available comes 
from the French National Cancer Institute clinical network for sarcoma (NETSARC) 
founded in 2009 and including 26 reference centers throughout the nation. In a 
recent study on 35,784 patients and 155 different histological subtypes of sarcoma, 
surgery at a NETSARC center was found to correlate with OS, local relapse-free 
survival, and event-free survival (Fig. 8.3) [10]. In addition, also presentation to an 
MDT board was associated with an improved local relapse-free survival and event-
free survival, but it was an adverse prognostic factor for OS if surgery was not per-
formed in a referral center. Taken together, these findings show how personalizing 
the approach to the single patient improves the cure rate [11].

Several reports have recently been published on the subgroup of retroperito-
neal sarcomas, which, given the peculiarity of their presentation, cannot be 
salvaged by a second procedure [12–15]. One of the latest and most extensive 
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describes a cohort of 2945 patients with RPS treated in France: this report 
showed that two-third of surgeries were performed outside the NETSARC net-
work (63.4% vs. 36.6%), in hospitals with a median number of surgeries of 1 
(versus 23 of the NETSARC centers) [13]. The network centers showed not 
only higher diagnostic performance and quality of surgery, but also better long-
term outcomes of patients with RPS (Fig. 8.4). In particular, the delta of 2-year 
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OS of patients treated inside NETSARC versus outside was 17% and the odds 
ratio of death was two-fold lower. The National Cancer Database, a collabora-
tive effort of the American Cancer Society and the American College of 
Surgeons, was also queried in order to explore the regionalization of RPS to 
high-volume centers. In the United States only 9.6% of patients undergo RPS 
surgery at high-volume sarcoma centers. When compared to pancreatic cancer 
surgery, the rate of RPS regionalization grew at 30.5% of the rate of pancreatic 
cancer, reinforcing the call to regionalize surgery [14]. Using the same data-
base, other authors showed that patients treated at low-volume hospitals were 
more likely to have lower grade and smaller tumors and undergo incomplete 
macroscopic resection. Differently, patients treated at high-volume centers had 
lower readmission rates, 30- and 90-day mortality, longer median OS and 
higher 5-year OS. However, the minimum procedural volume threshold is still 
not well defined. In detail, Keung et  al. found a significant improvement in 
long-term OS each increment of 5 new patients per year up to >10 (Fig. 8.5) 
[15]. In another report based on the same data set, in a risk-adjusted survival 
analysis, 13 cases/year was identified as the best threshold, after which the 
90-day mortality and the overall mortality did not improve further (Fig. 8.6) 
[16]. Of note, one of the major limitations of these two reports was that the 
threshold (>10 patients/year and ≥13 patients/year) was set above the 90th 
percentile. In other words, only 9.8% of the patients in the former and 4.4% of 
the patients in the latter were operated on in centers treating a number of new 
patients per year above the threshold. Therefore, it is not possible at this stage 
to define the real threshold above which there would be no further improve-
ment in OS [17]. However, the two studies are very important because they 
show that patients operated on at low-volume centers are at a higher risk of 
death. In addition, it is also worthy of note that direct expertise can in part be 
substituted by working in a network. Again, the French experience with 
NETSARC showed how performing surgery outside the NETSARC centers had 
a worse impact on survival, regardless of the number of cases (Fig.  8.7). In 
other words, while the optimal number of cases per center is still left to be 
understood, efforts should be made to centralize patients to networks of excel-
lence, in order to prevent patients being treated at hospitals performing a 
median of 1/2 cases/year. For the future, efforts should be made to better iden-
tify the threshold of new cases per year above which there will be no further 
improvement of OS, in order to establish guidelines for patient referral also 
within the networks.

Besides volume, criteria for defining referral centers include multidisciplinarity, 
availability of facilities needed to properly apply clinical practice guidelines, pro-
spective data collection, publication of outcomes, involvement in clinical and trans-
lational research, professional clinical and scientific education programs on the 
disease. The main medical societies have taken action in Europe and are presently 
lobbying the European Parliament as well as the governments of the different 
European countries to foster regionalization of sarcoma care.
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8.5	 �Network of Excellence

Indeed, sarcoma are rare cancers. Five-year survival is lower for rare cancers than 
common cancers (49% vs. 63%) due to the biology of the diseases, adequacies of 
diagnosis and treatment, scarcity of effective therapies, and insufficient evidence-
based treatment guidelines. In this context, it is necessary to invest on population-
based registries to estimate incidence and survival and to define reference centers or 
collaborative networks with very specific expertise on rare malignancies, leading 
the way of diagnosis and treatment. In Europe, the surveillance of rare cancers in 
Europe, the RARECARE project, provided data from European population-based 
cancer registries to measure for the first time the burden of rare cancers in Europe. 
In addition, the project Information Network on Rare Cancers (RARECAREnet) 
was designed to gather epidemiological information on rare cancers, to allow for 
indicators and time trends at the country level, and to evaluate the level of central-
ization in Europe. In a recent report from RARECAREnet significant progress was 
reported for STS, consisting of a 3% increase in 5-year survival from 1999–2001 to 
2007–2009, probably due to the recent trend toward centralization of sarcoma 
patients, who are more likely to benefit from a multidisciplinary approach in sar-
coma comprehensive centers. To ensure appropriate, timely and high-quality care, a 
quality management system must be in place in each sarcoma center or network. 
The quality management system must ensure continuity of care for patients, the 
involvement in cancer care pathways, and the reporting of patient outcomes and 
experience. Periodic audits within the center/network or at a national level are nec-
essary to review the past activity, discuss changes in protocols and procedures, and 
improve the performance of the unit/center. Among the European virtuous exam-
ples, we can find the National Institute of Health and Care Excellence (NICE) in 
England and Wales, and the abovementioned NETSARC. In detail, the NICE aims 
to ensure an appropriate multidisciplinary diagnostic and treatment pathway to sar-
coma patients. France has clinical and pathology networks (NETSARC and RRePS) 
that provide patients with a systematic diagnosis and help to access treatment in 
specialized centers.

In Italy, the Italian Rare Cancers Network (RTR, Rete Tumori Rari), including 
150 institutions, was established as a clinical collaborative effort to improve quality 
of care in adults with rare solid cancers. Moreover, it promotes collaborative clinical 
research by encouraging accrual into clinical trials and observational studies. In 
detail, clinical cases are shared within the RTR in order to rationalize access to dis-
tant referral centers and to minimize patient migration. A web resource is adopted 
to anonymously share the patients’ data and images. A teleradiology resource is 
available, while a pathology review is arranged through transfer of paraffin-
embedded specimens and upload of consultations. From 2000 to 2019, more than 
10,000 cases of sarcoma have been uploaded. Every year 800 consultations are 
delivered and 1000 sarcoma cases are reviewed pathologically, with the diagnosis 
being changed in 33% of them.
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8.6	 �Conclusions

In conclusion, the management of sarcomas is complex because of their biological 
diversity and the broad anatomical presentations. Specific expertise is required to 
improve outcomes and this mandates centralization in view of the rarity of the dis-
ease. Every effort should be made to foster the regionalization of sarcoma care and 
the implementation of networks to maximize the chance of cure. Besides the scien-
tific data and guidelines provided by the scientific community, patient associations 
and regulators should take action to minimize disparities at a country and European 
level and to increase the rate of patients initially treated at sarcoma referral centers. 
This will have a major impact not only on the outcome of the single patient but also 
on the cost-benefit ratio for the health systems, with an obvious benefit also for pay-
ers and care providers worldwide.
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9.1	 �Introduction

Breast cancer is the most common cancer amongst women in industrialized coun-
tries. In 2018 there were about 55,000 new cases in Italy alone, mainly in the North-
Center areas of the country. The probability of developing sporadic breast cancer 
(about 95% of all cases) is estimated at 12% (1 in 8 women), whereas in the case of 
hereditary/familial tumors caused by the mutation of the acknowledged BRCA 1 
and 2 genes the estimated probability is much higher, around 60%. The incidence of 
breast cancer is slightly increasing, while in the last decade there has been a decrease 
in mortality, estimated at around 0.4% per year. Today, breast cancer represents 
29% of all cancers and is the most frequently diagnosed malignancy in women, 
accounting for 41% of cancers in women aged 0–49, 35% in those aged 50–69 years, 
and 21% in women older than 70 years. Moreover, it is the leading cause of death in 
women in all age groups: 29% of deaths between 0 and 49 years, 23% between 50 
and 69  years and 16% among women over 70  years old. There are differences 
between macro-areas with a higher incidence in the North (123.4 cases per 100,000 
inhabitants) compared with Center (103.8 cases per 100,000 inhabitants) and the 
South and Islands (93.1 cases per 100,000 inhabitants), probably due to differences 
in access to mammography screening and to heterogeneity in the distribution of risk 
factors for malignant breast cancer (early menses, late menopause, absence of preg-
nancies and breastfeeding, use of hormone replacement therapy in menopause, diet, 
physical activity, smoking, alcohol consumption).
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9.2	 �Treatment of Breast Cancer: Endpoints and Outcomes

Mortality reduction is no doubt associated with an adequate diagnosis, treatment 
and follow-up, which can only be achieved through a correct diagnostic-therapeutic 
care pathway, possible within a breast unit, in which the management of the disease 
is based on the principle of multidisciplinarity.

In 2014, the Italian Permanent Conference for Relations between the State, the 
Regions and the Autonomous Provinces of Trento and Bolzano approved a docu-
ment of the Ministry of Health, setting out the criteria that such breast units had to 
meet [1]. These criteria are mainly based on the requirements already established by 
the European Society of Breast Cancer Specialists (EUSOMA), the most important 
European scientific society on breast cancer [2].

The EUSOMA requirements, in addition to the volume of cases treated, state that 
all cases should be discussed jointly by a multidisciplinary team that must include a 
radiologist, pathologist, surgeon, oncological radiotherapist, medical oncologist, 
and case-manager nurse, giving the care pathway multidisciplinary and multipro-
fessional significance (core team). In addition, these specialists should be dedicated 
to breast pathology, diagnostics and treatment, establishing for each a specific 
working time. This is because, while indispensable, the volume of cases treated is 
not sufficient; in fact, dedication to the pathology expands not only knowledge 
about one’s own discipline, but also about the others included in the core team, thus 
making it possible to decide on the most adequate diagnostic-therapeutic process 
for achieving a good final outcome. Other professionals must be occasionally added 
to the core team depending on the single case, such as plastic surgeons, nuclear 
radiologists, physical therapists and physiotherapists, psycho-oncologists, geneti-
cists, gynecologists and experts in fertility preservation. By treating breast cancer in 
such a multidisciplinary and multiprofessional setting, an improvement of about 
18% in overall survival could be achieved [3].

The volume of cases treated is directly proportional to the results obtained 
regarding both survival, as the primary endpoint, and quality of life of the patient. 
We refer in particular to the aesthetic result than can be achieved by a surgical team 
dedicated to conservative breast surgery, with the possibility to perform mastecto-
mies followed by immediate breast reconstruction, to utilize the most modern tech-
niques which preserve the skin mantle and based on current guidelines, the nipple 
(skin- and/or nipple-sparing mastectomies) and to reduce the number of reinterven-
tions for positive margins following conservative treatment, which obviously can 
have an extremely negative psychological impact on the patient, as well as signifi-
cantly increasing the cost of care (two admissions = two procedures).

The literature is rich in contributions that show how the volume of cases is 
directly correlated to the primary endpoint, which, as in any oncological pathology, 
is survival.

A recent survey [4] that used the American College of Surgeons Database on 
1,602,051 women treated surgically for breast cancer in the US, showed clearly how 
the volume of cases treated is directly correlated to survival. The examined sample 
was divided into patients treated at low-volume centers with less than 148 cases/
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year, intermediate-volume centers with between 149 and 298 cases/year and high-
volume centers with more than 298 cases/year. There were a total of 1277 hospitals 
that treated breast cancer, of which 1044 were low-volume, 181 intermediate and 52 
high-volume centers, with a mean number of cases treated per year of 52,194 and 
385, respectively. The univariate analysis showed a significantly higher overall sur-
vival in patients treated at a high-volume center rather than an intermediate- or a 
low-volume one at 5- and 10-year follow-up (91% vs. 90% vs. 87% at 5 years; 77% 
vs. 75% vs. 70% at 10 years). Multivariate analysis confirmed the survival benefit in 
high-volume centers with an 11% advantage over low-volume centers. It is interest-
ing to note that the greatest benefit was found among patients treated for ductal 
carcinoma in situ, which are notoriously the ones that require a more complex treat-
ment, from both a technical and a decisional point of view, in which the experience 
of a multidisciplinary team has a fundamental role.

Previous studies with smaller samples [5] stated that the relation between 
higher volume and better outcome was associated with the high level of clinical 
competence of all specialists involved and above all with their ability to manage 
adjuvant treatments (chemotherapy, hormonal therapy, and radiotherapy), a less 
frequent practice in the low-volume centers. In a series published in the Annals 
of Surgery [4], the treatment pathway taken, as in adjuvant or neo-adjuvant 
therapy, showed no impact on survival, while the volume of cases treated, at a 
level of both facility and number of procedures, was an independent and deci-
sive factor.

Scientific evidence to date has not identified precise minimum or maximum vol-
ume thresholds, but it is possible to establish an interval, below which the risk of 
worse outcome is increased. As established at a European level, only centers that 
treat at least 150 cases per year can be defined as “breast units”. Although the per-
formance of 150 interventions per year has been recognized as the minimum neces-
sary volume, there is still no agreement on the minimal volume per surgeon. As 
previously mentioned, EUSOMA has proposed as a threshold 50 breast cancer 
operations per year, while for the French National Institute of Cancer it should be 
30 procedures.

In a review published in the European Journal of Surgical Oncology in 2010 [6], 
it emerged from several studies that the relation between volume and outcome was 
dependent on the age and comorbidities of the patient; in an increasingly ageing 
population, often with other concomitant conditions, reduced autonomy and under 
important pharmacological therapies, treating elderly patients in low-volume cen-
ters, which are not equipped with specific treatment services (physical therapy, pain 
therapy, nutritional therapy, etc.) or intensive care units, was associated with an 
increase in morbidity and mortality due to short- and long-term complications, not 
seen in larger centers that provide such services.

The relation between volume and outcome in terms of survival would depend on 
the experience, standardization and homogeneity of the treatment offered by high-
volume centers, thus emphasizing the need to centralize breast cancer cases, regard-
less of age and comorbidities, in order to provide a survival advantage at any age or 
clinical condition.
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In 2012 the Emilia-Romagna Region carried out a study on around 6000 cases of 
operated patients, who showed a statistically higher survival when treated in dedi-
cated centers with at least 150 interventions per year. The survival curves showed a 
significantly lower delta in patients treated in centers performing less than 50 inter-
ventions per year.

The volume of activity not only has an impact on survival—and therefore the 
long-term expectations of the patients—but it is also decisive in the short-term, 
specifically for the need for reintervention. Despite the fact that in dedicated centers 
conservative surgery is more common than in low-volume ones, where destructive 
surgery is performed more often, there is an inversely proportional relation between 
volume of activity and the risk of reintervention because of positive margins. This 
aspect has been widely analyzed in the literature. In 2013 McDermott et al. carried 
out a study to evaluate the correlation between volume of activity per surgeon and 
performance indicators, such as the rate of conservative versus destructive interven-
tions, sentinel lymph node biopsy versus radical axillary lymph node dissection in 
patients with no clinical evidence of axillary involvement (cN0) and reinterventions 
for positive margins. The analysis of more than 80,000 cases showed that in dedi-
cated high-volume centers (defined as more than 50 interventions per year) there 
was a significant difference in the number of conservative interventions, reinterven-
tions and sentinel lymph node biopsies compared to centers with lower volumes. 
However, the authors concluded that such an advantage was not directly dependent 
on the single operator ability, but it was due to the role of the multidisciplinary dis-
cussion in the patient management. The early diagnosis by dedicated radiologists, 
the availability of highly specialized infrastructure, such as nuclear medicine, and 
dedicated pathologists, it was possible to perform more sentinel lymph node biop-
sies than immediate axillary lymph node dissections, conservative rather than 
destructive surgery and to avoid reintervention, as each case had been accurately 
studied preoperatively by a panel of experts [7].

In the surgical treatment of breast cancer, the aesthetic result is important and, if 
unsatisfactory, it may have a negative psychological effect on the patients. Using 
plastic surgery techniques is now essential in breast surgery to avoid or minimize 
the aesthetic impact after the partial removal of the gland, while maintaining onco-
logic radicality.

Oncoplastic surgery prevents breast deformities and is based on the integration 
of plastic surgery techniques for immediate reshaping after wide excision for breast 
cancer. There are two levels of oncoplastic surgery based on excision volume and 
the complexity of the reshaping technique. Level I is indicated for resections less 
than 20% of the breast volume and allows easy reshaping of the breast. Level II is 
for larger resections and a mammoplasty technique is required. A level I approach 
is based on recentralization of the nipple-areola complex, no skin excision is 
required, and the resulting glandular defect can usually be filled by advancement of 
adjacent tissue. Level II techniques are based on different mammoplasty techniques 
and allow greater volume resections, they involve extensive skin excision and breast 
reshaping. They result in a significantly smaller, rounder breast. The procedures are 
superior pedicle mammoplasty, inferior pedicle mammoplasty, round block 
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mammoplasty, inverted T or vertical-scar mammoplasty with nipple-areola com-
plex resection. Surgeons have to identify and choose the appropriate oncoplastic 
technique, based on excision volume, tumor location, and glandular density. This is 
only possible in dedicated centers, with a high volume of patients. By contrast, 
when a destructive intervention is required, reconstruction options through tissue 
expanders or implants or autologous tissue (pedunculated or free) when indicated, 
must be offered, and two surgical teams are required (plastic and general surgeons), 
with particular experience in microsurgery. These reconstructions require precise 
surgical indications (deep inferior epigastric perforator or free flap), and they have 
to be centralized into high-volume hospitals. The collaboration between oncologic 
and plastic surgeons, possible in high-volume centers, guarantees the use of the best 
and most up-to-date reconstruction techniques.

9.3	 �The Current Italian Situation

Analyzing the Italian data provided by the National Agency for Health Services 
(AGENAS, Agenzia Nazionale per i Servizi Sanitari) there is an improvement in 
breast reconstruction techniques. In fact, the proportion of reconstruction interven-
tions occurring during the same destructive intervention went from 35.5% in 2010 
to 50% in 2017, and even higher in 2018; the Italian average is 50% (https://www.
agenas.gov.it).

Despite the lack of studies evaluating the relation between the volume of cases 
and aesthetic results, an indirect assessment can be made by analyzing the rate of 
surgical complications (hemorrhage, infection, dehiscence) which is significantly 
lower in high-volume centers [8].

A survey published in 2016 [9] showed that, in a sample of 300 patients with 
primary breast cancer treated by conservative surgery, the most common and most 
dissatisfying problem was the dislocation of the nipple-areola complex, which is 
caused by a deficiency of skin and gland. The deformity appears much more evident 
in smaller breasts, in which the portion of the glandular tissue removed is greater 
than in breasts with medium or bigger volume. Thus, the preoperative multidisci-
plinary assessment, including the contribution of an expert plastic surgeon, is essen-
tial for a correct therapeutic strategy and a good aesthetic outcome [10]. Another 
study published in 2013 proved that patients treated in multidisciplinary centers and 
provided with detailed information about the expectations after surgery showed 
greater satisfaction about the final aesthetic result [11].

In Italy, the collaboration between health facilities, health professionals and the 
Ministry of Health has made it possible to implement a National Outcome Evaluation 
Program (PNE, Programma Nazionale Esiti), developed by AGENAS.  The PNE 
provides, at national level, comparative assessments of efficacy, safety, efficiency 
and quality of care produced within the health service. The indicators are discussed 
within the PNE Committee, composed of representatives of the Ministry of Health, 
Regions, Autonomous Provinces, and scientific institutions. The use of indicators 
for assessing the quality of oncology care must be considered an essential element 
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to verify the effective capacity of the system to better assist cancer patients and to 
re-orient and, if necessary, correct the dysfunctions detected in terms of profes-
sional skills, organization of services and their interconnections and interrelations 
(networks), development and innovation. The PNE is used to measure the quality of 
care provided in the various Italian hospitals and to analyze equity of access to 
adequate cancer care (volumes and mortality) and to some oncological surgeries 
(surgery for breast cancer and pancreas) by area of residence (commissioning func-
tion). In addition to being an indicator of the quality of assistance, activity volumes 
can be used to verify the structure and distribution of the hospital care offer and to 
guide the reorganization of care networks, including oncological networks.

The decision as to which volume threshold to use as a reference must be based 
on criteria that depend on the context and sustainability of the results deriving from 
these choices. An excessive fragmentation of activities reduces the quality of care 
outcomes and causes a possible waste of resources, while an excessive concentra-
tion leads to the hypertrophy of few facilities, with negative consequences on the 
accessibility of services, possible diseconomies of scale and marginal benefits in 
terms of quality assistance.

The PNE contains about 170 outcome indicators, of which 34 belong to the 
oncology area and are focused on surgical procedures and activity volumes and, at 
regional or provincial level, further reference thresholds have been proposed for a 
greater number of oncological conditions.

In the light of this qualitative reference in healthcare, the Ministry of Health’s 
Decree of April 2, 2015, defining “the qualitative, structural, technological and 
quantitative standards for hospital care” [12], highlighted the relationship observed 
between volumes of activity, treatment outcomes and specific number of facilities 
for each value; this makes it possible to carry out impact assessments for the choice 
of volume thresholds and outcome thresholds.

The identified thresholds apply to all public and private accredited entities. In the 
meanings of these definitions, also of a qualitative nature, taking into account also 
the aspects related to the efficiency in the use of the facilities, the following mini-
mum thresholds of volume of activity are defined as valid in breast surgery: 150 
annual interventions on breast cancer cases for a complex facility.

In the various hospital structures it is therefore indispensable to provide network 
training mechanisms that enhance the learning opportunities and the acquisition of 
the competences present in the various nodes of the system, so as to avoid a progres-
sive impoverishment of the professionals who work in the operating units that attend 
a series of lesser complexity.

The impact of the work of both the PNE, AGENAS and the scientific community 
that in Italy revolves around the issue of breast cancer (Associazione Senonetwork 
Italia, www.senonetwork.it) has changed the healthcare offer for this pathology. The 
data collected in an investigation of a Commission of the Italian Senate on various 
diseases, including breast cancer, published in 2011, photographed a reality of 
Italian hospitals in which the percentage of cases treated in centers with volumes 
greater than 150 was 12% [13]. The data currently published by AGENAS relating 
to the treatment of breast cancer in Italian health facilities in 2017 showed a 
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percentage of over 70% of cases treated in centers with volumes greater than 135 
cases (https://pne.agenas.it).

Central to the awareness of the population and the attention of women with 
breast cancer to addressing dedicated facilities has been the constant and wide-
spread work of the women’s associations, in particular Europa Donna, a social pro-
motion association whose objective is to effectively respond to needs and rights of 
women with breast cancer, presenting themselves as the main movement of opinion 
on the subject.

Continuing to analyze the PNE/AGENAS data (https://pne.agenas.it), the pro-
portion of new resection interventions within 120 days of conservative intervention 
for malignant breast cancer has improved over time, going from 12.3% in 2010 to 
7.4% in 2017 and decreasing even in the last year of measurement. Analyzing the 
specific Region by Region data for 2017 reported by AGENAS, there is an increase 
in admissions to dedicated facilities in the same region (Table 9.1), thanks to breast 
units that on a local voluntary basis have developed a specific and multidisciplinary 
breast care offer.

It is therefore necessary both in terms of increased survival and in terms of rein-
tervention and aesthetic results to centralize patients suffering from breast cancer to 
high-volume centers, where they can be treated by multidisciplinary and dedi-
cated team.

Table 9.1  Admissions of patients of Italian Regions for breast cancer surgery (year 2017)

Region (or autonomous province) Total admissions

Of which in structures of
The same Region 
(%)

Other Regions 
(%)

Piedmont 4323 87.4 12.6
Valle d’Aosta 118 92.5 7.5
Liguria 1528 82.2 17.8
Lombardy 14,545 98.9 1.1
Bolzano 465 94.6 5.4
Trento 492 88.7 11.3
Veneto 5257 93.1 6.9
Friuli Venezia Giulia 1974 97.7 2.3
Emilia-Romagna 5400 92.4 7.6
Marche 1683 86.0 14.0
Tuscany 4170 94.0 6.0
Umbria 1069 88.4 11.6
Lazio 6218 95.3 4.7
Abruzzo 1194 86.5 13.5
Molise 210 88.5 11.5
Campania 3920 88.4 11.6
Puglia 2926 85.0 15.0
Basilicata 402 70.6 29.4
Calabria 820 55.2 44.8
Sicily 3569 87.9 12.1
Sardinia 1396 83.5 16.5

Data from: AGENAS—Programma Nazionale Esiti (https://pne.agenas.it)
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10.1	 �Introduction

Forty years ago, Luft et al. [1, 2] examined the relationship between volume and 
outcomes in surgery and questioned whether surgical care should be regionalized to 
optimize outcomes. Looking at 12 different procedures of varying complexity at 
1498 hospitals, they found major differences in selected procedures. Indeed, in spe-
cific surgical operations, mortality rates were significantly lower in high-volume 
centers, while others showed no association between hospital volume and outcomes. 
These data sparked significant interest, and numerous studies have evaluated this 
phenomenon over the last four decades. Many studies show that patient mortality 
decreases and patient outcomes improve when complex operations are performed at 
high-volume centers [1–5]. This is true for many surgical procedures, and there is 
no doubt that it is related to multiple factors, including several independent of the 
surgeon [3–5]. This is exemplified by high-risk surgeries requiring a complex peri-
operative management, for instance surgical treatment of pancreas, lung, esopha-
gus, or colon cancers. High-volume centers tend to be larger and likely have 
advanced resources, which include an array of specialists, advanced intensive care 
units, specialized surgical and anesthesia teams, sophisticated blood banks, and the 
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capacity to accommodate the most complex comorbid conditions [5–7]. More com-
monly performed procedures requiring a less complex perioperative management, 
including vagotomy and cholecystectomy, did not show a relationship between hos-
pital volume and patient outcomes [2].

However, several studies have shown that morbidity and mortality are decreased 
when the surgical providers have high operative volumes, regardless of the volume 
of the center [6, 8, 9]. While intuitively logical, it has only recently been shown that 
increased surgical volume improves outcomes [6, 8, 9]. This has contributed to sur-
gical subspecialization, with the expectation that surgeons performing fewer types 
of procedures at higher volumes develop advanced techniques, improved judgment, 
and, therefore, enhanced outcomes. Within endocrine surgery, a subspecialty of 
general surgery, thyroidectomy, parathyroidectomy, and adrenalectomy are cited as 
procedures where surgeon experience appears to affect outcomes [10–14].

In the present chapter, we will summarize the literature about the correlation 
between surgical outcomes and volumes of centers and surgeons, in endocrine sur-
gery. It is important to specify that, considering the rarity of the endocrine oncologi-
cal disease, mainly with regard to adrenal, parathyroid and gastroenteropancreatic 
tumors, the reported clinical series are very limited and heterogeneous and the exist-
ing literature mostly refers to benign disease. As thyroid cancers have a higher inci-
dence, some of the mentioned studies will comprise several reports specifically 
dealing with volumes and outcomes in thyroid carcinomas.

10.2	 �Thyroid Surgery

A number of studies published over the past 20  years have shown that thyroid 
surgery-specific complications (i.e., hypocalcemia, recurrent laryngeal nerve palsy, 
and postoperative hematoma) as well as length of stay and general postoperative 
complications are improved with increasing surgeon caseload [15–23]. However, 
although the relationship between surgeon volume and outcome is established, there 
is no accepted threshold to define a ‘high-volume’ surgeon, nor a method to deter-
mine its value [9]. Consequently, the volume-outcome thyroid studies each have 
different definitions of high-volume surgery [11].

Furthermore, in various countries, including Switzerland and Austria, numerous 
thyroid surgeries are performed in hospitals with a low annual number of opera-
tions: in 2016, 48.6% of the hospitals providing thyroid surgery performed between 
1 and 30 thyroidectomies [12]. To provide the same perioperative management stan-
dards in all hospitals, and to maintain lower complication rates in thyroid surgery, 
different consensus guidelines have been written by independent professional scien-
tific organizations worldwide [14, 24–31].

For instance, in 1998 Sosa et al. [15] published a statewide cross-sectional analy-
sis including 5860 patients. Individual surgeons were categorized according to the 
total 6-year volume (1–9, 10–29, 30–100, and >100 thyroidectomies). Similarly, 
total hospital volume was grouped in four categories (1–99, 100–199, 200–300, 
>300). Results showed that the highest-volume surgeons had the shortest length of 
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stay and the lowest complication rate, while hospital volume had no consistent asso-
ciation with outcomes.

However, these results were refuted in 2000, when Thomusch et al. [32] reported 
a prospective multicentric study including 7266 patients who underwent thyroid 
resection for benign diseases over a 1-year period (1998). Surgeons were now cat-
egorized according to their experience (trainee vs. specialist), while hospitals were 
categorized as low-, intermediate- and high-volume (<50, 50–150 and >150 proce-
dures, respectively). Initially, no significant difference was found among hospital 
groups regarding post-thyroidectomy morbidity and mortality rates. In the logistic 
regression analyses for transient and permanent hypoparathyroidism, though, extent 
of resection (RR 1.5–1.8), recurrent goiter (RR 1.8–1.9), Graves’ disease (RR 2.8), 
operative volumes of hospitals (RR 0.8–1.5), and patient gender (RR 2.1–2.3) were 
significant risk factors.

Furthermore, in 2008 Mitchell et al. [33] published a single-institution retrospec-
tive analysis on 335 thyroid and parathyroid reoperations. This time it was proved 
that many thyroid and parathyroid reoperations were avoidable, and that the major-
ity of them were needed after the first surgery had been performed at low-volume 
centers [33]. Thus, in addition to decreased complication rates, thyroid and parathy-
roid surgery performed at high-volume centers would reduce the indication to reop-
erative surgery for inadequate initial surgical resection.

Studying again the relation with both surgical and center volumes, in 2010 
Gourin et  al. [17] reported a statewide cross-sectional analysis including 21,270 
patients; individual surgeons were categorized according to the annual volume in 
low-, intermediate- and high-volume (≤3, 4–24, >24 thyroidectomies/year). 
Similarly, hospital volume was divided into three categories (≤22, 23–100, >100). 
Multiple logistic regression analyses of variables associated with thyroid surgery-
specific complications revealed no association with hospital volume. On the con-
trary, an association with surgeon volume was shown, since high-volume surgeons 
had a lower incidence of laryngeal nerve injury (OR 0.46, p < 0.01) and hypocalce-
mia (OR 0.49, p < 0.01), coherently with the first studies.

Another fascinating insight was given by Duclos et al. [34] in 2012, when they 
reported a prospective cross-sectional multicentric study from five academic French 
hospitals, which included 28 surgeons and 3574 thyroid procedures. This time, the 
study showed that a 20-year practice was associated with an increased probability 
of both recurrent laryngeal nerve palsy (OR 3.06, CI 1.07–8.80, p = 0.04) and per-
manent hypoparathyroidism (OR 7.56, CI 1.79–31.99), p = 0.01). Interestingly, it 
was shown that surgeons’ performance has a concave association with their length 
of experience (p = 0.036) and age (p = 0.035); surgeons aged 35–50 years had better 
outcomes than their younger and older colleagues did.

In 2013 Loyo et  al. [19] released a nationwide cross-sectional analysis 
(Nationwide Inpatient Sample) including 871,644 patients. Individual surgeons 
were categorized according to their annual volume into very low-, low-, intermedi-
ate-, and high-volume (≤3, 4–9, 9–23 and >24 thyroidectomies/year). Similarly, 
hospital volume was categorized into four categories (≤25, 26–42, 43–76 and >76). 
Multiple logistic regression analysis of variables associated with thyroid 
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surgery-specific complications demonstrated that recurrent laryngeal nerve palsy 
and hypocalcemia were significantly less likely for high-volume surgeons (OR 0.71, 
CI 0.53–0.95, p = 0.24 and OR 0.7, CI 0.57–0.88, p = 0.002, respectively). Once 
again, after having adjusted for surgeon volume, hospital volume was not associated 
with complication rate.

In 2013 González-Sánchez et al. [35] published a single-institution prospective 
cohort study including 225 patients and 8 surgeons (two endocrine surgery special-
ists with a caseload >40 procedures/year, and 6 non-endocrine specialized general 
surgeons with a caseload <5 procedures/year). This time, with surgeons categorized 
based on their specialization, it was shown that permanent recurrent laryngeal nerve 
palsy and hypocalcemia were significantly reduced for specialized high-volume 
surgeons (1/325 vs. 2/46, p = 0.04, and 3/130 vs. 3/16, p = 0.028, respectively).

Again, in 2013, Kandil et al. [18] reported a nationwide cross-sectional analysis 
(Health Care Utilization Project National Inpatient Sample [HCUP-NIS] data sets) 
including 46,261 patients. Individual surgeons were once again categorized accord-
ing to the volume of procedures performed over the 10-year study period (low-, 
intermediate- and high-volume: <10, 10–99, ≥100 procedures, respectively). High-
volume hospitals were instead defined as those above the 75th percentile regarding 
yearly caseload. Yet another time, it was proved that high-volume surgeons had a 
significantly lower rate of complications, while hospital volume had an inconsistent 
and marginal protective effect on postoperative outcomes.

Subsequently, in 2016, Al-Qurayshi et  al. [36] presented a nationwide cross-
sectional analysis using the National Inpatient Sample data-sets, including 77,863 
patients. Surgeons were categorized based on their annual caseload (low-, interme-
diate- and high-volume: 1–3, 4–29, ≥30 thyroidectomies/year, respectively). 
Consistently with the previously quoted results, procedures performed by low-
volume surgeons were associated with a higher risk of postoperative complications 
compared with those performed by high-volume surgeons (15.8% vs. 7.7%, OR 
1.55, CI 1.19–2.03, p = 0.01).

One could thus conclude that surgeon’s expertise (measured by surgical volume 
of procedures per year) is associated with favorable clinical as well as financial 
outcomes.

A further analysis was provided by Meltzer et al. [37], in 2016: they reported on 
a nationwide cohort study including 4909 patients who underwent total thyroidec-
tomy between 2008 and 2013. Propensity-score matching was used for patients of 
low- (<20 thyroidectomies per year) and high-volume surgeons (>40 thyroidecto-
mies per year). Results showed that high-volume surgeons had shorter operative 
times (2.4 vs. 3.0 h, p < 0.05), shorter lengths of stay (29.9 vs. 39.8 h, p < 0.05), and 
lower rate of all surgery-related complications (5.7% vs. 7.5%, p < 0.05), 30-day 
rates of hypocalcemia (4.9% vs. 7.0%, p < 0.05), and surgical site infection (0.3% 
vs. 1.0%, p < 0.05).

Liang et al. [38], in 2016, reported a nationwide cross-sectional analysis of data 
of 125,037 patients obtained by the Taiwan Bureau of National Health Insurance 
and systematic review and metanalysis of the literature. Surgeons were categorized 
into low- and high-volume (1–70 and >70 thyroidectomies/year, respectively), and 
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hospitals were classified accordingly (1–200 and >200 thyroidectomies/year, 
respectively). The results showed that patients who underwent thyroidectomies per-
formed by high-volume hospitals and surgeons had shorter length of stay and lower 
costs compared with those treated by low-volume hospitals and surgeons, coher-
ently with the previously quoted study.

In 2016, Youngwirth et al. [39] proved an additional point by publishing an anal-
ysis of 31,129 patients with papillary thyroid cancer who had undergone total thy-
roidectomy obtained by querying the National Cancer Data Base (patients operated 
upon during the 1998–2006 period). The objective of the study was to determine the 
role of positive margins on these patients’ survival. Patients were divided into three 
groups based on margin status (negative, microscopically positive, and macroscopi-
cally positive), and then a Cox proportional hazards model was developed to iden-
tify factors associated with survival. Of the 31,129 patients enrolled, 91.3% had 
negative margins, 8.1% had microscopically positive margins, and 0.6% had macro-
scopically positive margins. After multivariable adjustment, the findings showed 
that increasing patient age (OR 1.02, p < 0.01), government insurance (OR 1.20, 
p < 0.01), and no insurance (OR 1.34, p = 0.01) were associated with positive mar-
gins and thus with a compromised survival. Instead, this time reception of surgery 
at a high-volume facility (OR 0.72, p < 0.01) was protective; in conclusion, it was 
even shown that high-risk thyroid cancer patients should be referred to high-volume 
centers to optimize outcomes.

In 2017 Adam et al. [23] presented a nationwide cross-sectional analysis (Health 
Care Utilization Project-National Inpatient Sample [HCUP-NIS] data-sets) includ-
ing 16,954 patients. Surgeons were categorized into low-volume (≤25 procedures/
year) and high-volume (>25 procedures/year). Yet another time, patients undergo-
ing thyroidectomy were more likely to have any complications (OR 1.52, CI 
1.16–1.97, p = 0.002) and a longer hospital stay (+12%, p = 0.006) when the opera-
tion was performed by a low-volume surgeon.

Likewise, the nationwide cross-sectional analysis published in 2017 by Nouraei 
et  al. [22] showed the superiority of high-volume surgeons: by using record of 
72,594 patients obtained from the Hospital Episode Statistics (HES) data-set, the 
authors demonstrated that high-volume surgeons achieve lower complication rates, 
including lower vocal palsy rates, and length of stay.

Another nationwide cross-sectional analysis was published in 2019 by Aspinall 
et al. [11], who used records of 25,038 patients obtained from the United Kingdom 
Registry of Endocrine and Thyroid Surgery (UKRETS). In their study, age, retroster-
nal goiter, routine laryngoscopy, re-operation, nodal dissection, bilateral thyroidec-
tomy, recurrent laryngeal nerve monitoring, and surgeon volume were significantly 
associated with recurrent laryngeal nerve palsy. Instead, postoperative hematoma 
showed no significant correlation to surgeon volume. However, categorization of 
annual rates showed that permanent hypoparathyroidism and recurrent laryngeal 
nerve palsy rates declined in surgeons performing >50 cases/year to a minimum of 
3% and 2.6% respectively, in the highest volume annual rate group (>100 cases/
year). Once again, the authors concluded that surgeon annual operative volume is a 
factor in determining outcomes in thyroid surgery.
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Finally, very interesting is the multicenter electronic survey published in 2019 by 
Jakob et al. [12], who investigated how the departments’ annual number of thyroid 
surgeries correlates with adherence to consensus guidelines and implementation of 
measures for quality assurance. Patient management corresponded to the summa-
rized recommendations in 64.0% of cases. Also intriguing is that adherence to the 
recommendations and implementation of measures for quality assurance were sig-
nificantly more likely to occur with increasing numbers of surgeries performed 
(p = 0.049 and p < 0.001), all consistent with the majority of studies on this topic. 
Ninety-two departments provided thyroid cancer surgery, whereas 12/92 (13.0%) 
were not able to perform central and/or lateral neck dissection. The authors con-
cluded that, while consensus guidelines are insufficiently implemented in thyroid 
surgery, quality management is associated with surgical volume.

10.3	 �Parathyroid Surgery

Since the 1980s, when Per-Ola Granberg and the Stockholm Endocrine Surgery 
group, together with the Nordic Surgical Association, described the role of sur-
geons’ experience in the outcome of parathyroid surgery, several studies have high-
lighted this topic [10] and four studies have looked at a direct comparison between 
surgeon volume and parathyroidectomy outcomes.

Among these studies, there is the one by Stavrakis et al. [8], who evaluated the 
effect of surgeon volume on clinical and economic outcomes for thyroid, parathy-
roid and adrenal surgery using cross-sectional hospital data from both inpatient and 
outpatient surgeries in New York and Florida for a single year. They created six 
surgeon volume groups with a roughly equal distribution of cases, including those 
who performed 1–3, 4–8, 9–19, 20–50, 51–99, and ≥100 cases per year. It is to be 
noted that these numbers represent endocrine cases and not specifically parathyroid 
ones, but the parathyroid-specific data can be extrapolated. In total, 3412 parathy-
roid cases were performed in the study period, and they were more likely to be 
performed by high-volume surgeons. The overall complication rates were inversely 
related to volume, with complication rates—from lowest to highest surgeon volume 
groups—being 9.13%, 4.35%, 3.51%, 2.22%, 2.43% and 0.44%, respectively. 
Simply stated, the highest volume surgeons had the lowest complication rates. They 
also demonstrated a significant observed-to-expected complication ratio for both 
the lowest- and the highest-volume surgeons. Those who performed 1–3 endocrine 
cases per year had an observed-to-expected complication rate ratio of 1.82; on the 
other hand, those who performed 100 or more endocrine cases per year had an 
observed-to-expected complication rate ratio of 0.25 (both rate ratios referring to 
parathyroid cases).

Neychev et al. [40] evaluated the outcomes of four parathyroid surgeons practic-
ing at a community hospital who were compared to an expert endocrine surgeon 
from a high-volume academic center; the study set out to assess whether a surgeon’s 
operative volume is the most important factor affecting rates of cure and complica-
tions in parathyroid surgery. They evaluated patients undergoing an initial operation 
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for primary hyperparathyroidism (PHPT) over a 12-year period at a community 
hospital, and over a 3-year period at an academic institution. The surgeons at the 
community hospital had an annual parathyroid procedure volume of 17 ± 8 cases, 
while at the academic institution the volume was 73 ± 26 cases. The findings showed 
that the rates of cure were 97% and 99%, respectively; in the community hospital 
group, 6 out of 204 (2.9%) patients required a second operation for persistent hyper-
parathyroidism, compared with 2 out of 218 (0.9%) patients in the academic hospi-
tal group. Importantly, although there was a notable difference in the operative 
volumes between the two groups, both were considered experienced parathyroid 
surgeons and had high cure rates with minimal complications. The authors thus 
concluded that some of the magnitude of case volume difference was due to a refer-
ral pattern toward the high-volume center, but also that experienced surgeons 
achieve excellent results in either setting, supporting the premise that surgeon vol-
ume outweighs hospital volume when analyzing parathyroid surgery outcomes.

Also the study by Meltzer et al. [41] had the same purpose. They compared a 
population of 2080 unique patients with a single parathyroid surgery performed 
over a 6-year period by surgeons who performed either 20 or less, or more than 40 
parathyroid operations per year. They matched the cases to reach 547 matched pairs 
between the two groups. Interestingly, their study revealed excellent outcomes in 
parathyroid surgery without significant differences between the two groups. The 
overall complication rates were comparable, although slightly higher in the low-
volume surgeon group (10.8% compared to 9.3%); rates of hypocalcemia were 
insignificantly higher in the high-volume surgeon group, at 1.6% compared to 1.3%. 
The only complication reaching statistical significance was vocal cord paralysis, 
which occurred at a rate of 1.6% in the low-volume group, compared to 0.2% in the 
high-volume group, but the high-volume surgeon group was also more likely to 
perform an outpatient procedure, 59.6% of cases, compared to 34.1%.

Also Sosa et al. [42] reported on outcomes in relation to surgeon volume, but 
their study was based on self-reported data from a survey of North American mem-
bers of the American Association of Endocrine Surgeons. They demonstrated a sig-
nificant variation in physician decision-making for the surgical management of 
PHPT based on surgeons’ annual caseload. The surgical outcomes varied as well, 
both based on annual caseload, and when adjusted for years since training was com-
pleted. In general, though, regardless of years since completion of training, there 
was a significant difference in the complication rates after primary or remedial para-
thyroid surgery for those who perform less than 15 cases compared to those who 
perform 50 or more cases per year. While the reported complication rates were also 
higher for the intermediate group of 15–49 cases per year, neither adjusted nor 
unadjusted rates reached statistical significance. On the contrary, as for in-hospital 
postoperative mortality, the unadjusted rates were statistically significant for both 
the low- and intermediate-volume groups (at 1% and 0.73%, respectively), when 
compared to the high-volume group at 0.04%, although the adjusted rate differences 
were not significant.

The work by Dhillon et al. [43] is unique in their exploration of surgeon volume 
and outcomes. Indeed, although the only outcome described is vocal fold paresis, 
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this study evaluated a single surgeon, and then stratified risk over the course of years 
of practice. For parathyroid cases alone, the rate of injury was very low, with only 
one injury in the total 374 cases performed over the study period, for an injury rate 
of 0.3%. Looking at the cases overall, they managed to show the impact of years of 
practice on a single surgeon’s cumulative operative experience. While this stratifica-
tion did not separate out parathyroid cases, it did show a change in the rate of injury 
as a function of years of practice: if the overall mean was 2.9%, the lowest nerve 
injury rate was observed during the final 2 years of the study, at 1.1%.

Further insights were provided in 2002, when Udelsman [44] published his series 
of 656 consecutive parathyroidectomies performed for PHPT over an 11-year 
period, inclusive of initial and reoperative cases. The complication rate was 2.3% 
(15 cases) including four recurrent laryngeal nerve injuries, of which two were in 
reoperative cases, two postoperative neck hematomas (of which one patient was on 
chronic anticoagulation), and two cases of postoperative hypocalcemia; moreover, 
in this series, three patients (0.5%) developed recurrent disease, of which two were 
reoperative cases. Additionally, this series demonstrated a clear financial benefit of 
minimally invasive parathyroidectomy when compared to conventional exploration. 
Operative time, anesthesia time, and hospital length of stay were all decreased in the 
minimally invasive compared with the conventional group, and each of these mea-
sures were associated with cost savings.

Expanding these data, in 2011 Udelsman et al. [45] reported 1650 consecutive 
parathyroidectomies performed by a single high-volume surgeon over a 19-year 
period. While the goal of the publication was to compare minimally invasive and 
conventional parathyroidectomy, it highlighted the parathyroid surgical outcomes 
for a single high-volume surgeon. It showed, indeed, an overall 98.5% cure rate 
including both conventional and focused interventions, with initial and remedial 
cases. The rate of complications was 2.1% overall, with the rate of recurrent laryn-
geal nerve injury, neck hematoma, and postoperative hypocalcemia each below 1%. 
Separating complications by initial surgical intervention and reoperative surgery, 
the complication rates were 1.8% and 3.8%, respectively, consistent with other stud-
ies showing higher complication rates in reoperative surgery. This series also dem-
onstrated decreased costs in parathyroid surgery when resources exist for a focused 
approach. In the minimally invasive subgroup, indeed, the mean length of stay was 
0.2 days with a median of 0 days, as 85% had outpatient surgery; in the conventional 
group, on the other hand, the mean length of stay was 1.3 days.

Reoperative parathyroid surgery has been evaluated independently in several 
series; some examples will follow.

Shen et al. [46] published a series of 102 patients who underwent reoperative 
parathyroidectomy for persistent or recurrent disease during a 10-year period. 
Remedial surgery proved curative in 95% of the cases, but one patient had perma-
nent postoperative hypocalcemia after surgery, and one had permanent vocal cord 
paralysis.

Following the same line, Jaskowiak et al. [47] published a prospective study on 
288 consecutive patients referred to the National Institutes of Health over a 13-year 
period, after at least one previous neck exploration for PHPT at another institution. 
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After excluding 66 patients due to a diagnosis of parathyroid cancer, multiple endo-
crine neoplasia type 1 or non-familial multigland hyperplasia, they analyzed the 
remaining 222 patients believed to have single gland disease; of these, 5% had three 
or more previous explorations, 17% had two previous exploration, and 78% had one 
previous exploration. The majority (92%) had one or more previous failed opera-
tions, whereas 8% were initially cured, but developed recurrent disease six or more 
months after surgery. Similar to the aforementioned study by Shen et al., the reop-
erative success rate was 94.1%, with 209 patients having a single successful explo-
ration. Of the 13 operative failures, six underwent a second remedial operation 
during the study and were cured. The complications included six temporary and 
three permanent recurrent laryngeal nerve injuries, one permanent marginal man-
dibular nerve injury, three bleeds that required transfusion but not reoperation, and 
61 cases of severe postoperative hypocalcemia. Of these 61 hypocalcemia cases, 
seven needed intravenous calcium, 42 required vitamin D supplementation, and 12 
necessitated a delayed parathyroid autograft from cryopreserved tissue, though the 
autograft function was not reported.

Dealing specifically with reoperations, in 2006 Udelsman et  al. [48] reported 
outcomes in 130 consecutive reoperative parathyroidectomies in 128 patients over a 
15-year period. These patients included those with persistent PHPT after a failed 
exploration, recurrent PHPT, or newly developed PHPT in the setting of previous 
neck exploration—such as thyroidectomy—and was inclusive of patients with para-
thyroid carcinoma, multigland parathyroid hyperplasia, and familial hyperparathy-
roid syndromes. Even though the previous interventions varied, 13 had undergone 
two or more previous parathyroid explorations. In this series, the overall cure rate 
was 95%, thus in keeping with the previously mentioned studies; this rate is lower 
than that obtained with the initial procedures performed in the same period (i.e., 
98%). There were seven cases in six patients who failed to achieve cure during 
remedial exploration (5%). Of these, four had multigland disease, one in the setting 
of multiple endocrine neoplasia 2A with previous total thyroidectomy, and one 
patient had a supernumerary gland (such cases had been excluded in the analysis by 
Jaskowiak et al. [47]). There were also four complications: three recurrent laryngeal 
nerve injuries and one mild stroke.

Interestingly, and providing a different kind of study sample, Tuggle et al. [49] 
evaluated pediatric surgical outcomes. High-volume surgeons were defined as those 
who performed over 30 annual cervical endocrine cases and averaged 72 per year. 
When compared with pediatric and other surgeons performing the same cases on the 
same patient subgroup, and without overlap, the high-volume surgeons had an over-
all complication rate of 8.7% compared to 13.4% and 13.2%, respectively, and an 
endocrine-specific complication rate of 5.6% compared to 11.0% and 9.5%, 
respectively.

Regarding parathyroid surgery, four studies [8, 37, 40, 42] offered a direct com-
parison between surgeon volume and outcomes, but they differed significantly in 
surgeon volume stratification. Indeed, though they demonstrated improved out-
comes with increased surgeon volume, there was no clear volume threshold 
elucidated.
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Self-reported survey data can be extrapolated to support the view that the ideal 
parathyroid surgeon is one who performs 50 or more cases per year [42]. However, 
most of the endpoints did not reach statistical significance for the intermediate 
group, and those who perform 15 or more cases per year have results comparable to 
those performing 50 or more. This suggests that surgeons who perform between one 
to two cases a month and those who perform one or more cases per week approach 
equivalency in outcomes.

In this regard, Stavrakis et al. [8] analyzed results of parathyroid surgery based 
on surgeon volume. The highest-volume surgeons, here defined as those performing 
over 100 endocrine cases per year, had a better outcome profile when compared to 
any of the lower-volume groups. On close analysis, however, this simplicity is 
blurred by the fact that the complication rates were similar for those performing 
20–50 and 51–99 endocrine cases per year, and they were actually higher for those 
in the 51–99 case group. Thus, this report suggests that a surgeon volume of 100 or 
more annual cases is ideal, but one of 20 cases or more could be sufficient.

Similarly, Neychev et al. [40] examined surgeons performing around 17 versus 
73 parathyroid cases a year and concluded that results were adequate in both groups, 
although there was a slightly higher failure rate in the lower volume group. Yet 
another time, this leans toward the determination that an annual parathyroid volume 
of 15–20 cases is sufficient.

Perhaps the most revealing information regarding outcomes in parathyroid sur-
gery comes from the published individual series. These are greatly skewed towards 
high-volume parathyroid surgeons, and yet, even in these series, the volume of para-
thyroid surgery varies greatly, all with excellent results. Averaging volumes, rates 
vary from 23 to 87 parathyroid cases per year, with approximately 10 reoperative 
cases per year. As these publications cite data from some of the most experienced 
parathyroid surgeons, one could argue these are the ideal values; however, the vol-
umes vary widely, and it may be unreasonable to impose these volume suggestions 
upon the majority of surgeons performing parathyroid surgery. In conclusion, the 
issue is that there is a paucity of data, and there are few publications demonstrating 
a consensus on the threshold case volume required to be an ideal parathyroid sur-
geon [10, 14].

10.4	 �Adrenal Surgery

The majority of adrenalectomies in the United States are performed by surgeons 
who do just one adrenalectomy per year [50, 51]. Several studies have sought to 
determine the association between operative volume and patient outcomes in adre-
nal surgery, but, given the overall rarity of adrenalectomies, most studies conducted 
in the United States are based on retrospective studies using state- and national-level 
databases. Most of these studies examine a few outcomes of interest, often includ-
ing occurrence of ≥1 complications, length of stay, and cost of hospitalization. 
Initial studies of a volume-outcome relationship for adrenalectomy revealed con-
flicting results.
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One of the first analyses to examine the volume-outcome association in adrenal 
surgery was the study conducted by Stavrakis et al. [8] on endocrine surgical proce-
dures (thyroidectomy, parathyroidectomy, and adrenalectomy) based on data culled 
from New York and Florida state databases. The authors grouped surgeons into 1 of 
6 groups based on their cumulative volume of endocrine-specific procedures per-
formed during 2002: group A, 1–3 operations annually; B, 4–8; C, 9–19; D, 20–50; 
E, 51–99; F, ≥100. When the outcomes of patients who underwent adrenalectomy 
were examined, the study found no association between surgeon volume and com-
plication rates (observed-to-expected ratios: 1.04, 0.84, 1.00, 1.67, 0.00, 0.83 for 
groups A to F, respectively, p > 0.05). Interestingly, though, each unit increase in 
surgeon volume was associated with a 0.28-day decrease in hospital length of stay 
(p < 0.001), and with a decrease in cost equal to $1472 (p < 0.01). However, the 
study had some key limitations: first of all, surgeon volume was cumulative for all 
endocrine procedures, and thus not restricted to adrenalectomy; data were derived 
from just two US states, limiting generalizability; and the study did not examine 
surgical approach (open vs. laparoscopic). Furthermore, the study did not adjust for 
hospital characteristics, such as teaching status and location (rural versus urban), 
which might influence patient outcomes.

Some of these limitations were overcome by another study by Gallagher et al. 
[52], also published in 2007: in this paper, they retrospectively analyzed hospital 
discharges from a database maintained by the Florida Agency for Health Care 
Administration, for 1816 patients who underwent adrenalectomy in the 1998–2005 
period. Surgeons were assigned to one of four quartile groups based on their annual 
volume of adrenalectomies (1, 2, 3–6, ≥7 adrenalectomies/year). Again, no associa-
tion was found between surgeon volume and postoperative complication rates (20%, 
14%, 20%, 46%, for the successive surgeon volume groups, p = 0.871), but there 
was a lower mean hospital stay with increasing surgeon volume (7, 6, 7, and 5 days, 
respectively, p < 0.001).

However, both these inaugural studies likely lacked generalizability, since data 
were derived from only one or two states.

This situation was to be changed in 2009, thanks to a study by Park et al. [50], 
who examined a total of 3144 adrenalectomies, this time captured in the Nationwide 
Inpatient Sample (NIS; 1999–2005). First, the authors stratified surgeon volume 
based on quartiles: the top quartile (based on the performance of ≥4 adrenalecto-
mies per year) was defined as high-volume, and the lower quartiles (<4 adrenalec-
tomies per year) were defined as low-volume. The authors found that high-volume 
surgeons performed more bilateral adrenalectomies and used a laparoscopic 
approach more often; these surgeons operated more frequently at urban and teach-
ing hospitals. Differently from previous studies, this one showed that adrenalecto-
mies performed by low-volume surgeons were associated with a higher complication 
rate (18.3 vs. 11.3%, p < 0.001) and longer length of stay (5.5 vs. 3.9 days, p < 0.001) 
compared to those performed by high-volume surgeons. Differences in mean cost of 
hospitalization were not significant ($11,000 vs. $12,600 for high- vs. low-volume 
surgeons, respectively, but with p = 0.06). Importantly, this was the first study deal-
ing with the adrenalectomy volume-outcome relationship using national-level data; 
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it was also the first to provide population-level evidence for a lower risk of compli-
cations when adrenalectomy is performed by high-volume surgeons. The study also 
confirmed the results of previous studies [52] which had shown a shorter duration of 
hospital stay for patients undergoing adrenalectomy by high volume surgeons. 
However, the study was limited in its ability to delineate the surgical approach.

Later, also Hauch et  al. [53] provided up-to-date results using data from the 
Nationwide Inpatient Sample (2003–2009), for a total of 7829 adrenalectomies 
included in their study. Surgeon volume was analyzed based on a quartile distribu-
tion: low (1 adrenalectomy/year), intermediate (2–5 adrenalectomies/year), and 
high (>5 adrenalectomies/year). In bearing with the preceding study, the authors 
found that complication rates for low- and intermediate-volume surgeons were 
18.8% and 14.6%, respectively, and that both groups had significantly higher com-
plication rates than high-volume surgeons (11.6%, p  <  0.001). Once again, the 
length of stay was also shorter when adrenalectomy was performed by a high-
volume surgeon (high 2.7 ± 0.2 days vs. low 4.2 ± 0.1 days, p < 0.001). Similar to 
Park et  al. [50], the authors found that surgeon volume was inversely associated 
with complication risks in multivariate regression modeling. In contrast to Park 
et al.’s results [50], this study reported significantly lower charges for high-volume 
surgeons compared to lower-volume groups (p < 0.05) when patients did not experi-
ence any complications ($27,324.00 ± 1882.05 vs. $33,499.00 ± 1062.81, p = 0.001), 
but the association was not significant, with occurrence of ≥1 complications 
($70,523 vs. $78,299, p  <  0.05). Of note, the use of hospital charges in the 
Nationwide Inpatient Sample is problematic, since charges are unadjusted for perti-
nent cost-to-charge ratios and inflation rates.

Yet another study, by Al-Qurayshi et al. [54], utilized data from the Nationwide 
Inpatient Sample (2003–2009) to examine 7045 patients who underwent adrenalec-
tomy, this time with the specific aim of determining cost differences related to surgi-
cal volume; the authors also estimated potential cost savings based on surgeon 
volume, extrapolating their findings to a national level. Surgeon volume was classi-
fied based on the annual number of adrenalectomies performed by each surgeon: 
low-volume (≤25th percentile, 1 adrenalectomy/year), intermediate-volume (>25th 
to ≤75th percentiles, 2–6 adrenalectomies/year), and high-volume surgeons (>75th 
percentile, ≥7 adrenalectomies/year). The study showed that adrenalectomies per-
formed by low-volume surgeons were associated with a higher risk of postoperative 
complications (adjusted OR 1.66, 95% CI 1.23–2.24). Then, after having built a 
hypothetical statistical model, the authors calculated incremental cost savings of 
7.7% and 8.1% if all adrenalectomies performed by low-volume surgeons were 
selectively referred to intermediate- and high-volume surgeons, respectively. The 
highest cost savings (32.4%) were calculated for patients with a Charlson comor-
bidity score >2 who underwent adrenalectomy by a high-volume surgeon. 
Additionally, based on a conservative assumption that 5000 adrenalectomies are 
performed in the United States every year, the authors extrapolated hypothetical 
cost savings of $19.8 million if intermediate-volume surgeons performed cases 
done by low-volume surgeons, and cost savings of $24.8 million if these patients 
were treated by high-volume surgeons. This study thus demonstrated that improved 

R. Bellantone et al.



105

clinical outcomes of high-volume adrenal surgeons might also have a potentially 
large economic implication.

Furthermore, a study by Lindeman et al. [55] showed a significant association 
between surgeon volume and mortality following adrenalectomy. The study ana-
lyzed adrenalectomies captured in the New York Statewide Planning and Research 
Cooperative System from 2000 to 2014. High surgeon volume was defined using a 
threshold of ≥4 adrenalectomies per year, and the volume threshold was chosen 
based on Park et  al.’s [50] data. The authors found that patients of high-volume 
surgeons experienced significantly lower mortality (0.56% vs. 1.25%, p = 0.004) 
and a lower overall rate of complications (10.2% vs. 16.4%, p < 0.001) compared to 
those of low-volume surgeons. It is important to note that, after risk adjustment, 
low-surgeon volume proved to be an independent predictor of patients experiencing 
an inpatient complication (OR 0.96, p = 0.002).

Further confirming these findings, Palazzo et al. [56] examined 795 adult adre-
nalectomies performed by 222 different surgeons in the United Kingdom 
(2013–2014). Only 36 (16%) adrenal surgeons performed ≥6 adrenalectomies, 
which was the definition of a high-volume surgeon used in the study; also, a total of 
186 surgeons (84%) performed a median of one adrenalectomy per year. The study 
showed that length of stay and readmission rates within 30 days of surgery were 
compromised when adrenalectomy was performed by low-volume surgeons (60% 
longer and 47% higher, respectively). Thus, the authors concluded that, in the 
United Kingdom, higher volume surgeons best perform adrenal surgery in centers 
with a dedicated adrenal multidisciplinary team expert in all aspects of care.

These findings are consistent with those of a Spanish study [57] in which high-
volume surgeons (≥5 adrenalectomies per year) were found to have higher rates of 
performing a laparoscopic approach (91.9% vs. 74.5%, p = 0.03), lower rates of 
in-hospital complications (4.0% vs. 14.8%, p = 0.02), and also shorter length of stay 
(3.9 vs. 5.3 days, p < 0.001).

Although the reported studies show a general coherence, the problem is that 
volume thresholds for adrenalectomy are often arbitrarily selected; this makes com-
parison across studies difficult. To address this lack of uniformity, Anderson et al. 
[58] used sophisticated analyses with restricted cubic splines to determine the 
appropriate adrenalectomy volume threshold that can be used to define a surgeon as 
high-volume. The authors examined the National Inpatient Sample (1998–2009), 
abstracting 6712 patients who underwent adrenalectomies at 687 hospitals by 3496 
surgeons; median annual surgeon volume was one case. Although the study did not 
adjust for surgical approach, it showed that the likelihood of experiencing a compli-
cation decreased with increasing annual surgeon volume up to 5.6 cases; thus, lower 
volume surgeons were deemed to be those who performed <6 adrenalectomies per 
year. When outcomes were re-analyzed based on this binary volume stratification, 
and after multivariate adjustment, the authors found that patients undergoing adre-
nalectomy by low-volume surgeons (<6 cases/year) were more likely to experience 
complications (OR 1.71, 95% CI 1.27–2.31, p = 0.005), have a longer hospital stay 
(RR 1.46, 95% CI 1.25–1.70, p = 0.003), and at increased cost (+26.2%, 95% CI 
12.6–39.9, p = 0.02). Thus, the study established that high-volume adrenal surgeons 
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achieve improved outcomes compared with surgeons who perform <6 adrenalecto-
mies per year. It also confirmed the results of an earlier study by Lindeman et al. 
[55], which had shown an association between surgeon volume and postoperative 
mortality after adrenalectomy (0.6% vs. 2.4% for low vs. high volume surgeons, 
respectively, p < 0.001).

To also address the question of the different techniques, Faiena et al. [59] studied 
8831 patients who underwent open, laparoscopic, or robotic adrenalectomy for 
benign or malignant disease in the Premier Hospital Database (2003–2013). In the 
end, the authors found no significant difference in complication rates or operative 
times based on surgical specialty.

But there is more: indeed, it should be noted that, compared to studies focused 
on surgeon volume, those that have studied a hospital adrenalectomy volume-
outcome association are comparatively fewer in number, more heterogeneous in 
patients’ and providers’ characteristics, and more often specific to surgical tech-
nique or disease process. The studies that have evaluated the association between 
hospital adrenalectomy volume and postoperative outcomes have yielded divergent 
results. To complicate matters further, in contrast to high-volume surgeons perform-
ing adrenalectomies, a high-volume adrenalectomy center is not currently 
defined yet.

One of the studies dealing with this topic was the one by Bergamini et al. [60]; 
they analyzed 833 adrenalectomies captured in the Italian Registry of Endoscopic 
Surgery-Adrenalectomy database (2000–2009). Then, surgical centers were arbi-
trarily divided into “referral centers” with >30 adrenalectomies and “non-referral 
centers” with <30 adrenalectomies performed. Results showed that patients 
undergoing surgery at referral centers had lower rates of conversions to laparot-
omy (1.6% vs. 6.0%, p = 0.003) and postoperative complications (4.8% vs. 22.0%, 
p < 0.001).

These results are similar to those of a study of more than 8000 patients who 
underwent adrenalectomy in New York, New Jersey, and Pennsylvania [61]. Volume 
was stratified based on quintiles that were created using 1996 hospital volumes: 
very-low-volume hospital (VLVH), 0–1 cases; low-volume hospital (LVH), 2–3 
cases; moderate-volume hospital (MVH), 4–6 cases; high-volume hospital (HVH), 
7–14 cases; and very-high-volume hospital (VHVH), ≥15 cases per year. The 
authors found that patients were less likely to die when treated at VHVHs than at 
VLVHs (OR 0.38, 95% CI 0.19–0.75, p  =  0.006). Moreover, a shorter hospital 
length of stay was associated with each increasing volume quintile. When control-
ling for year treated, a median difference of 1.75 days (95% CI 1.80–1.69, p < 0.001) 
of hospital stay was noted in the VHVH cohort compared to the VLVH group.

In contrast to these results, though, Murphy et al.’s [62] analysis of more than 
40,000 adrenalectomies captured in the Nationwide Inpatient Sample (1998–2006) 
found no significant difference in risk of complications based on hospital volume; 
this finding was noted in both univariate and multivariate analyses.

The relative influence of surgeon vs. hospital volume on patient outcomes 
remains unresolved, as few studies have included both surgeon and hospital volume 
together in their analyses.
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For instance, a study by Al-Qurayshi et al. [54] showed that, when controlling for 
multiple factors, including surgeon volume, patients managed in low- (1–3 adrenal-
ectomies/year) or intermediate-volume hospitals (4–64 adrenalectomies/year) did 
not have a statistically significant difference in risk of postoperative complications 
compared to those managed in high-volume hospitals (>75th percentile or ≥65 
adrenalectomies/year) ([low-volume hospital: OR 1.09, 95% CI 0.73–1.63, p = 0.67] 
[intermediate-volume hospital: OR 1.04, 95% CI 0.78–1.40, p = 0.79]).

This finding echoes Hauch et  al.’s [53] analysis of the Nationwide Inpatient 
Sample, in which hospital adrenalectomy volume impacted on the risk of postopera-
tive complications in univariate analyses (p = 0.004) but then lost significance in 
multivariate analyses after controlling for several factors, including surgeon volume.

However, volume-outcome studies that take into consideration surgical tech-
nique tend to assess hospital rather than surgeon volume for that specific technique; 
a problem is that thresholds for volume are commonly arbitrary.

One example is the study by Greco et al. [63] about 363 patients who underwent 
laparoscopic adrenalectomy at 23 centers in Germany. In this analysis, centers were 
stratified into three groups according to their laparoscopic adrenalectomy experi-
ence: group A (<10/year), group B (10–20/year) and group C (>20/year). Although 
complications were not analyzed in the study, when groups A, B, and C were com-
pared, mean operative time proved to be significantly shorter at higher-volume cen-
ters (105.4 vs. 116.5 vs. 159.9 min p = 0.013) but there was no difference in hospital 
length of stay (6.9 vs. 7.1 vs. 7.4 days, p = 0.942).

Further insights were provided by a similar study by Villar et al. [57]: they ana-
lyzed 155 adrenalectomies performed in 2008  in surgical departments in Spain, 
high-volume centers were defined as those with an annual volume ≥10 adrenalecto-
mies, while low volume centers were those with an annual volume <10 adrenalec-
tomies that year. The authors found that high-volume centers were more likely to 
use laparoscopy (92.2% vs. 75.6% p = 0.008), treat malignant lesions (20.7% vs. 
8.9%, p  =  0.03), and have a shorter length of hospital stay (3.7 vs. 5.5  days, 
p < 0.001). Yet, although high-volume centers had lower rates of conversion to lapa-
rotomy, fewer postoperative complications and reoperations, these differences were 
nonsignificant, likely due to low statistical power. In addition, adjusted analyses to 
adequately delineate the independent impact of surgeon vs. hospital volume were 
not performed.

A remarkable study is the one by Gratian et al. [64]: it is, indeed, one of the few 
focusing on a specific disease process—adrenocortical carcinoma (ACC). In their 
study, 2765 patients with ACC were identified from 1046 facilities participating in 
the National Cancer Database (1998–2011). High-volume centers were defined by 
a volume of ≥4 cases of ACC annually, which corresponded to the 90th percentile 
of case volume in the study cohort. All other facilities were considered low-volume 
centers. From a surgical perspective, patients treated at high-volume centers experi-
enced higher rates of adrenalectomy (78.8% vs. 73.4%), radical resection (17.3% 
vs. 13.9%), regional lymph node evaluation (23.2% vs. 18.8%), and chemotherapy, 
including mitotane (43.8% vs. 31.0%, all p < 0.05), compared to patients treated at 
low-volume centers. There were no significant differences in median length of stay 
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(5  days), 30-day readmissions (4.0% for high-volume centers vs. 3.9% for low-
volume centers), or 30-day postoperative mortality (1.9% for high-volume centers 
vs. 3.7% for low-volume centers). Results showed that, despite more aggressive 
operations, fewer positive surgical margins, and more adjuvant treatment at high-
volume centers, overall survival did not differ based on hospital volume.

Following this line, Kerkhofs et al. [65] evaluated patients with stages I–III ACC 
followed in the National Cancer Registry in the Netherlands. However, their results 
differed from those of the aforementioned study by Gratian et  al. [64]: indeed, 
5-year overall survival was improved for patients undergoing surgery in a Dutch 
Adrenal Network (DAN) hospital compared to those having surgery in a non-DAN 
hospital (63% vs. 42%, p  =  0.044  in unadjusted analyses; hazard ratio: 1.96, 
p = 0.047 in adjusted analyses).

Similarly, in an Italian multicentric series [66], performance of aggressive sur-
gery was more likely at high-volume centers (lymphadenectomy rate: 22% vs. 7.7% 
at low-volume centers, p < 0.01; multi-organ resection rate: 24% vs. 8% at low-
volume centers, p < 0.01). On the other hand, the proportion of patients who under-
went laparoscopic resection for ACC was higher at low-volume compared to 
high-volume centers (19.7% vs. 8.7%, respectively, p < 0.05). Furthermore, local 
and distant ACC recurrences occurred more frequently in patients who underwent 
their initial operation at low-volume centers, and the mean time to recurrence was 
shorter at low-volume centers (10.1 ± 7.5 months vs. 25.2 ± 28.1 months p < 0.001). 
Median disease-specific survival was 63  months at high-volume centers, and 
32  months at low-volume centers, with median overall survival being 24 and 
15 months, respectively; however, these differences were not statistically signifi-
cant, likely due to small sample size.

Following this line, a recent meta-analysis [67] examined contemporary man-
agement of ACC by including five studies that presented data on provider volume. 
Overall, the authors found that high-volume centers performed more aggressive, 
open surgery for ACC, and their patients experienced lower rates of local and distant 
recurrence, as well as a longer time to recurrence. However, the findings of the 
meta-analysis were once again limited by the fact that a threshold for high hospital 
volume was not defined; the meta-analysis also had significant data heterogeneity, 
as well as an overall low level of evidence.

10.5	 �Surgery for Gastroenteropancreatic 
Neuroendocrine Neoplasms

Because of the low incidence and the clinical and biological heterogeneity of gas-
troenteropancreatic neuroendocrine neoplasms, to date no studies have evaluated 
their outcomes in terms of surgeon volume and center volume. However, a recent 
survey by a working group of the European Society of Endocrine Surgeons [14] 
concluded that, due to the low incidence and broad range (of manifestations/clinical 
presentations) of gastroenteropancreatic neuroendocrine tumors (GEP-NET), a 
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minimal annual caseload of 5 GEP-NET operations is required in order to obtain 
appropriate specialized knowledge in their peri- and intraoperative management.

10.6	 �Conclusion

In conclusion, there is considerable evidence supporting an operative volume-
outcome association in endocrine surgery; moreover, evidence in favor of improved 
patient outcomes is stronger for high surgeon volume as compared to high hospital 
volume. High surgeon volume may be a proxy for advanced surgical skill and per-
haps for diligence in following established clinical guidelines, such that improved 
patient outcomes are not only a reflection of technical ability, but also of an evidence-
based multidisciplinary approach to patient care.
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11.1	 �Introduction

The widespread diffusion of robotic surgical platforms over the last decades has led 
to its progressive implementation into several fields of surgery. Today, almost every 
known surgical procedure has been attempted with robotic assistance proving the 
feasibility and safety of the technology when performed by experienced surgeons. 
Despite the technological advantages of the available platforms which make the 
mastery of the robotic approach easier and faster to achieve than conventional mini-
mally invasive techniques, the issues of training, credentialing and development of 
defined structured programs for robotic surgery are still under lively debate. Recent 
reports from different countries have shown a clear trend towards the decentraliza-
tion of robotic procedures to an increasing number of centers each performing small 
numbers of cases per year; these low-volume centers, responsible for the majority 
of robotic procedures that are performed yearly in many countries, are associated 
with increased morbidity and mortality of patients operated on with the robotic 

F. Borghi 
General and Oncologic Surgical Unit, Department of Surgery,  
Santa Croce e Carle Hospital, Cuneo, Italy
e-mail: borghi.f@ospedale.cuneo.it 

P. P. Bianchi · G. Formisano 
Division of General and Minimally Invasive Surgery, Department of Surgery  
South-East Tuscany, Misericordia Hospital, Grosseto, Italy
e-mail: bianchippt@gmail.com; giampaolo.formisano@uslsudest.toscana.it 

L. Pugliese · A. Peri 
Department of Surgery, Fondazione IRCCS Policlinico San Matteo, Pavia, Italy
e-mail:  luipugliese@gmail.com 

A. Pietrabissa (*) 
Department of Surgery, Fondazione IRCCS Policlinico San Matteo,  
University of Pavia, Pavia, Italy
e-mail: a.pietrabissa@smatteo.pv.it

11

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-51806-6_11&domain=pdf
https://doi.org/10.1007/978-3-030-51806-6_11#DOI
mailto:borghi.f@ospedale.cuneo.it
mailto:bianchippt@gmail.com
mailto:giampaolo.formisano@uslsudest.toscana.it
mailto:luipugliese@gmail.com
mailto:a.pietrabissa@smatteo.pv.it


114

approach as compared with open or laparoscopic surgery. In addition, greater con-
version rates, worse oncological outcomes, longer hospital stays and higher costs 
have been recorded for low-volume centers compared with high-volume ones. This 
reflects, on the one hand, the lack of the surgical team’s experience and, on the 
other, poor availability of defined pathways and resources to deal with higher com-
plication rates. The available data on the learning curve of robotic operations are 
extremely heterogeneous even when considering a specific procedure, though most 
of the authors agree that the plateau for surgical proficiency is reached much earlier 
than with laparoscopy. Moreover, the latter approach is not necessarily a mandatory 
requirement to succeed in performing safe and effective robotic interventions, 
which can be done with satisfactory outcomes even without prior laparoscopic 
experience; skilled laparoscopic surgeons may have a shorter learning curve at the 
robotic console, if any, and cope with more complex cases from the start. However, 
structured training programs and proctorship by expert robotic surgeons are the key 
steps to quickly master the technique at any level and to limit the related risks.

The largest published series for specific robotic applications mostly come from 
single surgeons or single institutions with vast experience in the field, making the 
results hard to compare and analyze with those of other series. Nevertheless, the 
enabling nature of robotic surgical platforms towards complex minimally invasive 
procedures (namely esophageal, pancreatic, or rectal resections) and the increasing 
evidence of improved outcomes of the robotic approach compared to standard lapa-
roscopy for some of those procedures (lower conversion rate and shorter hospital 
stay) support the need to optimize the use of this costly technology within the 
healthcare system. Despite the evident lack of up-to-date information on the actual 
distribution of robotic procedures in Italy, centralization of patients who may ben-
efit from the robotic approach to high-volume institutions according to the hub-
spoke model should be encouraged by healthcare providers in order to maximize the 
cost-effectiveness of robotic surgery.

11.2	 �Robotic Esophageal and Gastric Oncologic Surgery

Since the first robotic esophagectomy and gastrectomy for cancer were performed 
in the early 2000s, no publications exist concerning the definition of hospital and 
surgeon volumes related to surgical and oncologic outcomes, as instead clearly 
demonstrated for open surgery. Moreover, in Italy data about robotic surgery are not 
among the indicators of the Italian National Agency for Regional Health Services 
(AGENAS). Despite the lack of this information, robotic upper gastrointestinal 
oncologic surgery is increasing in terms of volume of cases (Figs. 11.1 and 11.2) 
and number of published series.

In this situation we need to define, as a minimum requirement, a correct learning 
curve pathway to be able to guarantee at least the same standards as open surgery in 
terms of functional and oncologic outcomes and major complication rates, with the 
demonstrated advantages of a minimally invasive technique.
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11.2.1	 �Robot-Assisted Minimally Invasive Esophagectomy

Only a few studies are dedicated to the definition of the learning curve of this tech-
nically challenging operation, with some limitations due to the small number of 
patients included insufficient to identify the plateau, different methodology of learn-
ing curve analysis (CUSUM or arbitrarily divided groups), only McKeown or Ivor 
Lewis or both considered, confusion for hybrid approaches and different surgical 
systems used.

Twenty cases are considered by Hernandez et al. to significantly reduce the oper-
ative time of the Ivor Lewis procedure from 514 to 397 min, without variation in 
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anastomotic leak rate; the same number of 20 is reported by Abbott et al., with a 
decrease in morbidity after other 10 cases [1, 2].

A significant decrease in surgical time was noted after the first 26 McKeown 
esophagectomies in a paper by Zhang et al. without any other difference in short-
term outcomes and complications, demonstrating that the robotic approach is rela-
tively safe even during the early experience, even though the mean number of lymph 
nodes harvested was greater in the second group of patients (after 26) [3].

According to the largest series of McKeown robot-assisted minimally invasive 
esophagectomies (RAMIE) (232 patients) described by van der Sluis et al., surgical 
proficiency—in terms of operative time, blood loss and conversion rate—can be 
achieved after 70 procedures: a reduction of the learning curve to 24 cases leads to 
the same results, also in terms of radicality and complications, for a second surgeon 
well trained and supervised by the first surgeon as a proctor [4].

In the two series including both Ivor Lewis and McKeown RAMIE, the learning 
curve is considered completed after respectively 30/45 and 80 cases, with a 14% 
decrease in overall complications in the study of Sarkaria et al. and a decrease in 
anastomotic leak rate from 15% to 2% in Park et al.’s series [5, 6].

These variations in terms of number of operations and time to reach the learning 
curve plateau is probably due to the different level of experience and volume of 
open and non-robotic minimally invasive esophagectomy of the team involved. The 
increase of morbidity during the learning period can be particularly explained in 
cases of need to perform a novel robotic intrathoracic anastomosis.

To reduce the risk of increasing major complications during the learning curve, 
Claassen et al.’s review suggested a safe implementation program based on specific 
guidelines, video-based platforms, training models and structured training program 
including proctorship. A similar approach is evident in Egberts et al.’s recommenda-
tions to develop a standardized robot-assisted Ivor Lewis surgical workflow aiming 
to maintain patient safety, prevent medical errors and facilitate the learning 
curve [7, 8].

RAMIE is a complex robotic procedure and should be reserved for experienced 
esophageal surgeons who are not exempted, however, from the training pathway, as 
they are often not very familiar with the minimally invasive techniques.

11.2.2	 �Robot-Assisted Gastrectomy

Most reports to date are from Eastern countries, predominantly consisting of obser-
vational studies, some of them particularly focused on the learning curve, especially 
compared with that of laparoscopic gastrectomy, or considering it among other top-
ics. Also these reports suffer some limitations due to the heterogeneity of statistical 
methods, small and retrospective series, inclusion of distal gastrectomy alone or 
together with total gastrectomy, different levels of experience in open and laparo-
scopic gastric surgery, low body mass index (BMI), no impact estimated on onco-
logical outcomes. Consequently, the findings should be applied with caution 
particularly by novel practitioners and in the Western countries where the volume of 
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gastrectomy is lower and the stage of disease and BMI of patients are higher, with a 
greater proportion of total gastrectomies.

Already in 2009 Song et al., in their study comparing laparoscopic and robotic 
experience by a single surgeon, showed the same outcomes in terms of blood loss, 
hospital length of stay, oral diet and lymph node retrieval in the early phase robotic 
(20 cases) compared to the late phase laparoscopic (40 cases), suggesting that sur-
geons may more quickly become proficient with robot-assisted gastrectomy (RAG) 
than with laparoscopic gastrectomy [9].

In 2012 Kang et al., considering 100 cases of RAG, observed a significant differ-
ence between the first 20 cases and the subsequent 80 cases in terms of operative 
time and hospital length of stay; other studies [10, 11] documented shorter learning 
curves for RAG (11–25 procedures) compared with laparoscopic gastrectomy 
(40–60 procedures): these data are confirmed by Huang et al. who reported a stabi-
lized operating time after 25 robotic operations compared to 41  in laparoscopy. 
Using operative time as a measure of proficiency, Harrison et al. noted a significant 
difference after the first 20 cases without any other correlation with length of stay 
and patient BMI, as instead noted in patients undergoing esophagogastrectomy 
[12–14].

In 2012 Park et al. analyzed the learning curve of three surgeons with different 
expertise in laparoscopic resection using a parametric nonlinear regression model: 
the stabilization of operation time for distal RAG was achieved on average after ten 
cases, but it was shorter and the reduction was greater for the surgeon with more 
laparoscopic experience. By contrast, the less experienced surgeon had more com-
plications and his operation time was affected by patient age and BMI [15].

The findings of Kim et al. regarding the surgical success rate using the CUSUM 
score revealed a cut-off at the 81st case for laparoscopic surgery but no cut-off for 
the robotic procedure, suggesting that RAG can be performed safely from the first 
case if conducted by an experienced laparoscopic surgeon [16].

Subsequently Zhou et al. assessed the learning curve for two surgeons experi-
enced in laparoscopic gastrectomy with the CUSUM score reaching the initial phase 
plateau at 12 and 14 cases and the mastery phase at 30 cases, but this may not reflect 
the real curve for non-expert surgeons: according to Nakauchi et al., a shorter learn-
ing curve for RAG may make it easier for a surgeon inexperienced in laparoscopic 
gastrectomy to perform RAG or for an experienced surgeon to perform complicated 
surgery, but this needs to be proven [17, 18].

In a similar vein, An et al. evaluated the learning curve and short-term surgical 
outcomes of distal RAG performed by a single surgeon experienced in open, but not 
laparoscopic, gastrectomy: the duration of surgery was stabilized after 25 proce-
dures (420 min vs. 281 for the later cases). No other postoperative outcomes, includ-
ing mean number of retrieved lymph nodes, differed between the two groups. 
Moreover, there were no conversions to open gastrectomy and postoperative com-
plications were acceptable [19].

With the increased popularity of robotic surgery and to overcome the major limi-
tation of a single surgeon’s experience, Kim et al. very recently published the results 
of a multicenter prospective trial of 502 RAG specifically focused on the learning 
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curve with a very complete statistical analysis including RA-CUSUM to depict 
complications during the learning curve of five surgeons already proficient in lapa-
roscopic gastrectomy: with regard to operation time, initial proficiency was observed 
after about 25 cases and the plateau was reached at around 65 cases, being influ-
enced by increased blood loss, BMI and the need for total gastrectomy. Three turn-
ing points in the RA-CUSUM curve for complications were recorded at 25, 65 and 
88 identifying four phases (initial, proficiency, transitional, mastery) with 20%, 
10%, 26% and 6.4% of complications, respectively: the increase in complications 
during the third phase (rebound phenomenon) may be due to extension of the indi-
cations and more difficult procedures, including total gastrectomy and intracorpo-
real anastomosis. The complication learning curve was shorter for surgeons who 
received mentoring and paradoxically with less experience in laparoscopic surgery, 
while only proctorship was unable to shorten the time to reduce complications [20].

According to these data, training in RAG is not accelerated by previous laparo-
scopic experience but rather by a stepwise learning curriculum starting from men-
tored courses with lectures, standardized laboratory training with videotape analysis, 
case observation and finally proctorship in the operating room.

Lastly, the above limitations due to the peculiarity of predominant Asian series 
suggest some caution when translating the current evidence to a European popula-
tion until now involved in limited studies on RAG [21].

11.3	 �Robotic Pancreatic Surgery

The robotic approach to oncological pancreatic resections has progressively 
increased over the last decade after its feasibility and safety were acknowledged by 
several surgical groups worldwide [22, 23]. The known benefits of robotic technol-
ogy have helped surgeons to overcome the limitations experienced during laparo-
scopic pancreatectomies and to recapture some of the confidence of the open 
approach that is essential in such a complex surgery especially for fine dissection, 
vascular control and anastomosis [24, 25]. A lot of recent systematic reviews and 
meta-analyses have attested that robotic pancreatectomies are comparable to their 
open equivalents in terms of short-term oncological results, morbidity and mortality 
rates with even better outcomes as to intraoperative blood loss, wound infection, 
postoperative recovery and length of hospital stay [26, 27]. However, the lack of 
high-quality randomized controlled trials limits the evidence of these data, which 
mostly come from retrospective studies performed at high-volume centers and 
whose results are invariably influenced by selection bias, poor standardization of 
techniques or unfulfilled completion of the learning curve [26]. On the other hand, 
recently published data obtained from national registries have shown a widespread 
adoption of minimally invasive pancreatectomies by low-volume centers where 
only a few cases per year are performed, which makes their safety and effectiveness 
questionable [28, 29]. Adam et al. analyzed about 1000 minimally invasive pancre-
aticoduodenectomies (MIPD) compared to over 6000 open cases all taken from a 
nationwide database and found that 92% of the hospitals performing MIPD were 
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low-volume centers with less than ten procedures done over the 2-year observation 
period and that almost half of these centers had only recruited one MIPD case over-
all [28]. Plus, the 30-day mortality rate in this cohort was significantly higher for 
MIPD than for open cases [28]. The fact that the risk of postoperative death is 
greater when MIPD are performed at low-volume centers raises substantial concern 
considering that the minimally invasive approach is mostly allocated to the “easiest” 
patients in terms of tumor stage and comorbidities, especially at the beginning of the 
learning curve. The importance of hospital volume and surgeon’s experience has 
been largely validated in the field of pancreatic cancer surgery across time regard-
less of the type of access used [30–32]. An inverse association between higher hos-
pital volume and lower rates of postoperative deaths and complications as well as 
improved overall survival is evident in the published literature although the exact 
mechanism for this strong relationship is less clear [32, 33]. The individual contri-
bution of hospital-related factors (i.e., availability of defined clinical pathways and 
qualified medical specialties for optimal postoperative care) rather than surgical 
expertise or surgeon’s annual volume to this effect at high-volume centers is still 
debated, but it is reasonable to assume that all these elements play a key role. The 
rationale of this observation remains consistent even admitting that significant het-
erogeneity in the available data exists and that there is no agreement in the literature 
on the definition of high- and low-volume centers, which is often arbitrary [31]. 
Nevertheless, the superior quality of overall assistance and the existence of dedi-
cated protocols for patients undergoing pancreatic resections at high-volume cen-
ters may compensate for less surgical proficiency during the learning curve. Instead, 
the occurrence of severe complications in resected patients at low-volume centers is 
likely to end up with poor prognosis as a result of the lower level of available care, 
even when experienced pancreatic surgeons are present [28, 33, 34]. Given the tech-
nical challenges of MIPD, the need for critical management of possible complica-
tions cannot be disregarded [23–26, 28]. Attempts made to objectively identify a 
minimum threshold number of MIPD to be performed yearly at high-volume cen-
ters do not fully reflect the complexity of this surgery or the time required to master 
the learning curve of the technique or to maintain proficiency [34]. Robotic technol-
ogy is known to allow for fast achievement of surgical mastery of a given procedure 
and some reports have proven that increasing hands-on experience positively affects 
the surgical outcomes of robotic pancreatic resections [23, 24, 26, 35]; this may also 
translate into oncological benefits by reducing delays in the initiation of adjuvant 
therapies as compared to other approaches [36]. Researchers agree that prior experi-
ence with both open pancreatic resections and major laparoscopic surgery are 
essential for safe and effective implementation of the robotic platform in this setting 
[34, 37]. However, recent data confirm that minimally invasive pancreatectomies 
are still largely performed at low-volume centers, where these requirements are 
most often lacking [34].

There are several published reports supporting the so-called hub-spoke model for 
a rational organization of robotic surgery on a regional basis [32–34, 36, 37]. Such 
an organizational network implies an elevated integration between the provider of 
robotic procedures (hub) and other institutions (spokes), which results in several 
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advantages for patients, professionals, and the healthcare system. This model fully 
complies with the mindset of optimizing the effectiveness of robotic surgery while 
minimizing the risks and limiting the costs. Provided that hospital volume is an 
independent and critical factor for the outcomes of major oncological surgery, it is 
clear that only a high-volume center embodies the hub to which pancreatic cancer 
cases suitable for the robotic approach should be directed [28, 31–34, 37]: this is 
where adequate training and skill set have been acquired, structured pathways for 
postoperative care are established and the available resources, both human and 
instrumental, allow for successful outcomes of these complex though safe proce-
dures in experienced hands [28, 31, 34, 37]. In a social and economic perspective, 
the investment of healthcare providers to support robotic pancreas programs in a 
regional or national network may be offset by the patients’ faster return to produc-
tiveness and fewer long-term consequences related to large wound abdominal sur-
gery [35].

11.4	 �Robotic Colorectal Surgery

Robotic surgery represents a further step forward in the evolution of minimally 
invasive surgery and one of the major innovations in the surgical field of the last 
decades from a technological standpoint. The perceived advantages of robotic sur-
gery, including ergonomics and the ability to operate in the confined anatomic space 
of the pelvis, have made proctectomy for rectal cancer a particularly attractive target 
for robotic surgery. As a result, since the first published reports of robotic colecto-
mies in 2002, a large number of colorectal procedures have been performed with 
robotic assistance [38–40].

All new surgical techniques and innovations need a learning curve, with accumu-
lating experience being associated with improved outcomes [41]. Surgeon experi-
ence is usually evaluated based on annual volume and the best early postoperative 
surgical outcomes are achieved in centers where there are high cumulative and high 
annual volume surgeons [42].

11.4.1	 �Hospital and Surgeon Volume: An Update

Keller et al. evaluated the outcomes of robotic colorectal procedures in the setting 
of different surgeon and hospital volumes. A United States inpatient database (NIS) 
was reviewed for robotic colorectal resections performed during an 18-month 
period. Hospitals and surgeons were stratified into high, average, and low case vol-
umes based on a normal distribution scale. High, average, and low volume was 
defined as ≤10, 11 to 20, and >20, respectively, for hospitals, and ≤5, 6–15, and 
>15, respectively, for surgeons. Short-term outcomes and hospital cost were evalu-
ated. Low volume was associated with significantly higher overall complication 
rates, longer length of stay and higher costs [43]. A more recent study compared 
oncologic outcomes with center-level robotic rectal resection volume. More than 
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8000 patients with rectal adenocarcinoma who underwent robotic rectal resection 
were identified in the United States National Cancer Database. On multivariate 
regression analysis, lower center-level volume of robotic rectal resection was asso-
ciated with significantly higher rates of conversion to open, positive margins, inad-
equate lymph node harvest (≥12), and lower overall survival [44].

A case sequence analysis recently reported improved outcomes with increasing 
cumulative experience. After completing 27 cases of robotic colorectal resection, a 
reduction in iatrogenic complications was noted, and this trend continued as volume 
increased [45].

The main concern about these studies is the retrospective analysis performed, 
evaluating data derived from administrative database, but probably these studies are 
more adherent to real life.

11.4.2	 �Complication Rates in Robotic Colorectal Surgery

The largest randomized control trial published on robotic rectal resection compared 
to laparoscopic rectal surgery (ROLARR trial) did not demonstrate an increase in 
complication rates in the robotic arm. Furthermore, the surgeons participating to the 
trial were still in the learning curve phase for robotic rectal resection, and their 
results in term of conversion rates improved with the increasing number of robotic 
rectal procedures performed [46].

On the other hand, several studies have demonstrated a reduction in postopera-
tive complications for robotic surgical procedures, when compared to conventional 
open or laparoscopic surgery [47–49].

An ACS NSQUIP nationwide database analysis including patients subjected to 
low anterior rectal resection has recently shown a statistically significant reduction 
in overall septic complication rates and surgical site infection rates (1.6% in robotic 
vs. 3.1% in laparoscopic procedures, p  =  0.02). Bivariate analysis and logistic 
regression models were used [49].

Different studies have shown a reduction in conversion rates of robotic colorectal 
surgery when compared to conventional laparoscopy. Sun et al. analyzed data from 
the US National cancer database including 6000 patients and demonstrated a reduc-
tion in conversion rates (8% vs. 16%, p < 0.001) in favor of the robotic group. It is 
worth underlining that in the robotic group a higher number of male patients sub-
jected to preoperative radio-chemotherapy for locally advanced rectal cancer 
(cT3N+) was recorded; these factors are well-known predictors of technical proce-
dural complexity [50].

Similar results regarding robotic versus laparoscopic low anterior resection were 
reported by other US population-based studies from the ACS NSQIP database and 
Michigan Surgical Quality Collaborative Registry carried out between 2012 and 
2014 [49, 51]. Reduction in complications and conversion to open surgery can con-
ceptually and potentially reduce the length of hospital stay, thereby reducing the 
overall indirect costs related to hospitalization and the possible subsequent need for 
outpatient visits, with a return to normal daily activity and practice. The ACS NSQIP 
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study including more than 11,000 patients supports this finding, having demon-
strated a reduction in postoperative length of stay for patients subjected to robotic 
versus laparoscopic rectal resection (4.5 vs. 5.3 days, p < 0.001) [49].

The Michigan Surgical Quality Collaborative Registry, including patients sub-
jected to minimally invasive colorectal resection (from 2012 to 2014) further cor-
roborates the above data and tried to specifically focus on the relationship between 
reduction in complication/conversion rates and costs. In this case, the total episode 
cost (namely in-hospital direct costs plus 30-day post-discharge overall costs) was 
considered: total costs were comparable in the robotic and laparoscopic group, with 
the lower conversion rates of robotic surgery (and subsequent reduction in compli-
cations and length of stay) balancing the higher direct costs related to instrumenta-
tion and operating room occupation time [51].

Salman et al. also showed similar results. When the overall cost is considered, 
hospitalization cost involving robotic surgery appears to be cheaper than its laparo-
scopic and open counterparts, because of lower complication rates, less intensive 
care unit stay and shorter length of stay [52].

Better clinical outcomes in robotic colorectal surgery are probably related to the 
concept of “precision surgery” in robotics, which allows for a reduction in tissue 
trauma through a more precise exposure and dissection along embryological planes, 
thus also reducing intraoperative blood loss.

11.4.3	 �Training in Robotic Colorectal Surgery

The learning curve and adequate training in robotic surgery have a crucial role in 
reducing complication rates. The planning of a structured training program is fun-
damental to flatten the learning curve and speed up the process of optimizing both 
short- and long-term surgical outcomes. We have demonstrated the safety and effi-
cacy of a structured training program for young novice surgeons without prior expe-
rience in both open and laparoscopic colorectal surgery, who were autonomous in 
basic minimally invasive surgical procedures. Right colectomy with intracorporeal 
anastomosis was chosen as a model and divided into three main learning modules 
(colonic mobilization, vascular control, intracorporeal anastomosis). Each step was 
carried out by the trainees at least twice under direct supervision of the senior sur-
geon. After the initial robotic cases performed completely under formal proctoring, 
the trainees went on to perform robotic right colectomy independently without a 
mentor, for a total of 20 procedures. This structured stepwise approach allowed 
junior surgeons to safely and effectively perform right colectomies with intracorpo-
real anastomosis. Neither conversion to open surgery nor intraoperative or major 
postoperative complications were recorded, thus allowing the novice to achieve 
results comparable to the senior surgeon’s case series [53].

To summarize, even in robotic colorectal surgery the effect of the learning curve, 
case volume and surgeon volume are strictly related to clinical and oncologic out-
comes. It is fundamental to carefully evaluate hospital and single-surgeon volumes 
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and to plan a structured training program before adopting a new technology like 
robotic surgery.
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The Specific Role of Minimally Invasive 
Robotic Endocrine Surgery

Micaela Piccoli, Sofia Esposito, and Barbara Mullineris

12.1	 �Thyroid and Parathyroid Robotic Surgery

Although the first report of an endoscopic neck procedure was in 1996 [1], mini-
mally invasive procedures in head and neck surgery have not been widely adopted, 
owing to limitations associated with the anatomy of the neck, such as the narrow 
field, limited working space, and contiguity of critical vessels and nerves. Robotic 
surgery may overcome some of the well-known limitations of endoscopy, such as 
collisions and limited range of motion of the rigid instruments, unstable vision, two-
dimensional image, and uncomfortable ergonomics. The robotic system provides 
enhanced visualization with the three-dimensional view of the surgical field, tremor 
filtering and improved instrument range of motion. These characteristics offer sev-
eral advantages for the surgeon, especially in confined areas like the neck and medi-
astinum, allowing finer dissection and better control of the instruments. Since the 
first report of a transaxillary robot-assisted gasless thyroidectomy by Kang et al. [2], 
several studies have confirmed the feasibility and safety of robotic thyroidectomy 
and parathyroidectomy in selected patients [3–8].

The robotic approach has been reported to have a shorter learning curve com-
pared with conventional endoscopic techniques. Lee et al. demonstrated the superi-
ority of robotic thyroidectomy compared to the endoscopic technique in terms of 
operative time, lymph node dissection, and learning curve. The learning curve for 
robotic thyroidectomy was reported to be 35–40 cases, in contrast to 55–60 cases 
for endoscopic thyroidectomy [9]. Kandil et al. also confirmed a learning curve of 
45 cases, highlighting the technical challenges to be expected in obese patients [8].

Nevertheless, this approach was welcomed with criticism, especially in the 
United States. American surgeons questioned the transferability of the Korean 
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experience to the Western population in view of differences in patient character-
istics and nature of the disease [10]. Koreans have a higher incidence of sub-
centimeter nodules, smaller body size, and smaller thyroidectomy resections 
(average volume resected in the United States is double that in Korea) [11]. In 
response to these statements, Western surgeons performing robotic thyroidecto-
mies in high-volume centers demonstrated that, with minimal modifications in 
patient arm positioning, this technique could be implemented in their patient 
populations, without significantly increasing operative time or complications 
[4, 8, 12].

Another reason for skepticism is also represented by the high costs related to 
robotic surgery. Cabot et al. compared standard cervical thyroidectomy with con-
ventional transaxillary endoscopic and transaxillary robotic thyroidectomy. 
Although a higher total cost for the transaxillary approaches was reported, a signifi-
cant decrease in transaxillary operative times resulted in cost equivalence between 
the techniques. They also stated that increasing the yearly load decreases the cost of 
transaxillary robotic and endoscopic thyroidectomy, but not to the point of cost 
equivalence with the standard cervical technique [13].

Robotic parathyroidectomy is even less widespread as a result of the presence of 
several minimal access techniques, in which the parathyroid procedure is performed 
with a small neck incision (less than 2.5 cm), which have proved to be safe and cost-
effective [14]. To date, only few non-randomized studies have compared the out-
comes of robotic parathyroidectomy with targeted minimally invasive 
parathyroidectomy (MIP). Most authors concluded that robotic parathyroidectomy 
is a feasible and safe alternative to MIP, but improved cosmesis should be weighed 
against longer operative times and higher costs [15–17]. However, the robotic trans-
axillary approach represents a valid alternative for patients with mediastinal para-
thyroid adenomas, as reported by several institutions [18, 19]. Mediastinal adenomas 
in 1/3 of the cases cannot be reached cervically and require a sternotomy or thora-
cotomy, with increased morbidity. Robotic parathyroidectomy not only offers cos-
metic benefits due to the single skin incision in a neutral area but it also results in 
faster return to functional activities, less pain and morbidity, when compared to the 
transthoracic approach [6, 18, 19].

In the United States, from 2009 through early 2011, there was a steady increase 
in the volume of robotic thyroidectomies, especially among high-volume institu-
tions [20]. In October 2011, Intuitive Surgical (Sunnyvale, CA) sent a notice with-
drawing its support to robotic thyroid surgery. This caused a drop in robotic 
thyroidectomy volumes and a transition of the procedure to low-volume centers 
(fewer than five cases annually). In their recent study, Hinson et al. reported that 
low-volume centers had higher complication rates when compared to high-volume 
institutions, but they were also responsible for the majority of the robotic thyroidec-
tomy performed in the United States [20].

In 2016, the American Thyroid Association stated that remote-access robotic 
thyroidectomy had proven to be safe and feasible in high-volume centers and had a 
role in selected circumstances. Patients for whom avoidance of a neck incision is of 
utmost value, because of either cosmetic or wound healing issues, should see their 
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wishes acknowledged and fulfilled, as long as the procedure is done by experienced 
surgeons under strict selection criteria [21].

Surgeon volume has always been considered an important predictor of clinical 
and economic outcomes in conventional open endocrine surgery. Surgeons perform-
ing fewer than four endocrine operations yearly are responsible for disproportion-
ately high complication rates, while surgeons performing 100 procedures maintain 
the lowest complication rates [22]. Robotic-assisted remote-access neck surgery 
requires an additional level of expertise of the surgeon and the institution. This 
approach necessitates dedicated tools (specific retractor, 5 mm robotic instruments) 
as well as a specialized surgical and operating room team.

Considering that robotic thyroidectomy requires approximately 40 cases to 
become proficient [23] and higher-volume centers have significantly lower compli-
cation rates, centralization of volume into higher-volume centers could be beneficial 
for patients, while decentralization may be associated with increased complication 
rates [20]; high-volume centers could also have an advantage in terms of cost-
effectiveness, with shorter operative time, shorter hospital stay and better deploy-
ment of resources [13].

12.2	 �Adrenal Gland Robotic Surgery

Laparoscopic adrenalectomy is considered to be the gold standard treatment for 
benign adrenal diseases. Malignancy and large tumors are still considered a contra-
indication to the minimally invasive approach. The robotic platform has found its 
use also in adrenal surgery, proving to be a safe and feasible alternative to laparos-
copy [24]. Both posterior retroperitoneal and lateral transabdominal approach tech-
niques have proved to be safe and feasible with the robotic system [25]. Literature 
reports regarding robotic adrenalectomy have significantly increased in number in 
the last decade, but we are still lacking high-quality trials in terms of evidence-
based medicine. Compared to conventional laparoscopic surgery, the current litera-
ture indicates an advantage in intraoperative blood loss and length of hospital stay, 
with similar morbidity and operative times [24, 26].

The robotic platform, with its intrinsic characteristics such as tremor filtering, 
enhanced 3D vision, and instruments with a wider range of motion, provides a sub-
stantial advantage when precise dissection in narrow surgical fields is required, thus 
potentially reducing the learning curve. Brunaud et al. reported a learning curve of 
20 cases, with independent predictors of operative time being surgeon experience, 
first assistant training level, and tumor size [27].

The robotic platform could offer an advantage also in large tumors. Agcaoglu 
et al. compared robotic and laparoscopic adrenalectomy for tumors larger than 5 cm 
and found that operative time, conversion rate and length of hospital stay were shorter 
in the robotic group [16]. In their recent study, Quadri et al. reported that patient 
BMI, tumor side and size did not have a negative impact on perioperative and post-
operative outcomes of robotic adrenalectomy, concluding that the robotic platform 
could have an impact on expanding the indications of minimally invasive surgery. 
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The main criticism toward robotic surgery remains cost-effectiveness [28]. Brunaud 
et al. also analyzed costs related to robotic adrenalectomy and found that the robotic 
procedure was 2.3 times more costly than lateral transperitoneal laparoscopic adre-
nalectomy. This difference would become smaller if the number of cases per year of 
robotic adrenalectomy increased [27]. Recently, Feng et al. compared 58 robotic and 
64 laparoscopic adrenalectomies, reporting similar anesthesia and procedure times 
for both procedures. Moreover, the authors demonstrated that an experienced surgi-
cal team can keep the costs of robotics comparable to those of conventional laparos-
copy by limiting the number of robotic instruments and energy devices [29].

Number of cases per year is an important factor that not only influences cost-
effectiveness, but mainly impacts postoperative morbidity and length of hospital 
stay. A recent national-level analysis of 6712 patients who underwent adrenalec-
tomy between 1998 and 2009 demonstrated that increased surgeon volume was 
associated with better outcomes. The authors also identified a surgeon volume 
threshold of six or more procedures per year that was related with improved out-
comes and decreased hospital cost [30]. Another study by Palazzo et al. also chose 
a threshold of six procedures per year to define high-volume surgeons. The authors 
used the Hospital Episode Statistics data from the National Health Service in 
England and demonstrated that low-volume surgeons had longer length of hospital 
stay and higher 30-day-readmission rates [31].

Recently, the European Society of Endocrine Surgeons (ESES) published a con-
sensus statement on volume-outcome correlation in adrenal surgery and stated that 
adrenal surgery should continue only in centers performing at least six cases per 
year, while surgery for adrenocortical cancer should be restricted to centers per-
forming at least 12 adrenal operations per year, underlining the importance of an 
integrated multidisciplinary team. Furthermore, recommendations regarding spe-
cifically robotic adrenalectomy were made. The panel stated that “robotic adrenal 
surgery should be implemented only in units with previous experience in robotic 
surgery, familiar with laparoscopic adrenalectomy and with large-volume practice. 
Robotic adrenalectomy is not a technique for the occasional adrenal surgeon with 
minimal previous personal experience (level of evidence V/grade of recommenda-
tion C).” [32].

This statement further supports the need for an organized planning of the 
resources in robotic surgery due to high costs of the technology and the requirement 
of specific expertise, as suggested also by the Health Technologies Assessment 
Report of the Italian Health Ministry [33].
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Combining Risk Management  
and Real Time Indicator Monitoring 
for Continuous Improvement

Marco Albini, Patrizia Meroni, and Marco Montorsi

13.1	 �Clinical Governance and Risk Management

In 2004, Som defined clinical governance as a “governance system for health-care 
organizations that promotes an integrated approach towards management of inputs, 
structures and process to improve the outcome of health-care service delivery where 
health staff work in an environment of greater accountability for clinical quality” 
[1]. Numerous elements are necessary for the application of clinical governance. As 
presented by Gottwald and Lansdown in 2014 [2], these components included: 
research and development, evidence-based practice education and training, risk 
management, audit, and complaints.

In particular, risk management and audits are key components in delivering clini-
cal governance due to the high risks present in healthcare settings and the need to 
assess and mitigate these risks. The importance of these two factors arose from 
events revealing lack of clinical safety, such as the Bristol Royal Infirmary case 
(inquiry started in 1991) [3], and publications highlighting the prevalence of medi-
cal errors, such as to “To err is Human” in 2000 [4]. The realization of the need for 
clinical safety led to a movement devoted to reducing risk and building healthcare 
quality assessment methods and tools [5, 6]. Indeed, over the last three decades 
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many institutions have developed systems that are able to detect and gather event-
related information to evaluate the risks involved in an incident, conduct present-
day risk assessments and set in place appropriate mitigation strategies. Such systems 
are linked to a higher incident reporting that trigger improved hospital risk manage-
ment activities [7]. Surgical practices have also become involved with clinical gov-
ernance and risk management, as seen in numerous scenarios [8], assisting surgeons 
in refining their procedures and acquiring a self-improvement mindset [9].

The potential of improving healthcare service delivery relies on the possibility of 
detecting faults and preventing possible complications. However, considering the 
increasing number of healthcare institutions and the evolving nature of healthcare 
settings, new quality assessment methods or tools should be incorporated into the 
clinical setting.

13.2	 �Quality Indicators: Types and Use in Healthcare Systems

Indicators have become the primary tool for the evaluation of healthcare systems 
and in turn foster their continuous improvement. Within the international context, 
databases such as the World Health Organization Global Health Observatory and 
the Economic Co-operation and Development Health Statistics play a major role in 
presenting global statics and indicators. Yet, to obtain precise and detailed informa-
tion on a country level it is necessary to use suitable indicators able to assess a 
particular context. These indicators can vary between countries but may also over-
lap in certain instances due to their comprehensive nature. In particular the follow-
ing examples of indicators may be considered:

	1.	 Indicators of the Agency for Healthcare Research and Quality (AHRQ) [10], 
specifically the Inpatient Quality Indicators (IQI), Patient Safety Indicators 
(PSI), Preventive Quality Indicators (PQI) and the Pediatric Quality Indicators 
(PDI). These indicators are available on the website of the AHRQ, where the 
information and methodology to calculate these indicators is provided. One dis-
advantage of the AHRQ is that they lack comparison or benchmarking tech-
niques between the indicators.

	2.	 MyNHS data-gathering platform [11], which provides numerous performance 
indicators of health and social care services, and specifically compares hospital 
performance for 29 medical specialties. For each specialty they indicate the hos-
pital performance and if their values are in the expected range compared to other 
hospitals. This tool is available to the public and is directed to inform citizens on 
hospital quality performance.

	3.	 Italian National Outcome Program (Programma Nazionale Esiti, PNE) [12], a 
tool developed by the National Agency for Regional Healthcare Services 
(AGENAS) for a comparison between providers or Healthcare Agencies. The 
tool mainly focuses on outcome measurements, while also considering volume 
activity and other system measures.

	4.	 Sant’Anna School of Advanced Studies performance evaluation system of 
regional health systems (Sistema di Valutazione delle Performance dei Sistemi 
Sanitari Regionali) [13], a voluntary evaluation tool used by over a dozen Italian 

M. Albini et al.



135

regions. The objective of this tool is to provide each region with a method for 
measuring, comparing and presenting the quality of the healthcare services 
offered by the region. The tool follows the Donabedian dimensions of care: 
structure, process and outcome [14].

The above-mentioned examples show how evaluation tools play an important 
role in assessing the quality of healthcare services. For each of these examples, 
there was a great effort to develop solid and specific indicators, but continuous col-
laborative efforts will be necessary also in the future to develop other pertinent 
indicators of outcome that can be used for benchmarking and continuous 
improvement.

Quality assessment is also advancing within the surgical field, with studies spe-
cifically investigating the relationship between outcome indicators and volume 
when assessing surgical safety. Some suggest that it may be best to monitor through 
risk-adjusted postoperative outcomes and investigate underperforming facilities 
[15], others that “the inverse association between high volume of procedure and risk 
of operative death is not specific to the volume of the procedure being studied” [16]. 
Indeed, this reasoning has led the PNE, which has numerous indicators related to 
oncological surgery, to develop outcome indicators together with volume indicators. 
Another very important methodology is the ACS National Surgical Quality 
Improvement Program ACS-NSQIP [17] that is a US validated, risk-adjusted, 
outcomes-based program to measure and improve the quality of surgical care. A 
study comparing the ACS-NSQIP [18] to the AHRQ-PSI, a tool widely recognized 
by surgeons, not only showed that the ACS methodology identified a larger number 
of adverse events but also shed light on the need for the use of more precise 
indicators.

13.3	 �New Technologies and Service Improvement

The evolution of the digital world in healthcare has deeply impacted accessibility 
to patient information and the analysis of medical data. This can be seen by the 
wide adoption of electronic health records (EHR) and electronic medical records 
(EMR) used by most hospitals in the USA (Fig. 13.1) [19], and across Europe 
[20, 21], with the European Union planning to expand EHR use even further 
under the European Commission recommendation 2019/243 [22]. Many other 
countries are also attempting to adopt EHR systems and evaluate the possibility 
of its diffusion based on factors such as costs and health information technology 
infrastructure [23, 24].

Other emerging technologies also include Clinical Decision Support Systems 
(CDSS) and machine learning and advanced analytics. CDSS is a software system 
that supports the decision-making of a clinician or healthcare professional, with its 
wide applicability impacting the delivery of primary and inpatient care and surger-
ies [25]. Machine learning and advanced analytics have allowed for real-time analy-
sis and construct of predictions, which is more expedient compared to the more 
labor-intensive classical statistical tools used in the past. These technologies have 
been applied to the clinical setting and have allowed for more accurate EHR data 
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assessments and predictions compared to the use of classical indicators and model-
ing approaches [26].

Moreover, following the new digital era, organizations began providing services 
by using information and technology as tools to support healthcare transformation 
and improve health outcomes, as in the case of the Healthcare Information and 
Management Systems Society (HIMSS) [27]. HIMMS supports progress through 
technology adoption in healthcare and by following maturity models as tool to 
assess and enhance effectiveness. They propose models such as Electronic Medical 
Record Adoption Model (EMRAM) used by thousands of hospitals to incorporate 
electronic medical record, the Continuity of Care Maturity Model (CCMM) used to 
assess organizational progress capabilities, and the Adoption Model for Analytics 
Maturity (AMAM) used to measure and advance analytical capabilities.

All these facts help to understand how the digital world is something to face also 
in the healthcare context.

13.4	 �Classical Approach

Quality indicators mainly serve a statistical purpose, developed and used by hospi-
tals and healthcare system administrators, researchers and policymakers who at 
times neglect the usefulness of these tools [28]. Differently, physicians and other 
healthcare professionals seem to prefer audit methodology as an approach to quality 
improvement as it often allows for a more in-depth analysis for fewer cases, a level 
of specificity deemed unnecessary for decision makers. These two approaches are 
often conducted in parallel, each suggesting different approaches for improvement, 
as shown in Figs.  13.2 and 13.3. Overcoming these differences is the first step 
towards a comprehensive implementation of clinical governance [29].

Fig. 13.1  Percentage of U.S. non-federal acute care hospitals (by type) that possess certified 
electronic health record technology (2017). (Source: https://dashboard.healthit.gov/quickstats/
pages/certified-electronic-health-record-technology-in-hospitals.php)
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One way to merge these two process is by following the Institute of Health Care 
Improvement (IHI) Trigger Tool for Measuring Adverse Events [30]. The tool uses 
triggers (e.g., readmissions, infections, complications, return to surgery), normally 
part of quality indicators, which may be used at the decision level and may be 
applied to conduct auditing. However, this method seems no longer up to date as it 
does not involve new technological opportunities.
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Fig. 13.2  Cycle of risk management. 
This cycle explains what is done on 
each event or near miss identified in a 
hospital. (Source: https://www.healthit.
gov/topic/clinical-quality-and-safety)

Fig. 13.3  Spiral of improvement through measures. The spiral in the image has, as an object, 
aggregated data around an area of care. (Source: https://www.healthit.gov/topic/clinical-quality-and- 
safety)
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13.5	 �Combining Quality Indicators and Risk 
Management: Implementation

The main hypothetical approach to combine quality indicators and risk management 
methods is through technology. In other words, building a system that can constantly 
monitor quality indicators and drill down into case data (the numerator of indicators) 
in order to augment the potential of assessing and uncovering gaps through risk man-
agement methods. By using this approach not only is it possible to precisely deter-
mine the necessary improvement activities on a case-to-case basis, but also obtain a 
comprehensive view of the indicators measured allowing for a more effective priori-
tization of activities. A diagram of this approach is presented in Fig. 13.4.

In 2013, the Humanitas Clinical and Research Center implemented this system 
by integrating the following components:

•	 Clinical Performance Information System (CPIS): a web-based system able to 
manage and present all the indicators to every internal hospital user. The CPIS was 
introduced in July 2013 and the number of users has continued to increase, jump-
ing from 600 to more than 2000 users in 2019. In 2014, 18% of total users accessed 
the system while 61% of users accessed it in 2019. The CPIS incorporates tables 
and graphs presenting the user with overall trends as well as the possibility to drill 
down into the case data. This allows for both the inclusion of indicator figures and 
the results form audits. The CPIS was developed to bridge such gaps.

Provide care

Measure
results

Iden�fy Analyze

Ac�on

MonitorControl

Priori�ze
improvements

Implement
improvements

Op�mal care

Fig. 13.4  Integration of risk management and measurement processes
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•	 Mortality Committee: made up of approximately ten experts (active or retired 
chiefs of departments from all major hospital departments: cardiology, general 
surgery, general medicine, radiology, cardiac surgery, neurology, legal medicine, 
anesthesiology). Since 2013, these experts have met on a monthly basis to review, 
together with the patient’s physician, all mortality cases from the previous month. 
The committee’s objective is to assess the cause of death, determine if there were 
any issues related to the patient’s safety and if there is any opportunity for 
improvement.

•	 Malpractice Litigation Evaluation Committee: was founded in 2009 while a 
major insurance company was still involved in the assessment and management 
of cases. In 2011 the committee reorganized, structurally similar to the mortality 
committee, with the aim of addressing the line of legal defense, but, more impor-
tantly, detecting the need for potential upgrades in quality of care.

•	 Nurses’ Improvement Committee: started in December 2016 with the goal of 
assessing events or near misses involving nurses, and find the underlying causes 
of incidents and determine a strategy to avoid their reoccurrence.

The joint collaboration and work of all these activities allows for the develop-
ment of solutions and new monitoring strategies. Often, the committee proposes 
process updates, the introduction of a new technology or the integration of specific 
indicators to enhance the monitoring of particular processes or outcomes. The intro-
duction of new indicators can enable the committees to examine new types of cases 
creating a virtuous loop.

13.6	 �Combining Quality Indicators and Risk Management: 
Five Years’ Experience

In-hospital elective surgery data from the Humanitas Clinical and Research Center 
was analyzed from January 2015 to June 2019. Because of the committees’ focus on 
hospital patient mortality assessment, a decrease of in-hospital mortality was 
expected.

The data portrayed in Table 13.1 shows a decrease in elective surgery mortality. 
By using the APR-DRG (All Patient Refined-Diagnosis Related Groups, by 3M) 
weight, a classification system based on patients’ reason for admission, it was 

Table 13.1  Mortality, admissions, case-mix in surgical departments (2015–June 2019)

Period

Elective surgery Emergency surgery
Number of 
admissions

In-hospital 
mortality (%)

APR-
DRG

Number of 
admissions

In-hospital 
mortality (%)

2015 25,099 0.17 1.196538 1984 4.39
2016 26,686 0.17 1.218685 2039 4.32
2017 28,173 0.11 1.247753 2109 4.08
2018 29,450 0.08 1.246847 2116 4.40
Jan–June 
2019

16,105 0.04 1.241795 1137 4.13

APR-DRG All Patient Refined-Diagnosis Related Groups
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possible to further evaluate the severity of illness and risk of mortality measures. 
The results showed an increased weight, meaning that there is not any adverse 
selection of patients. Interestingly, the growing number of operations and decreas-
ing mortality percentage suggest that the increase in number of elective surgeries 
does not necessarily prevent improvement in quality of care. This was not the case 
for emergency surgery mortality that remained stable throughout the studied period.

Importantly, these figures show the value of delivering indicator measurements 
to physicians and other health professionals, allowing the incorporation of their 
perspective and the possibility for them to apply surgical safety assessments and 
indications, avoiding the adverse selection of the case-mix.

To further elaborate on these results, a larger comparison was conducted starting 
from 2011 to June 2019 (Table 13.2), by including measure of distribution of inter-
vention between different departments (calculated with the Shannon index [31]). 
The data was grouped from 2011 to 2015 and from 2016 to June 2019; as from 2015 
a concentration of particular activities on specific departments was conducted to 
match patients’ needs to the expertise of surgeons.

Looking at data from Table 13.2, we see how the effort to concentrate activities 
(Shannon index from 5879 to 5522) together with shifts in the approach to quality 
and risk management has led to reduced mortality and reoperations and shorter 
hospital length of stay during the 8-year period analyzed.

By conducting organizational changes and combining quality and risk manage-
ment, the hospital was able to improve monitoring and to drive the actors involved 
in the development of hospital quality and safety to implement best solution for care.

In summary, combining the culture of numbers, by adopting suitable technology, 
together with the culture of safety, through risk management methodology, allows 
for healthcare delivery improvements. We aim to further use this method for two 
other phenomena: reoperations during the same admission and a sample of clinical 
pathways that needs renovation.

13.7	 �Further Remarks

In order to reach this state of continuous improvement, there are certain conditions 
that need to be met. Firstly, the hospital or healthcare system needs a strong mana-
gerial involvement, without which the decision-making process would be hindered 
through self-defined risk processes and ineffective change. Secondly, the hospital or 
healthcare systems should adopt relevant competencies for both risk management 

Table 13.2  Concentration of activities (Shannon index), case-mix (n. of cases, mean age), and 
related outcomes (2011–2015 and 2016–June 2019)

Period
Shannon 
index Cases

Mean 
age

Length of 
stay

Mortality 
(%)

Re-operations 
(%)

2011–2015 5.879 14,022 57.24 8.50 3.72 3.40
2016–June 
2019

5.522 9754 57.49 7.89 2.74 2.16

M. Albini et al.
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and use of quality indicators. These include skills in managing, analyzing and deliv-
ering data to involved stakeholders, as well as skills in risk management, collabora-
tion with physicians and nurses, and delivering clinical governance. Thirdly, the 
hospital or healthcare system needs an advanced technological framework that 
enables and facilitates the collection and access of clinical data. This is important, 
as often EMR products may be difficult to use and acquire data from, inhibiting the 
continuous improvement process.

An important future outlook to consider is the acceptance of technological 
advancement within the evolving culture of care. The increasing number of tools 
able to conduct real-time assessments and recommendations allow for more effec-
tive advancements, yet their impact might be limited as healthcare professionals are 
not prone to use them. One solution would be to foster the collaboration of techni-
cians and informaticians with healthcare professionals in the development of 
such tools.

13.8	 �Conclusions

Through this chapter we observed two approaches to determine the best outcomes 
of healthcare provision. On the one hand, we showed that examining the volume-
outcome relationship aims to find an easy way to reach the best outcome, and so, if 
the relationship exists, it is simpler to look at volume to reach a better outcome. On 
the other hand, we explained how the use of both a quantitative and empirical 
approach could also determine better outcomes, specifically by combining quality 
indicators and risk management methods through technology.

It is important to acknowledge these different approaches and consider the pos-
sibility of connecting their methodologies, as they are not exclusive but rather can 
complement one another. To develop new tools and solutions, it is crucial to envis-
age the use of new technologies with the aim of supporting healthcare professionals 
in putting in place immediate control measures and advancements.
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Centralization in Surgery in European 
Countries
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14.1	 �Introduction

European countries are challenged by the growing costs of their health care sys-
tems. The issue is complex due to numerous factors and perspectives involved in a 
market which includes various players and conflicting interests. These factors are 
further influenced by country-specific circumstances, like geopolitical conditions, 
available resources and social values. Patient-perceived values, integrated today in 
concepts of value-based medicine [1, 2], are rarely at the center of the debate, 
although quality of care with endpoints relevant to patients and to the whole society 
are gaining increasing attention.

High quality of health care at reasonable cost is the target of all accountable 
health care systems, but the definition of quality remains vague and therefore sub-
jected to versatile interpretation. An important question is how to provide high qual-
ity complex procedural care with policies ranging from unregulated free markets to 
centralization (regionalization) in a single national center. Centralization is a pro-
cess of concentration of resources, which includes infrastructure, staff, material, 
knowledge, and research. This process is believed to lead to improved quality of 
care and ultimately to enhanced financial efficiency. How centralization should be 
implemented remains a controversy and in many countries the focus lays on central-
ization of complex surgical procedures.

Today, many elements have been established in the surgical field that are associ-
ated with incremental improvements in the quality of surgical care [3]. One repeated 
observation is that high-volume institutions are associated with improved outcome 
through appropriate and better indications, surgical procedures, and postoperative 
management [4, 5]. Additional key factors for better outcome are surgeon volume, 
specialization and the so-called “rescue phenomenon”, meaning the ability to 
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prevent minor postoperative events developing into severe complications and death 
[6]. Recently it has been demonstrated that operating on complex and not only on 
“standard cases” (benchmark cases) is key for a qualitatively successful surgical 
program [7].

14.2	 �Centralization Policies in Europe: General Overview

The European Observatory on Health Systems and Policies has demonstrated the 
diversity and different rates of progress in developing a concept of reference cen-
ters and networks in Europe. In some countries, centralization is mainly driven by 
limitation of the number of medical institutions, in others by the desire to improve 
clinical expertise and research on the treatment of specific (mainly rare) diseases. 
Some countries have developed well-established systems for monitoring activities 
and outcomes in specific fields (e.g., cancer), and others have just historically 
established leading centers of excellence to which patients are referred, without 
any clear criteria or quality control mechanisms. In the field of critical care (trans-
plants, burns), networks are often especially built around a central coordina-
tion center.

Two main concepts have emerged: (1) the concentration of expertise and care on 
the one hand, and (2) the transfer of this expertise between and within networks on 
the other. To a certain extent these concepts are in competition with each other. At 
the level of the European Union the development of European reference networks 
(ERNs) is planned to improve access to and provision of high-quality health care to 
all patients. These networks could act as focal points for medical training and 
research, information dissemination and evaluation, especially for rare diseases. 
The aim is to facilitate also access to safe and high-quality cross-border health care. 
But we are still not so far.

14.3	 �Centralization Policies in Europe with Focus 
on Gastrointestinal Surgery

Nearly 50 years after the landmark publication by Luft et al. [8] on regionalization 
of surgical care, only little progress can be observed in Europe [7]. Centralization 
policies in surgery are implemented mainly by the definition of minimal volume 
numbers in terms of activity per center for selective procedures in 13 of 20 (65%) 
investigated European countries, and only 5% (1/20) have proposed a minimal case 
load per surgeon (Table 14.1). Four countries, the Czech Republic, Greece, Poland 
and Romania have currently no policy regarding centralization in gastrointestinal 
surgery.

Procedures or diseases to be centralized are defined differently by health care 
policy makers, typically national and regional governments. For example, Austria, 
Denmark, and Switzerland based their choices for centralization on rarity of the 
disease, complexity with high postoperative morbidity, structural requirements and 
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costs, and on scientific evidence for a volume-outcome relationship. In other coun-
tries, complexity, management with multiple disciplines and technical challenges of 
the procedures followed by financial burden are the most common factors, recogniz-
ing a need for centralization for procedures on the esophagus, pancreas, liver, and 
rectum. Centralization policies may either relate to technical procedures on an 
organ, or be restricted to specific cancers (e.g., pancreatic cancer) or conditions, 
such as morbid obesity. So, centralization in surgery has been undertaken across 
European countries based on different concepts.

Furthermore, there is an obvious discrepancy between regulations for centraliza-
tion and implementation. For instance, volume thresholds in Austria and Germany 
are not respected despite requirements clearly set out by the law. While centraliza-
tion is well implemented in the field of transplantation, burns, pediatric and neuro-
surgery, the reality is very different for gastrointestinal procedures. A recent study 
on the centralization of pancreatic surgery in Europe shows that European countries 
have failed to establish centralization to high-volume centers for numerous reasons 
and the review enforces the worldwide plea for centralization to lower postoperative 
mortality after pancreatic surgery [9]. The Netherlands, the UK and Denmark are 
good examples of a strong centralization and good performance.

Table 14.1  Requirement for minimal numbers (resections/year) per center [7]

Country Esophagus Pancreas Liver Rectum
Surgeon 
volume

Legally 
enforced

Austria 10 10 10 (20 a) 10 (15 a) ND Yes
Belgium ND ND ND ND ND
Czech Republic ND ND ND ND ND
Denmark b 80–100 >100 >200 >120 ND
England (UK) b 60 80 150 ND l
Finland ND ND ND ND ND
France c 30 30 30 30 ND Yes
Germany 10 10 ND ND ND Yes
Greece 15 20 30 ND ND
Hungary 10 20 30 20 ND
Ireland b ND ND ND ND ND
Italy 20 50–100 20 50 ND
Norway b 10 10 20 20 ND
Poland ND ND ND ND ND
Portugal 20 20 20 20 ND
Romania ND ND ND ND ND
Spain 6 11 11 15 ND Yes
Sweden b ND ND ND ND ND
Switzerland 10 10 10 10 ND Yes
The 
Netherlands

20 20 20 20 ND Yes

ND not defined
aYear 2018
bNot based on minimal numbers, but defined catchment areas/health care regions. Denmark, 
England and Norway have additionally secured minimal numbers
cIn France minimal number of 30 procedures in total for cancer irrespective of the location
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14.4	 �Examples of Centralization Policies 
in European Countries

14.4.1	 �Denmark

Denmark counts five health care regions today. Each region operates a public hos-
pital and has a university hospital. This is the result of a radical restructuring that 
was accompanied by important financial investments.

The Danish health authority regulates and coordinates highly specialized ser-
vices including complex abdominal operations. According to this regulation, 
(highly) specialized abdominal operations are performed in 1–4 locations across the 
country, whereas there exists a cooperation between regions. Of note, despite the 
small population size, the minimum number of cases is the highest in Europe 
(Table 14.1; e.g., esophagus 80–100/year; pancreas >100/year). A recent national 
study demonstrated a slight improvement in survival and relative mortality in pan-
creatic cancer, which may well reflect the national cancer centralization strat-
egy [10].

14.4.2	 �England and Scotland

Health policies in England (80% of the population), Scotland, Wales and Northern 
Ireland are different. The main policy in England has been towards more decentral-
ization, reinforcement of the internal market, and more localized decision-making. 
Scotland and Wales have moved in the other direction, dissolving the internal mar-
ket and keeping more power centralized.

14.4.2.1	 �England
Major hospitals bid to the NHS (National Health System) England for funds to pro-
vide services. England also uses payment systems intended to create incentives for 
quality and efficiency, that is, a “Payment by Results” and “Pay for Performance” 
system linking a small proportion of provider income to certain goals. Since 2001 
and according to a guide on the development of cancer networks, cancer teams 
should have a catchment area of two to four million inhabitants [11]. Today (highly) 
specialized services are provided by only a few hospitals. Based on different crite-
ria, specialized services are commissioned directly by the NHS as it is for liver, 
pancreas, esophagus, and lower rectum resections, and for bariatric surgery or, 
when the criteria not met, by Clinical Commission Groups. A key body is the 
National Institute for Health and Care Excellence (NICE), which advises on the 
cost-effectiveness of interventions. NICE plays an important role for publication of 
pathways, guidance, standards, and indicators and, as of April 2013, NICE took 
over the role of the AGNSS (Advisory Group for National Specialized Services) in 
appraising highly specialized technologies. “NHS England current national specifi-
cations” recommend minimal case volumes for multidisciplinary teams (without 
legal enforcement) (Table 14.1). Specialized cancer networks have developed based 
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on a hub-and-spoke model and through centralization, many surgeons lost their 
“cancer work” and are forced to operate in their nearby associated centers and con-
tinuing to provide general surgery services at their local hospitals [12, 13]. 
Centralization of esophagogastric cancer resulted in England in a reduction of the 
30-day mortality rate from 7.4 to 2.5% [14]. and in pancreatic surgery 30-day mor-
tality in England decreased from 6.2 to 5.7% between 1999 and 2005, while hospi-
tals performing pancreatic resections decreased from 101 to 73 and annual cases 
increased from 1473 to 1905. NHS England has designed policies to monitor con-
tracted hospital trusts to verify adherence to the volume indicators.

14.4.2.2	 �Scotland
Boards and community health partnerships manage their own funds in Scotland and 
use a capitation-based allocation system. Scottish continuous peer review audits and 
studies analyzing patients managed in high-volume centers and by specialists 
showed significantly improved outcome [15]. These data triggered the establish-
ment of the Managed Clinical Network patterns coordinated by an Executive Board. 
The duty of this network is to organize the specialized units within a network [13]. 
The network defines also national guidelines, ensures the appointment of clinical 
nurse practitioners in each unit, and undertakes regular audits of practice.

14.4.3	 �Finland

Finland is a sparsely populated country with a well-established strong decentraliza-
tion of health care services. The situation is planned to be reversed, as the country 
has become increasingly concerned about geographical inequalities in access to 
health care. In the north distance to the nearest high-volume center is over 500 km. 
Irrespective of this fact centralization of pancreatic surgery has proceeded gradually 
in Finland since the 1990s. In a recent study from national registers it has been 
shown that both short- and long-term survival was significantly better for patients 
operated in high volume centers [16]. Finland may become in the future an example 
of centralization of surgical care in a big but sparsely populated country.

14.4.4	 �France

French hospital facilities need to perform a minimum annual number of 30 proce-
dures for breast, digestive, urologic and thoracic cancers and of 20 procedures for 
gynecologic and ear-nose-throat (ENT) cancers. These criteria have been imple-
mented to ensure that quality of cancer care is guaranteed and, amongst others, that 
each patient is discussed at a multidisciplinary team meeting. This volume regula-
tion has allowed a reduction in the number of facilities with (very) low annual case-
loads of cancer surgery. However, a recent study in pancreatic surgery underlines 
that centralization has not actually occurred and the majority of patients are oper-
ated on in low-volume centers [17]. A radical centralization of pancreatic resections 
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is currently hardly feasible due to high-volume units being limited in number and 
unevenly distributed throughout France. The same applies to liver surgery [18].

14.4.5	 �Germany

The German Federal Joint Committee established minimum caseload requirements 
for several procedures in 2004 [19]. Currently, this regulation covers seven proce-
dures, two of which in abdominal surgery. A minimal caseload of ten cases per year 
is required for complex esophageal and pancreatic operations [20], knowing that 
still 25% of German hospitals only perform one or two pancreatic resections 
per year.

Surprisingly, German single-center studies suggest acceptable or even excellent 
outcome after surgery. Nationwide this is not the case as has been shown and con-
firmed in different studies [21, 22]. Among 18,000 patients (data from 2009 to 
2014) undergoing esophageal resection for carcinoma in Germany, the adjusted 
mortality rate was 5.8% (95% CI 5.1–6.6) on the very high-volume quintile vs. 
10.5% (9.5–11.6%) in the very low quintile. Hospital volume had an independent 
effect on mortality, and the minimum volume to fall below the average mortality of 
8.5% was calculated as 22 cases per year [23]. National observational studies dem-
onstrated a lower risk of in-hospital death for hospitals adhering to the minimal 
caseload requirements of 10/year [23, 24]. It was calculated that in Germany cen-
tralizing pancreatic procedures could save around 300 lives per year [20]. Minimal 
volume numbers should be legally enforced on a national level but are ignored by 
many providers as this rarely has economic consequences [25]. This reflects a struc-
tural problem as the German hospital landscape is characterized by overcapacity 
and too many small, non-specialized hospitals [26]. According to a recent study 
three steps are imperative towards the introduction of centralization in Germany: a 
significant increase of the annual minimal caseload, consequent enforcement of 
these regulations and no granting of exceptions [9].

14.4.6	 �Ireland

In Ireland in 2006 eight cancer centers were defined whereas surgery for some can-
cer types is restricted to two (pancreas) or four (esophagus, gastric) specialized 
centers. There is no formal centralization for liver cancer surgery, although only 
three centers in Ireland have liver surgical programs.

14.4.7	 �Italy

In Italy, the outcome of pancreaticoduodenectomy in 2003 was significantly depen-
dent on hospital volume. Hence, it was suggested that a policy of centralization may 
be appropriate [27]. Since 2009, Italian hospitals are evaluated by the National 

R. Vonlanthen et al.



151

Outcome Program, which also monitors volume indicators [28]. In parallel, the 
Italian Society of Surgery has attempted to define criteria identifying hospitals able 
to perform complex gastrointestinal procedures [29]. They have made specific pro-
posals for esophageal [30], hepatic [31], pancreatic [29] and colorectal [32] surgery. 
The minimal numbers listed for Italy represent recommendations rather than man-
datory figures (Table 14.1). A centralized model for complex surgeries in Italy is 
unlikely to be realized due to socioeconomic factors [33].

14.4.8	 �Norway

Norway’s health system is under the control of four Regional Health Authorities 
(RHA) of diverse population density, geographical distances, variable inhabitant 
numbers, and absolute number of procedures performed. Recommendations and 
guidelines for cancer surgery were issued by the Norwegian Directory of Health in 
a report in 2015 [34], but there are no enforcements for specified minimal volume 
numbers (Table 14.1). The report foresees a multidisciplinary team approach for 
cancer care and recently a strong centralization was implemented for most cancer 
types. For example, liver and pancreas cancer surgery is restricted to five hospitals 
and esophageal cancer surgery to four hospitals. Each RHA is responsible for the 
implementation, governance and monitoring of cancer surgery and this is usually 
repeated in a 4-year review cycle.

In-hospital mortality for pancreatoduodenectomy in Norway (2012–2016) was at 
2% and the 90-day mortality rate was low (4%) [35]. This good outcome may reflect 
the centralization of pancreatic surgery. Importantly, the resection rates per inhabit-
ant number (i.e., population-based incidence of resections) are equal across all 
regions suggesting an equal service provided to the population [35].

14.4.9	 �Spain

Spain is decentralized and has 17 regional health authorities. As an example, the 
Catalan Health Service (CatSalut) has imposed centralization for digestive onco-
logic surgeries in 2005 [36], which was further reinforced in 2012 by a directive that 
assigned a very limited number of centers for complex cancer interventions based 
on minimal volume of cases and specialization criteria. Peritoneal carcinomatosis 
surgery, retroperitoneal or neuroendocrine tumor management are further examples 
of centralized care organization.

Positive effects of centralization were observed, with reduction of mortality rates 
in esophageal and pancreatic oncologic surgery [36]. Short- and long-term quality 
improvements by centralization and audits were also documented for rectal cancer 
surgery [37, 38]. Audits are performed in Catalonia by the Director of the Oncologic 
Plan every year and results are communicated to each audited center. If an interven-
tion is performed in a hospital not holding a proper mandate, reimbursement 
is denied.
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14.4.10	 �Sweden

Sweden has six Regional Cancer Centers (RCCs) since 2011. The role of this orga-
nization is to contribute to more equitable, safe, and effective cancer care through 
regional and national collaboration. Specialized abdominal cancer surgery is there-
fore concentrated to one unit of each of the six RCCs. Thus, depending on the size 
of the RCC, one hospital for abdominal cancer has a catchment area of one to three 
million inhabitants. However, no minimal numbers are defined for cancer surgery. 
On a national level ten tumor types and surgical procedures have been concentrated 
in two hospitals with a catchment area of five million inhabitants; for gastrointesti-
nal cancer these are: locally advanced pancreatic cancer, advanced esophageal can-
cer, perihilar bile duct cancer, anal cancer, and liver transplantation. Hyperthermic 
intraperitoneal chemotherapy (HIPEC) is still performed in four hospitals.

In a recent Swedish study long-term survival was improved at higher volume 
hospitals for some gastrointestinal cancers (colon, esophagus, pancreas, rectum), 
but not for others (stomach, liver, bile ducts, small bowel) [39]. In another study the 
best predictor of outcome was “teaching hospital” status. The hospital status likely 
serves as an indicator for hospitals with a more complex service and several disci-
plines available to handle complications around the hour [40].

14.4.11	 �Switzerland

Switzerland’s health care system is characterized by a strong decentralized policy. 
The 26 cantons have the authority and autonomy on health care delivery in their 
territory except for highly specialized medicine (HSM), which is regulated by the 
Swiss government (https://www.gdk-cds.ch). Five gastrointestinal operations 
belong to HSM including esophageal, pancreatic, liver, and rectal resections, as 
well as bariatric surgery. In 2012, the minimal volume numbers of ten procedures 
per year were required in each category. Several hospitals with borderline or with-
out a mandate for HSM interventions appealed at the federal court and succeeded in 
delaying the implementation of the required minimal case volumes for some time.

A recent published population-based analysis demonstrates a higher postopera-
tive mortality in low-volume hospitals for patients undergoing esophageal, gastric, 
pancreatic and rectal cancer resection in Switzerland [41].

14.4.12	 �The Netherlands

The Dutch example offers an interesting setting to evaluate the use of minimum 
volume standards and centralization effects over a 14-year period (2003–2017) 
[42]. In 1993, an influential report on the quality and distribution of cancer care was 
published, which triggered nationwide agreements on concentration of complex 
cancer care. Before introducing official thresholds by health policy makers, regional 
hospitals cooperated to simulate centralization on a regional level. However, it took 
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10 years (2003) until the first minimal volume indicators were enforced for opera-
tions on abdominal aortic aneurysm and on esophageal cancer. In 2009, some health 
insurers started contracting based on quality indicators (e.g., volume standards) and 
raised the “quality bar” to distinguish themselves from their competitors. Minimal 
volume criteria for pancreatic resections followed in 2010. This process of enforce-
ment of minimal volume numbers was further accompanied by mainstream media 
activity that raised the awareness of the public for health performance indicators. 
Meanwhile, and partly in response to this development, medical associations pub-
lished sets of comprehensive norms, including minimum volume standards. Along 
the same line, insurance providers generally comply with the same minimum vol-
ume standards as recommended by the professionals’ associations. In 2014 and 
2015, the nationwide mortality rate after pancreatic resections was 3.6% compared 
to 9.8% in 2004. Apart from a decrease in general mortality a major benefit for 
elderly patients (≥75 years) was demonstrated. The excellent outcome of this initia-
tive has led to a further debate on increasing the threshold to 40 or even 60 annual 
pancreatectomies.

14.5	 �Effect of Different Factors on Centralization

High hospital and surgeon volume are relevant factors that affect outcome posi-
tively. Based on these findings there has been a growing tendency to centralize 
complex surgical care in high-volume centers such as esophageal and pancreatic 
resections. Cut-offs for the definition of high-volume centers and minimal surgeon 
volume present a wide range indicating that other key factors than these have a posi-
tive impact on outcome, including specialization, care by multidisciplinary teams, 
coverage by specialists 24 h a day, specialized intensive care units, board-certified 
intensivists, and high nurse-to-patient ratios. The relation between volume and out-
come may follow two scenarios: outcome parameters may follow a plateau after 
reaching a certain volume threshold or may be associated with poorer results, for 
example, when the infrastructure is at its limit. These has been extensively dis-
cussed in a recent paper [7].

Another mechanism for improved outcome at larger centers is the concept of 
“failure to rescue”. Although low- and high-volume hospitals may have comparable 
complication rates, high-volume hospitals have a 2.5  ×  lower mortality rate. An 
explanation therefore might be that high-volume hospitals have more resources 
which grant the ability to rescue a patient from major complications [6].

14.6	 �Patient Perspective on Centralization

In a Swedish study the most relevant factor in the patient’s perspective on cen-
tralization is quality of care (outcome) [43]. Additional factors such as well-
functioning care pathways, individualized care plans, continuity of treatment 
with local providers, accessibility for contact and information, involvement in 
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the care process, and limited waiting time are also important for patient satisfac-
tion. One disadvantage of centralization is an increase in travel demands, there-
fore also perceived as limited access to high-quality care with greater distance 
from relatives. So, patients in England were willing to travel on average 75 min 
longer in order to reduce their risk of complications by 1%, and over 5 h longer 
to reduce risk of death by 1% [44]. In cancer services in England factors that 
matter to patients and health care professionals are: highly trained staff, likeli-
hood and severity of complications, waiting time for cancer surgery, and access 
to staff members form various disciplines with specialized skills in cancer care 
[45]. The different stakeholder groups identified similar factors as being impor-
tant but there was considerable heterogeneity in ordering the relevance of these 
factors.

According to studies from the USA patients’ hospital selection by outcome data 
might be overestimated [46, 47]. In the case of centralization, travel patterns [48], 
socioeconomic status (e.g., household income) and race [49] have to be considered 
in multicultural countries such as the USA [50, 51]. These findings may also apply 
to European countries.

14.7	 �Surgeons’ Perspective on Centralization

Dutch surgeons have gained experience of volume-based policies over the past 
two decades [52]. The majority supports that more volume leads to better out-
come after surgery. They critically emphasize, however, that hospital volume is 
more a surrogate marker for the quality of the infrastructure and processes, rather 
than the performance of individual surgeons. Many surgeons complained about 
the arbitrary nature of the centralization process due to the under-representation 
of surgeons in the national committees that define the volume bar. Criticisms 
were also raised that volume bar levels were set without sufficient evidence. 
Furthermore, several committee members had obvious conflict of interest as they 
were employees of high-volume centers. Another complaint related to the “gate 
to surgery”, i.e., indications, which became a little wider to reach the requested 
volume threshold. Most of interviewed surgeons also criticize the attitude of 
health insurers in misusing volume discussions to increase pressure on health 
care providers.

14.8	 �Centralization and Surgical Training

Moving toward centralization means also facing new challenges for proper training 
and the requirement for the development of harmonized models for the training of 
the next generation of medical specialists. The Union Européene des Médecins 
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Spécialistes (UEMS; www.uems.eu) contributed to the improvement for postgradu-
ate training through the development of a European Curriculum in each medical 
specialty. Today more than 30 disciplines have European examinations. While they 
are still not to be considered formal qualifications, some countries recognize 
European examinations today as part of their national examination (e.g., 
Switzerland). However, accreditation of training programs with formalized and 
quality-controlled fellowship training as in the USA is still in early development. 
The need for designated and specialized post-residency training is evident in the 
USA with more than 70% of residents entering a formal training program in a surgi-
cal specialty after residency [53].

The tremendous and incessant advances in novel technology (e.g., robotics) 
requires continuing medical education and continuing professional development to 
secure optimal patient care. Here the importance of postgraduate education and the 
increasing need for training and accreditation for new technical skills cannot be 
overemphasized.

In parallel, working hour restrictions, as implemented in many countries, 
make adequate and timely surgical and subspecialty training increasingly diffi-
cult [53]. Further we notice in most European countries that the total number of 
hospitals is decreasing. These developments imply that postgraduate training 
must be guided and monitored on a national level. Highly specialized proce-
dures should be performed exclusively in a restricted number of centers and by 
surgeons with extra—and possibly accredited—training in a specific area of 
surgery. But complex procedures should not be excluded from “general” surgi-
cal training. An adequate balance of general and specialized surgeons must be 
well planned in a health care system to maintain accessibility to high-quality 
health care in all geographic areas in a country. Networking between highly 
specialized institutions and other hospitals seems to be a factor to optimize 
accessibility of care to patients.

14.9	 �Recommendations for Centralization in Surgery 
in Europe

In 2018, Members of the European Surgical Association (ESA) presented 12 recom-
mendations (Table 14.2) for centralization in surgery at their annual meeting. The 
proposal based on a Delphi process came after an intensive review of the available 
data regarding volume-outcome, failure to rescue, and benchmark studies. The rec-
ommendations are simple statements applicable to various health care systems in 
Europe and may serve as a basis for discussions in various areas to improve health 
care delivery (Table 14.2) [7].
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14.10	 �Conclusion

In conclusion, centralization and volume-outcome data are inherently associated 
with some limitations. Studies in this field are mostly observational, retrospective, 
and are based on administrative data collected for other purposes. Centralization 
policies are more or less implemented in many European countries but are not read-
ily found in the literature, which makes comprehensive overviews difficult [7, 35]. 
The process of centralization is obviously of great importance to offer better care to 
patients suffering from complex diseases requiring special expertise and costly 
technology. Patient and health care professionals have similar perspectives in this 
regard but there is a certain heterogeneity in ordering the relevance of these factors. 
The 12 recommendations of the ESA members may serve as a basis for discussion 
in various areas to improve health care delivery.
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15.1	 �Challenges in Studying Volume-Outcome Relationship

The earliest report of a volume-outcome relationship in surgery dates to the 1970s 
when Luft et al. [1] showed higher mortality rates in patients who underwent high-
risk, complex operations at low-volume centers. Since then, hundreds of population-
based studies have followed [2–5]. In the US, the most frequently cited 
volume-outcome studies have used large administrative datasets involving data 
from the Centers for Medicare and Medicaid Services (CMS), the National Inpatient 
Sample (NIS), and the Surveillance, Epidemiology, and End Results Program 
(SEER). In the aggregate, the studies have reaffirmed the correlation between surgi-
cal volume and outcomes to varying degrees across multiple surgical specialties and 
operations. However, no national policy exists mandating volume minimums for 
hospitals or surgeons because all these studies face several challenges [6–8].

First, although the volume-outcome association is relatively simple to investigate 
when it comes to operative volume and patient mortality, this correlation has been 
usually limited to within the hospital stay or 30 days postoperatively, a limited time 
horizon. Furthermore, complications, length of stay, readmission, reoperation, dis-
charge destination, postoperative functional status, patient satisfaction, and long-
term outcomes may be more appropriate variables to study this correlation. Very 
few studies have examined whether the volume-outcome association extends to 
these other outcomes or over longer time periods.
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A second challenge is posed by the absence of clear agreement on “low” versus 
“high” volume centers. Volume thresholds are set arbitrarily because no study has 
been able to rigorously determine precise volume thresholds above which outcomes 
clearly and causally change. Ravi et al. [9] conducted a cohort study in Canada that 
revealed a minimum annual threshold of 35 total hip arthroplasties per surgeon to 
decrease the risk of dislocation and revision. Using identical methods, Adam et al. 
[10] identified a surgeon volume threshold of 25 annual thyroidectomies that was 
associated with improved patient outcomes. Unfortunately, both studies utilized a 
methodology that is not statistically robust; and, no thresholds have been identified 
at the hospital level [11, 12]. Volume thresholds in different studies are based on 
administrative data, expert panels, percentiles, or literature review and may differ 
not only from study to study but also from operation to operation. For example, 
when LaPar et al. [13] analyzed volume as a continuous variable, they identified no 
volume-outcome relationship. It is likely that a volume-outcome relationship is 
mathematically asymptotic and does not inherently include an inflection point.

A third challenge is represented by the fact that the volume-outcome relation-
ship, well-established in the aggregate at a hospital level, does not maintain its rela-
tionship at the individual surgeon level. In other words, there may be surgeons with 
low volume and good results and surgeons with high volumes and consistently 
higher morbidity and mortality. This hypothesis is difficult to analyze due to the low 
statistical power of small numbers. It is surmised that low volume surgeons may 
have excellent outcomes because of experience or because they perform a high vol-
ume of similar operations requiring similar technical skills [14].

15.2	 �Challenges in Centralizing Surgical Care in the USA

Despite these challenges, the abundant literature in favor of the volume-outcome 
relationship has spurred an interest in centralization (or regionalization) of surgical 
care in the US. Consideration to regionalize certain high-risk operations did not 
occur until the Institute of Medicine (IOM) report in 1999 sparked the formation of 
the Leapfrog Group, a conglomerate of businesses that sought better healthcare 
transparency for their employees. This healthcare watchdog organization initially 
set volume standards for five high-risk procedures and has now expanded to eight 
procedures with volume thresholds for both hospitals and surgeons [15].

Recently, the “Take the Volume Pledge” campaign, led by Dartmouth-Hitchcock 
Medical Center, the Johns Hopkins Hospital and Health System, and the University 
of Michigan Health System, reignited the volume standard debate after being pub-
licly announced on May 18, 2015 in U.S. News & World Report [16]. Yet, a recent 
article [17] has found that the Leapfrog Group’s minimum volume standards did not 
differentiate hospitals based on mortality for three high-risk cancer operations 
assessed (esophageal, lung and rectal resections) at hospitals meeting the volume 
standards, with mortality rates consistently lower only after pancreatic resections.

Although commendable, mandating that certain operations are performed only 
in high-volume centers has consequences for patients, families and providers. 
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Patients and families may be exposed to increased travel distance and time, increased 
cost of travel, prolonged wait times, inability to seek local emergency care, limited 
access to routine surgical care, and fragmentation of the continuity of care when 
complications from a complex operation arise. Several key studies have examined 
the burden of increased travel distance and time on patients referred to high-volume 
centers [18, 19]. In addition, obtaining care near home is of particular importance to 
many patients, especially as they age. For example, Liu et al. [20] demonstrated that 
driving distance in rural locations likely remains the main reason why patients 
choose to undergo complex cancer operations at a low-volume center. Studies 
examining other consequences and ramifications to patients are ongoing. No study 
to date has comprehensively examined patient referral patterns or surveyed patient 
decision-making [21].

A policy of centralization may also have consequences on the surgeons, surgical 
teams and hospitals [22]. As more patients are referred to high-volume centers, 
resources of high-volume centers may become stressed and resources to low-volume 
hospitals in the more isolated and underserved areas may be further depleted. In 
addition, surgeons may become inadequately prepared to perform complex opera-
tions in emergent situations, or they may even become unfamiliar with complica-
tions from complex operations performed at high-volume hospitals. These 
unintended consequences need to be considered when considering health policies 
that regionalize healthcare in the US.

15.3	 �The Role of the American College of Surgeons

In recognition of these challenges, the American College of Surgeons (ACS) created 
a task force in 2015 to reexamine the contemporary relationship between volume 
and outcomes in order to give guidance in terms of credentialing and privileges for 
surgeons. The task force reviewed the literature on the subject and wrote a state-
ment, which was approved by the ACS Board of Regents at their meeting in February 
2018 and published online on April 1, 2018 [23]. An excerpt from the statement is 
worth reproducing: “For some ‘complex’ procedures, published evidence suggests 
that a high case volume is associated with improved surgical outcomes. However, 
these outcomes may reflect not only the knowledge, experience, and skill of the 
individual surgeon, but also the aggregate ability of the institution and hospital staff 
to provide high quality care for specific groups of patients. Thus, while high case 
volume of a particular ‘complex’ procedure is usually associated with better surgi-
cal outcomes, these two are not synonymous. It is well documented that some sur-
geons performing a relatively low volume of the procedure also achieve excellent 
outcomes” [23].

Currently, the ACS is in the process of creating several manuals for optimal 
resources for high-risk, complex operations (gastrointestinal surgery, thoracic 
surgery, vascular surgery, emergency general surgery) to add to the already exist-
ing manuals for trauma, cancer, pediatrics, and geriatrics. This movement is in 
recognition that, independent of volume, the safety and quality of surgical 
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procedures depend on surgeon and professional staff training, surgeon experi-
ence and skills, the available institutional resources, and the ability to validly 
measure surgical outcomes. These manuals offer standards for structures, 
resources and processes of care, which can be measured for continuous quality 
improvement.

15.4	 �Centralization Trends in the US Hospitals

Although the US does not have policies that centralize surgical care, there are emerg-
ing data that high-risk procedures are done less and less frequently at low-volume 
hospitals [17]. In a recent study on pancreatoduodenectomies (PD) in New York, 
Florida and California from 2002 through 2012, there was a decrease in the number 
of low-volume centers and an increase in the number of higher-volume centers per-
forming PD [24]. In fact, a high number of low-volume centers stopped performing 
PD cases altogether over the study period. This and other studies support the state-
ment that centralization of high-risk procedures is occurring in the US. This was well 
demonstrated by a similar study in Washington State with the intent of documenting 
“migration” of more complex operations from low- to higher-volume centers [25]. 
The authors analyzed three operations (pancreatectomy, esophagectomy, and abdom-
inal aortic aneurysm repair) in all 65 hospitals in Washington State for the 7 years 
before and 7 years after the Leapfrog recommendations. The authors demonstrated 
that migration occurred in 80% of those cases done in high volume hospitals by the 
end of the study. The study also identified that the patients that did not “migrate” 
were poorer and had higher comorbidities, thus yielding a higher mortality in the 
hospitals where they had to stay. The authors concluded that the migration did not 
improve results overall when mortality was viewed across the entire state.

Importantly, centralization in the US is occurring at a speed that is sensitive to 
many other considerations (e.g., population access and preference, financial and 
coverage issues, existing capacity in high-volume hospitals) rather than by fiat. 
Anecdotally, surgeons in low-volume hospitals are doing as much as they can to 
direct high-risk, complex operations to high-volume centers regardless of external 
impositions and, at the same time, they find themselves caring for high-risk patients 
because of patient’s preferences or other constraining circumstances.

15.5	 Conclusions

Improvements are certainly needed. It is likely that in the near future the American 
College of Surgeons will indicate a minimum number of high-risk cases to be per-
formed in order to maintain verification in its quality programs. It may also be that 
in the future payers may use different tactics to steer patients to high-volume cen-
ters. Yet, it is likely that the ultimate solution for the US will be a balance between 
centralization of high-risk procedures to high-volume centers and nationwide 
improvement of the structures, resources and processes of care at low-volume cen-
ters, where a large percentage of the US population still receives surgical care.
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Assistance to Cancer Patients:  
Their Point of View

Antonio Gaudioso, Valeria Fava, and Tiziana Nicoletti

16.1	 �Civic Engagement and Health Promotion in Italy

Cittadinanzattiva is a movement of civic engagement established in 1978 and oper-
ating both in Italy and in Europe in the protection of human rights, the promotion 
and exercise of civil, social and political rights of citizens, and support for individu-
als who need help.

Our mission is related to the last paragraph of Article 118 of the Constitution of 
the Italian Republic, integrated in the 2001 constitutional reform. Article 118 recog-
nizes the autonomous initiative of citizens, both individually and associated, in car-
rying out activities of general interest and, based on the principle of subsidiarity, 
requires the institutions to favor active citizens.

Our role is to report deficiencies, abuses, and non-fulfilments and act to prevent 
these from happening again through changes in society and behavior, as well as 
through the promotion of new policies and the implementation of laws and regula-
tions. We believe that “acting as a citizen is the best way to be one”, or better, that 
the action of citizens aware of their powers and responsibilities is a way to strengthen 
our democracy, protect our rights and promote the daily care of our common 
heritage.

Our objectives are to:

•	 empower citizens to participate in public policies by enhancing their skills and 
their point of view;

•	 protect citizens by preventing injustices and unnecessary suffering;
•	 inform and change behaviors harmful to the general interest;
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•	 implement the rights recognized by the law and favor the recognition of 
new rights;

•	 protect and take care of our common heritage;
•	 provide citizens with the appropriate tools in order to take action and communi-

cate at a more informed level with the institutions;
•	 build alliances and collaborations necessary to resolve conflicts and pro-

mote rights.

In particular, Cittadinanzattiva—with its networks, such as the Tribunal for 
Patients’ Rights and the National Coordination of Chronic Patients’ Associations—
protects and promotes the rights of citizens in health and welfare services with the 
aim of contributing to a more humane, effective and rational organization of the 
National Health Service.

16.1.1	 �Tribunal for Patients’ Rights

The Tribunal for Patients’ Rights (TDM, Tribunale per i diritti del malato) is an 
initiative of Cittadinanzattiva, established in 1980, to protect and promote the rights 
of citizens in health and welfare services and to contribute to a more humane, effec-
tive and rational organization of the National Health Service. The TDM is a network 
made up of ordinary citizens, but also of operators from a wide range of services as 
well as of professionals who commit on a voluntary basis (ca. 10,000).

We operate through:

•	 about 300 local offices, covering all of Italy, in hospitals and local services;
•	 a central organization which coordinates the network’s activities and promotes 

national initiatives;
•	 national, regional and local thematic groups, linked to specific programs;
•	 regional coordination, support for local networks and for the promotion of 

regional policies for the protection of health rights;
•	 an integrated health protection project (PiT Salute, Progetto integrato di tutela 

della salute), providing information, consultancy and assistance for citizens on 
health and social services, active at national, regional and local levels; the PiT 
Salute services collect around 25,000 reports each year, which have been pro-
cessed and published in the annual Rapporto PiT Salute since 1997.

The activities of the TDM are aimed at finding solutions to eliminate unneces-
sary suffering and injustice, organizing public protests and resorting to the judicial 
authority, thus favoring the exercise of the powers to understand each situation, 
mobilizing consciences, redressing institutional setbacks, and finally achieving as 
promptly as possible concrete changes in order to amend rights which have been 
violated. Integral parts of the TDM activities are the promotion and implementation 
of policies aimed at asserting the point of view of citizens in the reform of health 
welfare.
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As part of its overall objectives in contributing to the improvement, quality and 
humanization of health services, TDM’s key objectives are:

•	 to guarantee that when citizens need assistance, advice or help in asserting their 
legitimate expectations, they have both the tools and the opportunities to obtain 
the protection of their rights;

•	 to promote civic engagement, so that citizens themselves are actors in the fore-
front for the protection of their health rights, both through TDM and through 
civic engagement in the health sector.

16.1.2	 �National Coordination of Chronic Patients’ Associations

The National Coordination of Chronic Patients’ Associations (CnAMC, 
Coordinamento Nazionale delle Associazioni dei Malati Cronici) is a network of 
Cittadinanzattiva established in 1996, and is an example of a transversal alliance 
between Associations and Federations of people suffering from chronic and rare 
diseases for the protection of their rights. It defines and pursues common social 
and health policies based on an integrated and coherent protection; it acts as a 
platform for requests and proposals forwarded by associations; it favors the 
exchange of positive experiences also among organizations; it organizes training 
programs for the growth of leadership. The CnAMC has currently more than 100 
member associations. Every year it produces a National Report about the policies 
of the Chronic Care Act to focus attention on the many critical issues of public 
health care of people with chronic and rare diseases and their impact on their 
families. The Report is a platform based on the requests, expectations and propos-
als of the Associations which are part of the CnAMC and aims at overcoming any 
difficulties encountered. Moreover, it is implemented through the participation 
and active collaboration of Patient Associations which provide information on the 
recommendations forwarded by its members and on the experiences of citizens’ 
care programs.

16.1.3	 �Our Commitment to Protecting Cancer Patients

Cittadinanzattiva has been continuously promoting for several years now projects, 
information and awareness-raising campaigns for people with cancer, and is com-
mitted to strengthening the power of intervention of citizens in public policies 
through empowerment and making their voices heard, by collecting and disseminat-
ing good practices, evaluating services and providing civic information (surveys 
and civic monitoring), as well as promoting ad hoc assistance policies.

One of the distinctive features of Cittadinanzattiva’s work has always been the 
implementation of actions aimed at promoting cultural change and the creation of 
collaborations and synergies, involving all actors, from patient associations and 
healthcare professionals, to health companies and institutional representatives.
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Our objective is to network, share good practices, identify and better focus on 
problems, solutions and proposals in order to improve the quality of care and 
encourage the empowerment of individual and associated citizens.

Regarding cancer, over the years we have promoted several activities such as:

•	 a survey on home-based cancer care and the fight against unnecessary pain;
•	 campaigns for empowerment;
•	 protection of citizens’ rights;
•	 promotion of good practices through the Andrea Alesini Award;
•	 civic audits;
•	 the civic observatory on federalism in health;
•	 civic monitoring of oncological centers [1];
•	 reports on various topics of the service provided by National Health System, 

such as the personalization of care, respect for time, and informed consent in 
oncology [2] and the organization of hematology-oncology day units [3];

•	 the recent exploratory pilot survey on the services for genetic tests [4].

16.2	 �Challenges for the Future

The incidence of tumors in the Italian population is high, although it has shown a 
decline in the last period: the estimate for 2019 is 371,000 diagnoses (196,000 men 
and 175,000 women), as against 373,000  in 2018, equal to a decline of 2000  in 
12 months [5]. Epidemiological data show a trend to be considered: around 1000 
people are diagnosed with cancer every day; this is a significant number that under-
lines the burden of oncological diseases and the continuous effort to improve the 
survival rate of patients not only in quantitative terms, but also in terms of quality 
of life.

In fact, medicine and research have identified increasingly effective tools and 
actions aimed at each unique case, from prevention and early diagnosis to therapy, 
in order to improve the prognosis for each person in terms of survival. Nowadays, 
new diagnostic methods are rapidly revolutionizing the therapeutic approach to can-
cer, based on molecular analyses together with the interpretation of big data and the 
availability of new drugs. Data from the genetic profile of a patient’s tumor can now 
be analyzed in order to offer the most suitable therapy for that specific patient at that 
time, in a process known as personalized medicine. The term “personalized medi-
cine” has its own specific meaning indicating, beyond individual genomic charac-
teristics, a methodology that provides an overall evaluation incorporating other 
individual characteristics, such as gender, ethnicity, lifestyle and comorbidity, in 
order to qualitatively, quantitatively and in terms of time adapt prevention, diagno-
sis or therapy according to the single patient’s needs. Treating a patient increasingly 
means taking care of that patient, with his or her characteristics and individual 
response to drugs, with everything that makes him or her unique even though suffer-
ing from a disease common with others.

A. Gaudioso et al.



171

Another rapidly developing area is genetic testing. An example is the BRCA test. 
Adoption of the BRCA genetic test in the prevention and treatment of breast and 
ovarian cancer began almost 20 years ago, soon after doctors started to understand 
its importance. Thanks to clinical research carried out by several research institutes 
and universities, the BRCA test became immediately available in Italy and several 
centers throughout the country have been efficiently offering it since then. This 
marked the beginning of a new branch of medicine was born, referred to as “onco-
logical genetics” or “oncogenetics”, which brings together the skills of the geneti-
cist and those of the oncologist in order to foster new knowledge on the hereditary 
predisposition to tumors in clinical practice, both for patients with hereditary cancer 
and for healthy subjects who are at greater risk of cancer since they are genetically 
predisposed. In recent years there has been a rapid expansion of the use of the 
BRCA test which has not been accompanied by an increase in the health system’s 
capacity to train experienced professionals in the sector. The difficulty of transfer-
ring the necessary expertise to a large number of professionals regarding a new, 
little known and rapidly evolving field has affected all countries, not just Italy.

Besides in-depth knowledge and the best diagnostic and therapeutic opportuni-
ties, what is always important is the overall care of the patient, and early recognition 
of his or her physical, functional, social, psychological and rehabilitative needs, 
prevention and control of symptoms related to the disease or therapies, as well as 
the relevance of care, all issues that will need to be tackled in the near future.

Today oncologic diseases are becoming increasingly “chronic” since more and 
more people are affected, so that great efforts must be made to improve their quality 
of life. Taking care of patients means guaranteeing a systemic pathway, one that is 
accessible, timely, and attentive to individual needs and to the context in which the 
patient lives.

16.3	 �Priorities for Cancer Patients

From the data collected, the critical points and difficulties for a patient suffering 
from cancer are considerable. Our latest survey of the issues related to cancer 
patients shows an analysis of data from the PiT Salute daily reports and from the 
headquarters of the Tribunal for Patients’ Rights of Cittadinanzattiva as well as an 
analysis of data from oncology monitoring carried out on 63 oncology centers, 46 
oncology day hospitals and about 1000 patient interviews. The data analyzed 
allowed us to trace the level of care to cancer patients through the strengths and 
weaknesses of our health system.

In the survey we followed the progress of a cancer patient through access to 
services for diagnosis and treatment, how the centers managed the patient by 
guaranteeing a multidisciplinary approach, directing him to the currently avail-
able services, helping with paperwork and with the transition from hospital to 
home, while ensuring respect of the individual, his psychological needs and per-
sonalization of care.
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The XXI Rapporto PiT Salute [6] highlights a number of sensitive issues for the 
year 2017:

•	 long waiting lists for cancer surgery: 13.2%;
•	 long waiting lists for specialist visits: 9.9% with about an 8-month waiting list;
•	 long waiting lists for diagnostic tests: 16.8%;
•	 long waiting lists for chemotherapy and radiotherapy: 10%;
•	 access to drugs: 10.7%;
•	 healthcare mobility: oncology ranks first with a relative figure of 38.7% of 

the total;
•	 difficulties regarding hospital care: 19.2%.

The first problem regards access to diagnostic, therapeutic and surgical opera-
tions related to cancer. Over one in ten citizens who contact us report long waiting 
lists for diagnostic tests (e.g., on average 13  months for a mammography and 
9 months for a colonoscopy) and for surgery. The percentage of citizens with long 
waiting lists for specialist visits (about 8 months on average) and also for chemo- 
and radiotherapy is slightly lower (10%). Waiting lists are not guaranteed every-
where, even in the case of emergencies: about one-fourth complain of having waited 
to access diagnostic and specialist services in the case of diagnostic suspicion more 
than the 72 h set by the National Plan on waiting lists [7], and about 13%, after the 
diagnosis, waited for more than 60 days for surgery. Regarding how quick a diagno-
sis is made, Italy has further critical issues related to prevention through organized 
screening programs. The latest report on the Coordination of Public Finance 2018 
shows a persistent significant geographical discrepancy. As a rating of 9 is consid-
ered a satisfactory assessment (defining a Region fulfilling all prevention actions set 
by the Essential Levels of Care), there are five Regions that do not reach acceptable 
ratings: Calabria (2) Puglia (4), Campania and Sicily (3), and Sardinia (5) against a 
rating of 15 for Valle D’Aosta and Veneto. The reason for these differences are 
manifold (cultural, organizational, accessibility to services, etc.), but one of the 
most important is undoubtedly that of “active calls”, i.e., informing the target popu-
lation, which is ineffective in many Regions of southern Italy and is not able to 
reach every citizen.

Regarding access to drugs, although most of the monitored facilities (42%) 
respond that on average the inclusion of new drugs in the hospital formulary (the list 
of drugs actually available to patients) is almost immediate (0–15 days), in many 
cases it can also take several months: 7% from 3 to 4 months and 9% from 4 to 
6 months. The same must be said for the inclusion of so-called innovative drugs in 
the formulary: on average 60% are available after 1 month, more than a quarter after 
2 months, and 2% after more than 6 months. The reason for this is almost always 
Italian excessive red tape regarding access to medicines, so effective provision of 
drugs to patients goes through too many, often redundant, phases that inevitably 
extend supply times. Another consideration is related to the costs of therapies for 
innovative cancer drugs that often affect the budgets of regional and hospital medi-
cine supplies. Therefore, the Italian Budget Law has allocated, through the 2017, a 
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fund of one billion euros to be distributed to the Regions in order to allow more 
widespread access to innovative therapies.

As for accepting a patient immediately after a diagnosis, 90% of facilities act 
promptly and 50% assign the 048 exemption code, a code provided in Italy to guar-
antee free diagnosis and treatment of cancer.

Eighty-nine percent of the centers monitored guarantee a multidisciplinary team 
in case management, ensuring participation of all specialists directly involved in the 
therapeutic diagnostic pathway. Nonetheless, there are a series of inconsistencies, 
i.e., not always being able to guarantee some professional key figures in the multi-
disciplinary team: in 80% of cases a social worker and the family doctor are miss-
ing, in 66% the nutritionist, in 55% the pain therapist or palliative care specialist, in 
38% the psychologist. Also case managers are guaranteed in only one in three 
centers.

Regarding patient assistance, the time and quality of information received dur-
ing the first visit is a sore point: about one person in four considers the informa-
tion and the time reserved just about sufficient or inadequate. About one-third say 
that they have not received an appointment for further consultations or investiga-
tions required by the specialist, but have to go back to the general practitioner for 
a prescription or book an appointment independently through a booking center. In 
one day-hospital out of five there is no phone service to report emergencies, prob-
lems caused by the therapy or to ask for advice, so patients have to refer to the 
Emergency Department.

After being discharged from hospital, more than one citizen out of four com-
plains about the lack of responsiveness at community level, in part because just over 
one-third of facilities have a person to refer to who can continue to provide care.

Regarding humanization of care, although most of the facilities monitored claim 
to guarantee attention to pain as required by Law 38/2010 [8] as well as personal-
ized care, 75% of patients do not immediately carry out psychological assessments 
and 66% do not provide programs to protect the reproductive function in cancer 
patients. Furthermore, in helping patients with red tape, 40% of citizens complain 
of lack of support in administrative procedures, e.g., for the issuing of prostheses 
and aids, or certification of civil disability and handicap or co-payment exemptions.

Those who are struggling with cancer, whether patients or family/friends caring 
for them (caregivers), bear a considerable burden both economically and in terms 
of time.

Work-care relationships are affected by considerable stress and changes for both 
patients and caregivers: both have to reorganize their lifestyles to adapt to new 
schedules and rhythms, as well as to more demanding health needs. Both patients 
and caregivers have often to give up work during the treatment, with all the resulting 
consequences, economic and other.

Sixty-eight percent of patients interviewed as part of our monitoring program 
need the assistance, for example for day hospital therapy, of a family member, who 
works in 56% of cases. This clearly shows the impact the time spent inside the day 
hospital has on the life of both patients and families. Patients and family members 
tell us of the many difficulties they have in adjusting the rhythms of daily life to the 
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need for care, asking for treatment permits, having to give up free time activities in 
order to be able to care for or support one’s loved one in a moment of need.

In many cases people feel they are just numbers on a list, a bed, and not human 
beings with their own dignity, feelings and personal history. There is still too little 
training and selection of personnel for patient management, not only from a clinical 
point of view, but also from a human one. Personalized medicine and the humaniza-
tion of care are the two challenges for the future. We need to adapt medical care to 
people’s needs, which are many and varied, especially in the more internal areas and 
in our cities, in order to guarantee transparent access to innovation and a program of 
humanization of care which includes also the needs of people, as well as quick 
accesses and organization of services as befits a civil and civilized country.

Setting up oncology networks is a further challenge. Oncology networks are 
defined by the Ministry of Health as “the best model for oncology” but are active in 
only a few Italian Regions: Piedmont and Valle d’Aosta, Lombardy, Veneto, 
Tuscany, Umbria, Liguria, the autonomous Province of Trento, Puglia and 
Campania.

The Reviewed Organizational Guidelines and Recommendations for the 
Oncology Network, which integrates acute and post-acute hospital care with com-
munity programs, envisages a series of key points, guaranteeing equity of access to 
care and early admission to care, based on epidemiological evidence, analysis of 
needs and of the population; understanding all the parts in the network; being con-
sistent with national accreditation and hospital standards. We strongly believe that a 
key point for a humanized approach to the care of cancer patients is to support them 
by managing and solving all bureaucratic barriers (unjustified long waiting lists for 
booking tests and/or visits, carrying out diagnostic-therapeutic procedures, collect-
ing medical reports, etc.), making life easier and allowing patients to face their 
upcoming treatment.

The regional cancer network, which we hope will be implemented for patient 
management and which will necessarily have to connect to other regional networks, 
must serve as a bridge for continuity of care between the hospital and the commu-
nity, an organizational model with a multidisciplinary approach integrating special-
ist care with a “specialized cancer team” for the clinical management of patients, 
sharing care programs and guaranteeing fair access to treatment and an early admis-
sion to hospital.

The perspective is precisely that of a health system based on the principles of 
efficiency, effectiveness, quality and safety which must first of all create programs 
to manage all the phases of the disease in the most appropriate way: those that 
require hospitalization in special high-complexity referral centers; those that require 
hospitalization in less complex centers, or treatments carried out at the patient’s 
home with the family doctor, with consequent significant psychological and practi-
cal advantages for the patient.
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Centralization and the Accreditation 
Process: A Mutual Relationship

Matteo Donadon, Grazia Maria Attinà, Elena Vanni, 
Pierluigi Marini, and Marco Montorsi

17.1	 �Introduction

In the previous chapters of this book, some of the world-wide experts on different 
fields of surgical oncology addressed the significance of the volume-outcome rela-
tionship, highlighting what is good and what is less good in such a union. While 
some conclusions are data-driven and straightforward, others are extrapolated and 
more complicated to be translated into clinical practice. As previously stated, in the 
context of different health systems worldwide, from national health systems to pri-
vate insurances, there are different stakeholders—politicians, patients, surgeons, 
institutions and medical associations—whose needs do not always match. Moreover, 
clinicians and organizations have to find a balance between the demand for high-
quality surgery and the current inadequate reimbursements for most of the general 
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oncological surgical procedures which, together with the contraction of public fund-
ing for the Italian National Health System (NHS), make it difficult to implement 
quality. Starting from case studies of the reimbursements for hepatopancreatobiliary 
(HPB) surgery and colorectal cancer (CRC) surgery, this last chapter will focus on 
some important issues including the accreditation process and put forward some 
practical proposals that will hopefully serve as a constructive action plan.

17.2	 NHS Reimbursements: Case Studies on HPB Surgery

The high-quality care granted by high surgical volume, coupled with the ability to 
measure clinical outcomes, is the direct consequence of a system of care [1]. 
However, the system of care implies that all types of resources, including facilities, 
services, health professionals as well as organization administration and managers, 
should be dedicated to only a few specialized subjects and should cover all the 
phases of the care cycle. In this sense, the reimbursement system should take into 
consideration not only the caseload but also the quality of care. Unfortunately, the 
reimbursement system in Italy does not consider the quality of the results.

Italian hospitals are currently reimbursed according to some discharge fees that 
are based on the diagnosis-related group codes (DRG–ICD-9-CM, version 24). The 
current coding system does not separate hepatobiliary from pancreatic procedures, 
and only one code is available. Table 17.1 shows the current values for HPB surgery 
in Italy. As is known, there are two types of reimbursements depending on the pres-
ence of complications, with the NHS providing a larger reimbursement in cases 
with complications. However, when comparing these values with the actual 
resources absorbed in the care process, it is evident that the reimbursement system 
should be revised. Notably, these resources may be divided into those which absorb 
hospital assets (i.e., beds, operating rooms, equipment and in general all the other 
finite resources) and those generally considered running costs (i.e., drugs and mate-
rials). The first resources are limited since they are in competition with other hospi-
tal units, while the second do not have an impact on the availability of physical or 
scarce resources. As detailed in Table 17.1, the estimated average costs for a single 
inpatient episode of HPB surgery, either with or without complications, exceed the 

Table 17.1  Current values and costs for HPB surgery at the Humanitas Clinical and 
Research Center

Reimbursementa

Average 
costsb Delta

Pancreas, liver, and 
shunt procedures

With complicationsc 18,833 € 21,535 € –2702 €
Without complicationsc 7549 € 11,326 € –3777 €

HPB hepatopancreatobiliary
aValues for a single episode of inpatient HPB surgery according to the DRG-ICD-9-CM, version 24
bAverage of real costs of 1 year of episodes as calculated by the Office for Management Control
cComplications mean the presence of a secondary diagnosis of a condition that was present when 
the patient was admitted to the hospital (comorbidity) or one that developed during the hospitaliza-
tion (postoperative complication)
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amount reimbursed. Intriguingly, the costs are not simulated, being expressed as the 
average of real costs of 1 year of episodes as calculated by the Office for Management 
Control of Humanitas Clinical and Research Center—IRCCS (unpublished data). 
In contrast to HPB surgery, the Italian situation for CRC surgery is different. Indeed, 
considering that the running costs in CRC surgery are usually lower than in the case 
of HPB surgery, in which the use of albumin, expensive antibiotics and blood com-
ponents is more common, and considering also that the amount of the reimburse-
ments for laparotomic and/or laparoscopic colectomy are much more balanced, it 
follows that most HPB surgery is currently operating at a loss, while most CRC 
surgery is operating at least at the break-even point (data unshown).

The unsuitability and insufficiency of the current NHS reimbursements is even 
more evident when considering the application of new innovative surgical proce-
dures. In CRC surgery, the application of the novel approach named Transanal Total 
Mesorectal Excision, which has emerged as an alternative to the traditional abdomi-
nal approach for rectal cancer, is associated with a significant cost increase of 
approximately €1000 per patient (unpublished data). Such an increase makes the 
large-scale application of these procedures not sustainable.

Paradoxically, the current NHS reimbursements do not enhance either the 
research and development applied by high-volume centers or the quality of the sur-
gery provided. However, a long-term strategy should include also a reward for the 
quality of surgical outcomes, as defined by the value-based healthcare perspective 
[2]. Following this perspective, value is defined as the health outcomes achieved in 
relation to the cost of delivering these outcomes [3]. High-quality centers perform-
ing high-volume surgery should be recognized as centers of excellence and should 
receive adequate quality reimbursement.

17.3	 �The Issue of Data Sourcing

Another important issue concerns data sourcing. In general, any new initiative—
especially within the scope of the NHS—should be the result of a process of data-
driven decision-making. To date, the data supporting a positive relation between 
hospital volume and surgical outcome are derived from retrospective studies and 
central government databases, which use administrative codes for procedures that 
do not detail either the complexity of the operation or the complexity (i.e., the mul-
timorbidity) of the patient undergoing the operation. Thus, any conclusion about 
quality outcome measures should be taken with caution. Perhaps, the new 
Observatory on Oncological Networks, which was established in 2019, will help in 
decoding the appropriate indicators to be used in such quality analyses (see Chap. 3).

17.4	 �The Importance of Centralization

The NHS operates, by definition, in a context of limited resources especially when 
central governments reduce the amount of resources allocated to the health services. 
In these conditions, rationalization of the organization of these services based on the 
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volume of care may release resources to improve the effectiveness of interventions. 
The identification and certification of services and providers with high volume and 
quality of care can help to reduce differences in the access to high-quality proce-
dures. However, whether the centralization of complex surgical procedures makes 
full sense being potentially associated with higher quality of care, as sometimes 
reported in the literature, precise criteria on what to centralize, where to centralize, 
and who should be entitled to perform complex procedures are still missing. 
Moreover, as previously reported, the hospital volume acts as a proxy measure for 
technical and nontechnical quality items that require being uncovered in specific 
elements [4–8]. Besides, there is a need for an accurate evaluation of the available 
scientific evidence in order to identify these standards, including the volume of care 
above or below which public and private hospitals may be accredited (or not) to 
provide specific health care interventions.

Since 2009, the National Outcomes Program (PNE, Piano Nazionale Esiti) 
has evaluated the outcomes of Italian hospitals [9]. As expected, the analysis of 
these data showed significant improvements in outcome measures in high-vol-
ume centers for the majority of the interventions recorded. In some cases, the 
improvement in outcomes remained gradual or constant with the increasing vol-
ume of care; in other cases, the analysis allowed the identification of threshold 
values beyond which the outcome does not improve further [9]. However, knowl-
edge of the relationship between the effectiveness and costs of treatments and 
knowledge of the geographical distribution and accessibility to health care ser-
vices are necessary for defining the minimum volumes of care, under which spe-
cific health procedures should be warranted. Yet, the “spending review” calls for 
the definition of “qualitative, structural, technological and quantitative standards 
of hospital care”.

17.5	 �Volume Ranges in Oncological Surgery

Although there are currently no established hospital or surgeon volume thresholds 
linked to precise outcome levels, some volume ranges in oncological surgery might 
be extrapolated from the 2018 Italian National Outcomes Program. By way of 
example, we list here some data for selected malignancies, for the year 2017. It 
should be noted that the data should be read with caution: the details of the surgical 
procedures, the training history of the surgical team, the complexity of the tumor 
presentations, the multimorbidity of the patients, the appropriateness of the indica-
tion, and many other important features were not recorded and therefore cannot be 
extrapolated.

17.5.1	 �Gastric Cancer

In 2017, a total of 6239 surgical procedures for gastric cancer were performed: more 
than three procedures were performed in 358 surgical units, of which 81 (23%) had 

M. Donadon et al.



181

an activity volume of more than 20 procedures per year. The 30-day mortality rate 
was less than 10% when the hospital volume was more than 20–30 surgical proce-
dures per year [9].

17.5.2	 �Pancreas Cancer

In pancreatic surgery, there is a consolidated association between volume and 
30-day mortality: 30-day mortality after surgery significantly decreases when at 
least 50 surgical procedures per year are performed, and it continues to decrease for 
volumes higher than 50 procedures [3]. In 2017 in Italy, 2690 surgical procedures 
were performed for pancreatic cancer. However, only four Regions had at least one 
hospital with volumes higher than 50 procedures per year [9].

17.5.3	 �Colorectal Cancer

In 2017 in Italy, there were 26,784 patients with colorectal cancer. The 30-day mor-
tality rate declines significantly as volumes rise up to 50–70 procedures per year; 
when the rise in volume exceeds this level, mortality continues to fall but at a slower 
rate [9]. Interestingly, the laparoscopic approach was adopted in 10,747 (40.1%) of 
cases. However, only 58 surgical units (11.7%) out of a total of 494 performed more 
than 50 laparoscopic procedures per year.

In 2017 in Italy, rectal cancer affected 6679 patients. Of these, 3118 were treated 
by laparoscopy (46.6%), but only 35 surgical units (9.75%) out of a total of 359 
performed more than 20 laparoscopic procedures.

Of note, these rates of laparoscopic approach for colorectal cancer patients are 
increasing in comparison with previous records. However, they are still lower than 
in other European countries such as the United Kingdom, where a national training 
program has resulted in up to 60% of colorectal procedures being performed lapa-
roscopically [10].

17.6	 �The Role of Italian Scientific Societies

In Italy, the two major Scientific Societies of General Surgery, ACOI (Associazione 
Chirurghi Ospedalieri Italiani) and SIC (Società Italiana di Chirurgia), have already 
developed dedicated programs to promote quality in surgical care throughout the 
country. Indeed, one of the strongholds of these Societies is the education and train-
ing of the member surgeons—especially young surgeons—with particular reference 
to the diffusion of a safety and quality culture, of new technologies, and of mini-
mally invasive techniques. Besides, for many years these Societies have been work-
ing to define the competence of national centers of excellence, the training capacity 
of surgeons, and the clinical, surgical and scientific skills that should be set as mini-
mum standard requirements.
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17.7	 �Accreditation of Surgical Centers or Accreditation 
of Surgeons?

There is much discussion on the accreditation of surgical centers, which is no doubt 
a very important process in enhancing quality and safety. However, this process 
should be entrusted more to the regional or even central government bodies rather 
than to the Scientific Societies. Conversely, little has been said on the accreditation 
of the surgeons, although one strategy to improve quality, optimize human and tech-
nical resources, and eventually save public funds might be shifting attention from 
accreditation of the center to accreditation of the surgeon. This may prevent the 
paradox of having a given hospital or a given surgical department accredited for 
performing certain complex surgical procedures without having accredited expert 
surgeons: first the surgeons, then the department/hospital. In an age characterized 
by a tendency to level out knowledge, accrediting surgeons rather than hospital 
centers would mean giving professionals due recognition for their performance. 
Because surgery is still a craft, accreditation should concern first the craftsmen (sur-
geons) and then the workshops (hospitals). In this sense, shifting the current para-
digm could lead to think more in terms of high-quality centers than high-volume 
centers. Similarly to the American Board of Surgery, which is an independent non-
profit organization founded for the purpose of certifying surgeons who have met a 
defined standard of education, training and knowledge, the Italian Scientific 
Societies might work to define the minimum standard of care in major surgery on an 
individual basis with the aim of analyzing the applicant’s training and surgical expe-
rience as well as his/her professionalism and ethics. After successful completion of 
these assessments, the surgeon might become certified in a specific field of major 
surgery. This certification might serve as a prerequisite of good practice which, 
combined with specific minimum requirements for the hospital as a single institu-
tion or as a network of institutions, might be a guarantee of high-quality care.

Moreover, the dualism between high volume and high quality has important lim-
itations in Italy. Hitherto, there are 21 Regional Health Systems that differ in vol-
umes and outcomes. These differences are determined by:

•	 high- and low-volume centers are not equally distributed across along the 
country;

•	 outdated and insufficient institutions, especially in the southern areas;
•	 difficult access to high-volume centers, which in general have longer waiting 

lists for diagnostic and therapeutic procedures;
•	 low penetrance of new techniques and technologies such as minimally invasive 

surgical procedures;
•	 inadequate surgical mentoring and training;
•	 failing recruiting strategies and policies by regional or central government 

agencies.
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17.8	 �Call for Action

The centralization process as well as the accreditation of surgeons and departments 
requires close collaboration among governmental institutions, regional health sys-
tems and scientific societies/associations. The following main actions should be 
taken in consideration:

•	 definition of centers of excellence equally distributed across the country;
•	 revision at national and regional levels of the reimbursement system with the aim 

of favoring high-quality and high-volume centers;
•	 regional multidisciplinary pathways;
•	 continuous and advanced training, especially for new generations of surgeons;
•	 centralization of high-risk procedures;
•	 rigorous and modern surgical training with innovative methods and 

technologies;
•	 definition of accreditation criteria for surgeons and hospitals;
•	 monitoring of surgical performance;
•	 investments in high-quality centers, which are the centers of excellence.
•	 progressive acquisition and analyses of data in hospitals.

17.9	 �Conclusions

In conclusion, we believe that it is time for surgeons, clinicians and other health 
professionals to take these issues into their own hands so as to be the protagonists 
of change and not mere spectators. Every effort should be made to prevent the risk 
of the Italian National Health Service introducing new rules based on outcome-
volume relationship not really data-driven, or anyway not adaptable to Italy. The 
current paradox of the reimbursement system should be taken as a general warning 
to avoid passing an outcome-volume paradox on to the next generations of surgeons 
and of patients.
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