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Foreword

 

It’s with great pleasure that I present this book Surgical Management of Elderly 
Patients by Antonio Crucitti, President of the Italian Society of Geriatric Surgery.

I think the editor and all the other distinguished contributors have to be com-
mended for their efforts to put together a complete and exhaustive list of topics 
covering the entire spectrum of surgical diseases in the elderly patient.

Geriatric surgery is not to be intended as a new surgical specialty, since most 
surgeons already act as “geriatric surgeons,” due to the constant increase of elderly 
population and the need to face surgical problems even in the very old patients.

So it’s timely and very useful to assemble a comprehensive book that will allow 
the entire surgical community and other healthcare providers to understand the 
issues involved in choosing surgery as a treatment option for their patients.

I’m quite sure that this text will find its definite place in the bookshelf of all 
surgeons.

 

Marco Montorsi
President of the ITALIAN SOCIETY of Surgery

Rozzano, Italy
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Preface

 

The geriatric population is incredibly increasing worldwide.
Europe and many other countries in the world are currently facing increasingly 

complex and systemic societal challenges. Due to healthcare advances, increased 
wealth, improved well-being, and living standards, life expectancy has dramatically 
increased during these past decades. The world will have more people who live to 
see their 80s or 90s than ever before, even because we are attending the baby boomer 
generation growing and becoming older.

It is projected that between 2010 and 2060, the number of Europeans aged over 
65 will double, from 88 to 153 million (about 30% of the EU population will be 
aged 65 + [14]). The rise of the “oldest old” is the fastest-growing part of the total 
population, since those over 80 will nearly triple, from 24 to 62 million.

What happens in Europe is the counterpart of a global situation: the world’s 
population aged 65 and over is projected to grow from 524 million to nearly 1.5 
billion between the years 2010 and 2050. The number of people aged 65 or older 
will outnumber children under age 5, and this population aging is not only going to 
continue but also accelerate.

This impressive growing prompted us, as health operators, to propose continuous 
and adaptable clinical routes, especially related to geriatric patients. It’s time for us 
all to focus on approved protocols, shared clinical course, and referring centers 
dedicated to geriatric evaluation, with closed relations with public or academic hos-
pitals or territorial centers, to better select surgical candidates.

We all must also be ready to recognize that multiparametric evaluation has to be 
related to surgical procedures; we need to create a trans-institutional relationship 
and multidisciplinary models that have to consider old-aged criticisms during their 
route, not only gaining their health status or social value but also preserving their 
quality of life.
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Only through these modalities could we reach real advantages, considering the 
growing “health needs” and the more specific surgical issues, approaching these 
“frailty” and “demanding” patients, with new comprehensive eyes and not only 
from an exclusively surgical point of view.

The purpose of this book is to provide an updated, synthetic guide on the most 
important surgical pathologies of the elderly. Here is also supplied an essential con-
tribution from geriatrician and anesthesiologists, and a particular focus is also pres-
ent on hemostasis and thrombosis and vascular and emergency surgery.

I sincerely thank the Board of the Italian Society of Geriatric Surgeons, for its 
support in writing this book.

Rome, Italy Antonio Crucitti
October 6, 2017

 

President of the Italian Society of
Geriatric Surgeons

Rome, Italy

Preface



xi

Part I General Principles and Epidemiology

 1  Aging: from Demography to Epidemiology . . . . . . . . . . . . . . . . . . . . .    3
Nicola Ferrara, Klara Komici, Giuseppe Rengo,  
and Graziamaria Corbi

 2  Anesthesia for the Elderly Patient . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    9
Concezione Tommasino and Antonio Corcione

 3  Principles of Geriatric Surgery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   31
Mario Nano and Mario Solej

 4  Perioperative Management  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   47
Piergaspare Palumbo, Marco Scatizzi, Giorgia Prestigiacomo,  
and Maddalena Baraghini

 5  Risk of Venous Thromboembolism in Surgical Elderly Patients . . . .   65
Anna Falanga and Viola Milesi

Part II Endocrine Surgery

 6  Thyroid and Parathyroid Diseases in Elderly Patients . . . . . . . . . . . .   81
Silvestro Canonico, Massimo De Falco, and Giuseppe Santangelo

 7  Breast Cancer Management in the Older Woman . . . . . . . . . . . . . . . .   97
Marsilio Francucci, Roberto Cirocchi, and Marina Vinciguerra

 8  Surgical Approach to Adrenal Diseases in the Elderly . . . . . . . . . . . .  111
Andrea Valeri, Andrea Polistena, Carlo Bergamini,  
and Nicola Avenia

 9  Pancreatic Neuroendocrine Tumors (pNETs)  . . . . . . . . . . . . . . . . . . .  129
Alessandro Sanguinetti, Andrea Polistena, Louis Banka Johnson, 
and Nicola Avenia

Contents



xii

Part III Gastrointestinal System

 10  Esophageal Cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  161
Di Martino Natale and Monaco Luigi

 11  Cancer of the Stomach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  179
Roberto Vergari, Vanessa Polenta, and Cristina Marmorale

 12  Surgical Treatment of Inflammatory Bowel Diseases  
in the Elderly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  191
Francesco Colombo, Gianluca Pellino, Gianluca Sampietro, 
Francesco Selvaggi, Silvestro Canonico, and Diego Foschi

 13  Diverticulosis and Diverticulitis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  207
Binda Gian Andrea, Cassini Diletta, Gianandrea Baldazzi,  
and Nascimbeni Riccardo

 14  Surgical Management of Colorectal Cancer in the  
Elderly Patient . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  229
Andrea Mazzari, Pasquina Tomaiuolo, Federico Perrone,  
Federico Sicoli, and Antonio Crucitti

 15  Surgical Management of Full-Thickness Rectal Prolapse  
in the Elderly Patient  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  241
Francesco Gabrielli, Angelo Guttadauro, Matteo Maternini,  
and Nicoletta Pecora

Part IV Vascular Disorders

 16  Cerebrovascular Disease and Critical Limb Ischaemia  . . . . . . . . . . .  257
Carlo Setacci, Maria Agnese Mele, Giuseppe Galzerano,  
Giuseppe de Donato, Domenico Benevento,  
Massimiliano Walter Guerrieri, Francesco Setacci,  
and Bruno Amato

 17  Acute Peripheral Arterial Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  271
Francesco Speziale, Pasqualino Sirignano, Simone Cuozzo,  
Wassim Mansour, Chiara Pranteda, Martina Formiconi,  
Alessandro d’Adamo, and Laura Capoccia

 18  Aortic Aneurysm in Elderly Patients  . . . . . . . . . . . . . . . . . . . . . . . . . .  281
Andrea Stella, Erico Gallitto, Chiara Mascoli, Rodolfo Pini,  
and Alessia Sonetto

 19  Venous Disorders of the Leg. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  287
Stefano de Franciscis and Raffaele Serra

Contents

https://doi.org/10.1007/978-3-319-60861-7_19
https://doi.org/10.1007/978-3-319-60861-7_19


xiii

Part V Hepato-Biliary System

 20  Cholecystectomy in Elderly: Challenge and Critical Analysis  
of Available Evidence  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  299
Alessandro Puzziello, Domenico Landi, Fernando Vicinanza, 
Giulia Pacella, Giulio Orlando, and Ileana Maria Luppino

 21  Cancer of the Gallbladder and Biliary Tree . . . . . . . . . . . . . . . . . . . . .  311
Marco Filauro, Giulio Angelini, Federico Fazio,  
and Andrea Barberis

 22  Pancreatitis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  327
Francesco Basile, Antonio Biondi, Guido Basile,  
and Marcello Donati

 23  Benign and Malignant Lesions of the Liver . . . . . . . . . . . . . . . . . . . . .  335
Francesca Romana Ponziani, Giulia Gibiino, and Antonio Gasbarrini

 24  Pancreatic Tumors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  347
Sergio Alfieri, Fausto Rosa, Dario Di Miceli,  
and Giovanni Battista Doglietto

Part VI Abdominal Wall Defect and Soft Tissue Sarcoma

 25  Primitive Groin Hernias . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  367
Bruno Martella, Renata Lorenzetti, and Anna Claudia Colangelo

 26  Incisional Hernias . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  375
Carmelo Militello and Franco Mazzalai

 27  The Management of Soft Tissue Sarcoma in the Elderly  . . . . . . . . . .  385
Sergio Sandrucci

Part VII Trauma and Non Traumatic Emergencies

 28  Trauma in Geriatric Age  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  399
Emanuele Rausa, Federico Coccolini, Giulia Montori, 
Maria Agnese Kelly, Baggi Paolo, Dario Piazzalunga, Cecilia Merli, 
and Luca Ansaloni

 29  Bowel Obstructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  411
Gennaro Perrone, Luca Ansaloni, Federico Coccolini,  
Salomone Di Saverio, Massimo Sartelli, and Fausto Catena

 30  Acute Peritonitis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  423
Massimo Sartelli, Federico Coccolini, Fausto Catena,  
and Luca Ansaloni

 31  Upper and Lower Gastrointestinal Bleeding . . . . . . . . . . . . . . . . . . . .  427
Paola Fugazzola, Giulia Montori, Camilla Bing, Fausto Catena, 
Massimo Sartelli, Luca Ansaloni, and Federico Coccolini

Contents

https://doi.org/10.1007/978-3-319-60861-7_21
https://doi.org/10.1007/978-3-319-60861-7_21
https://doi.org/10.1007/978-3-319-60861-7_23
https://doi.org/10.1007/978-3-319-60861-7_23
https://doi.org/10.1007/978-3-319-60861-7_25
https://doi.org/10.1007/978-3-319-60861-7_25
https://doi.org/10.1007/978-3-319-60861-7_27
https://doi.org/10.1007/978-3-319-60861-7_27
https://doi.org/10.1007/978-3-319-60861-7_28
https://doi.org/10.1007/978-3-319-60861-7_28


xv

Sergio Alfieri Department of Digestive Surgery, Catholic University, “A. Gemelli” 
Hospital, Rome, Italy

Bruno Amato Dipartimento Medicina Clinica e Chirurgia, Università degli studi 
di Napoli Federico II, Naples, Italy

Binda Gian Andrea Department of Surgery, Galliera Hospital, Genoa, Italy

Giulio Angelini E.O. Ospedali Galliera, Genova, Italy

Luca  Ansaloni Unit of General and Emergency Surgery, Papa Giovanni XXIII 
Hospital, Bergamo, Italy

Nicola Avenia General and Endocrine Surgery Unit, S. Maria University Hospital, 
University of Perugia, Terni, Italy

Gianandrea  Baldazzi Department of General Minimally-invasive and Robotic 
Surgery, Policlinic of Abano Terme, Padua, Italy

Maddalena Baraghini Department of Surgical Sciences, “Sapienza”—University 
of Rome, Rome, Italy

Andrea Barberis E.O. Ospedali Galliera, Genova, Italy

Francesco  Basile Department of Surgery and Medical-Surgical Specialties, 
Surgical Clinic, Vittorio-Emanuele University Hospital of Catania, Catania, Italy

Guido Basile Department of Surgery and Medical-Surgical Specialties, Emergency 
Abdominal Surgery Unit, University Hospital of Catania, University of Catania, 
Catania, Italy

Domenico  Benevento Department of Medicine, Surgery and Neurosciences, 
Vascular and Endovascular Unit, Siena University, Siena, Italy

Carlo  Bergamini General, Emergency and Minimally Invasive Surgery Unit, 
Careggi University Hospital, Florence, Italy

Camilla Bing General Surgery Department, San Giuseppe Hospital, Empoli, Italy

Contributors



xvi

Antonio Biondi Department of Surgery and Medical-Surgical Specialties, Surgical 
Clinic, Vittorio-Emanuele University Hospital of Catania, Catania, Italy

Silvestro  Canonico Department of Medical, Surgical, Neurological, Metabolic 
and Geriatric Sciences, University of Campania Region “Luigi Vanvitelli”, Caserta, 
Italy

Laura Capoccia Vascular and Endovascular Surgery, Department of Surgery “Paride 
Stefanini”, “Policlinico Umberto I”, “Sapienza” Università di Roma, Rome, Italy

Fausto  Catena Department of Emergency Surgery, Maggiore Hospital, Parma, 
Italy

Roberto  Cirocchi General Surgical and Surgical Oncology Unit, University of 
Perugia, Perugia, Italy

Federico Coccolini Unit of General and Emergency Surgery, Papa Giovanni XXIII 
Hospital, Bergamo, Italy

Anna Claudia Colangelo General Surgery Residency Program of the University 
of Padua, Padua, Italy

Francesco Colombo General Surgery, Department of Medical Sciences L. Sacco, 
University of Milan, Milan, Italy

Graziamaria Corbi Department of Medicine and Health Sciences, University of 
Molise, Campobasso, Italy

Antonio Corcione Dipartimento Area Critica A.O.R.N. dei Colli, Monaldi - Cotugno – 
CTO, Naples, Italy

UOC Anestesia e TIPO, Ospedale Monaldi, Naples, Italy

Antonio  Crucitti Department of General and Mini-invasive Surgery, Cristo Re 
Hospital, Rome, Italy

Simone Cuozzo Vascular and Endovascular Surgery, Department of Surgery “Paride 
Stefanini”, “Policlinico Umberto I”, “Sapienza” Università di Roma, Rome, Italy

Alessandro d’Adamo Vascular and Endovascular Surgery, Department of Surgery 
“Paride Stefanini”, “Policlinico Umberto I”, “Sapienza” Università di Roma, Rome, 
Italy

Cassini Diletta Department of General Minimally-invasive and Robotic Surgery, 
Policlinic of Abano Terme, Padua, Italy

Giovanni Battista Doglietto Department of Digestive Surgery, Catholic University, 
“A. Gemelli” Hospital, Rome, Italy

Marcello  Donati Department of Surgery and Medical-Surgical Specialties, 
Surgical Clinic, Vittorio-Emanuele University Hospital of Catania, Catania, Italy

Contributors



xvii

Giuseppe  de Donato Department of Medicine, Surgery and Neurosciences, 
Vascular and Endovascular Unit, Siena University, Siena, Italy

Anna  Falanga Division of Immunohematology and Transfusion Medicine, 
Thrombosis and Hemostasis Center, Hospital Papa Giovanni XXIII, Bergamo, Italy

Massimo De Falco Department of Medical, Surgical, Neurological, Metabolic and 
Geriatric Sciences, University of Campania Region “Luigi Vanvitelli”, Caserta, Italy

Federico Fazio E.O. Ospedali Galliera, Genova, Italy

Nicola  Ferrara Department of Translational Medical Sciences, Federico II 
University of Naples, Naples, Italy

Marco Filauro E.O. Ospedali Galliera, Genova, Italy

Martina Formiconi Vascular and Endovascular Surgery, Department of Surgery 
“Paride Stefanini”, “Policlinico Umberto I”, “Sapienza” Università di Roma, Rome, 
Italy

Diego  Foschi General Surgery, Department of Medical Sciences L.  Sacco, 
University of Milan, Milan, Italy

Stefano  de Franciscis Department of Medical and Surgical Sciences, 
Interuniversity Center of Phlebolymphology (CIFL), International Research and 
Educational, Program in Clinical and Experimental Biotechnology, University 
Magna Graecia of Catanzaro, Catanzaro, Italy

Marsilio  Francucci General Surgery and Day Surgery Unit, Hospital of Terni, 
Terni, Italy

Paola  Fugazzola General, Emergency and Trauma Surgery Department, Papa 
Giovanni XXIII Hospital, Bergamo, Italy

Francesco Gabrielli Department of General Surgery, University of Milan Bicocca, 
Zucchi Hospital, Monza, Italy

Erico Gallitto Vascular Surgery - Bologna University, Bologna, Italy

Giuseppe  Galzerano Department of Medicine, Surgery and Neurosciences, 
Vascular and Endovascular Unit, Siena University, Siena, Italy

Antonio  Gasbarrini Internal Medicine, Gastroenterology and Hepatology, 
Agostino Gemelli Hospital, Rome, Italy

Giulia  Gibiino Internal Medicine, Gastroenterology and Hepatology, Agostino 
Gemelli Hospital, Rome, Italy

Massimiliano Walter  Guerrieri Department of Medicine, Surgery and 
Neurosciences, Vascular and Endovascular Unit, Siena University, Siena, Italy

Angelo Guttadauro Department of General Surgery, University of Milan Bicocca, 
Zucchi Hospital, Monza, Italy

Contributors



xviii

Louis Banka Johnson Department of Colorectal Surgery, University Hospital of 
Malmoe-Lund, SUS, Lund, Sweden

Maria Agnese Kelly Department of Colorectal Diseases, St. Vincent’s University 
Hospital, Dublin, Ireland

Klara  Komici Department of Translational Medical Sciences, Federico II 
University of Naples, Naples, Italy

Domenico  Landi General and Day Surgery Unit, AOU San Giovanni di Dio e 
Ruggi d’Aragona, Department of Medicine Surgery and Dentistry, University of 
Salerno, Salerno, Italy

Renata Lorenzetti Geriatric Surgery Unit, University of Padua, Padua, Italy

Monaco  Luigi General and Laparoscopic Surgery, Nursing Home Villa Esther 
Avellino, Avellino, Italy

Ileana Maria Luppino Gastroenterology and Endoscopy Unit, AO Annunziata, 
Cosenza, Italy

Wassim  Mansour Vascular and Endovascular Surgery, Department of Surgery 
“Paride Stefanini”, “Policlinico Umberto I”, “Sapienza” Università di Roma, Rome, 
Italy

Cristina  Marmorale Formazione in Chirurgia Generale—Ospedali Riuniti di 
Ancona, Ancona, Italy

Direttrice della Scuola di Specialità in Chirurgia Generale—Università Politecnica 
delle Marche, Ancona, Italy

Bruno Martella Geriatric Surgery Unit, University of Padua, Padua, Italy

Chiara Mascoli Vascular Surgery - Bologna University, Bologna, Italy

Matteo Maternini Department of General Surgery, University of Milan Bicocca, 
Zucchi Hospital, Monza, Italy

Franco Mazzalai General Surgery, Treviso Hospital, Treviso, Italy

Andrea  Mazzari Department of General and Mini-invasive Surgery, Cristo Re 
Hospital, Rome, Italy

Maria Agnese  Mele Department of Medicine, Surgery and Neurosciences, 
Vascular and Endovascular Unit, Siena University, Siena, Italy

Cecilia  Merli Unit of Emergency Medicine, Papa Giovanni XXIII Hospital, 
Bergamo, Italy

Dario  Di Miceli Department of Digestive Surgery, Catholic University, 
“A. Gemelli” Hospital, RomeItaly

Contributors



xix

Viola  Milesi Division of Immunohematology and Transfusion Medicine, 
Thrombosis and Hemostasis Center, Hospital Papa Giovanni XXIII, Bergamo, 
Italy

Carmelo Militello Geriatric Surgery Unit, University of Padua, Padua, Italy

Giulia  Montori General, Emergency and Trauma Surgery Department, Papa 
Giovanni XXIII Hospital, Bergamo, Italy

Mario  Nano University of Turin—Honorary President of the Italian Society of 
Geriatric Surgery, Orbassano, Turin, Italy

Di Martino Natale Division of General and Gastroenterologic surgery, University 
of Campania “Luigi Vanvitelli”, Naples, Italy

Giulio Orlando University Magna Graecia of Catanzaro, Catanzaro, Italy

Giulia Pacella General and Day Surgery Unit, AOU San Giovanni di Dio e Ruggi 
d’Aragona, Department of Medicine Surgery and Dentistry, University of Salerno, 
Salerno, Italy

Piergaspare Palumbo Department of Surgical Sciences, “Sapienza”—University 
of Rome, Rome, Italy

Baggi  Paolo Unit of General and Emergency Surgery, Papa Giovanni XXIII 
Hospital, Bergamo, Italy

Nicoletta Pecora Department of General Surgery, University of Milan Bicocca, 
Zucchi Hospital, Monza, Italy

Gianluca Pellino Unit of General and Geriatric Surgery, I Policlinico, Università 
degli Studi della Campania “Luigi Vanvitelli”, Naples, Italy

Federico Perrone Department of General and Mini-invasive Surgery, Cristo Re 
Hospital, Rome, Italy

Gennaro Perrone Department of Emergency Surgery, Maggiore Hospital, Parma, 
Italy

Dario Piazzalunga Unit of General and Emergency Surgery, Papa Giovanni XXIII 
Hospital, Bergamo, Italy

Rodolfo Pini Vascular Surgery - Bologna University, Bologna, Italy

Vanessa Polenta Clinica Chirurgica—Ospedali Riuniti di Ancona, Ancona, Italy

Andrea  Polistena General and Endocrine Surgery Unit, S.  Maria University 
Hospital, University of Perugia, Terni, Italy

Andrea Polistena Unit of Endocrine Surgery, Department of Surgical Sciences, 
School of Medicine University of Perugia, Terni, Italy

Francesca  Romana  Ponziani Internal Medicine, Gastroenterology and 
Hepatology, Agostino Gemelli Hospital, Rome, Italy

Contributors



xx

Chiara  Pranteda Vascular and Endovascular Surgery, Department of Surgery 
“Paride Stefanini”, “Policlinico Umberto I”, “Sapienza” Università di Roma, Rome, 
Italy

Giorgia Prestigiacomo Department of Surgical Sciences, “Sapienza”—University 
of Rome, Rome, Italy

Alessandro Puzziello General and Day Surgery Unit, AOU San Giovanni di Dio e 
Ruggi d’Aragona, Department of Medicine Surgery and Dentistry, University of 
Salerno, Salerno, Italy

Emanuele Rausa Unit of General and Emergency Surgery, Papa Giovanni XXIII 
Hospital, Bergamo, Italy

Giuseppe  Rengo Department of Translational Medical Sciences, Federico II 
University of Naples, Naples, Italy

Nascimbeni  Riccardo Department of Molecular and Translational Medicine, 
University of Brescia, Brescia, Italy

Fausto Rosa Department of Digestive Surgery, Catholic University, “A. Gemelli” 
Hospital, Rome, Italy

Gianluca Sampietro General Surgery, Department of Medical Sciences L. Sacco, 
University of Milan, Milan, Italy

Sergio Sandrucci Sarcoma Unit, Città Della Salute e della Scienza, S. Giovanni 
Battista Hospital, University of Turin, Turin, Italy

Alessandro  Sanguinetti Unit of Endocrine Surgery, Department of Surgical 
Sciences, School of Medicine University of Perugia, Terni, Italy

Giuseppe Santangelo Department of Medical, Surgical, Neurological, Metabolic 
and Geriatric Sciences, University of Campania Region “Luigi Vanvitelli”, Caserta, 
Italy

Massimo Sartelli Department of Surgery, Macerata Hospital, Macerata, Italy

General and Emergency Surgery, Macerata Hospital, Macerata, Italy

Salomone Di Saverio Department of Surgery, Maggiore Hospital, Bologna, Italy

Marco Scatizzi Chief Surgical Dept. Usl 4 - Prato, Florence, Italy

Via Alessandro Serpieri, 13, 00197, Rome, Italy

Francesco Selvaggi Unit of General and Geriatric Surgery, I Policlinico, Università 
degli Studi della Campania “Luigi Vanvitelli”, Naples, Italy

Raffaele  Serra Department of Medical and Surgical Sciences, Interuniversity 
Center of Phlebolymphology (CIFL), International Research and Educational, 
Program in Clinical and Experimental Biotechnology, University Magna Graecia of 
Catanzaro, Catanzaro, Italy

Contributors



xxi

Carlo Setacci Department of Medicine, Surgery and Neurosciences, Vascular and 
Endovascular Unit, Siena University, Siena, Italy

Francesco Setacci Department of Medicine, Surgery and Neurosciences, Vascular 
and Endovascular Unit, Siena University, Siena, Italy

Federico  Sicoli Department of General and Mini-invasive Surgery, Cristo Re 
Hospital, Rome, Italy

Pasqualino Sirignano Vascular and Endovascular Surgery, Department of Surgery 
“Paride Stefanini”, “Policlinico Umberto I”, “Sapienza” Università di Roma, Rome, 
Italy

Mario Solej University of Turin, San Luigi Gonzaga University Hospital, Turin, 
Italy

Alessia Sonetto Vascular Surgery - Bologna University, Bologna, Italy

Francesco Speziale Vascular and Endovascular Surgery, Department of Surgery 
“Paride Stefanini”, “Policlinico Umberto I”, “Sapienza” Università di Roma, Rome, 
Italy

Andrea Stella Vascular Surgery - Bologna University University, Bologna, Italy

Pasquina  Tomaiuolo Department of General and Mini-invasive Surgery, Cristo 
Re Hospital, Rome, Italy

Concezione  Tommasino Department of Biomedical, Surgical and Odontoiatric 
Sciences, University of Milano, Milan, Italy

ASST Santi Paolo e Carlo University Hospital, Milan, Italy

Andrea Valeri General, Emergency and Minimally Invasive Surgery Unit

Careggi University Hospital, Florence, Italy

Roberto Vergari Clinica Chirurgica—Ospedali Riuniti di Ancona, Ancona, Italy

Fernando Vicinanza General and Day Surgery Unit, AOU San Giovanni di Dio e 
Ruggi d’Aragona, Department of Medicine Surgery and Dentistry, University of 
Salerno, Salerno, Italy

Marina Vinciguerra General Surgery and Day Surgery Unit, Hospital of Terni, 
Terni, Italy

Contributors



Part I

General Principles and Epidemiology



3© Springer International Publishing AG, part of Springer Nature 2018
A. Crucitti (ed.), Surgical Management of Elderly Patients,  
https://doi.org/10.1007/978-3-319-60861-7_1

N. Ferrara (*) • K. Komici • G. Rengo 
Department of Translational Medical Sciences, Federico II University of Naples, Naples, Italy
e-mail: nicola.ferrara@sigg.it 

G. Corbi 
Department of Medicine and Health Sciences, University of Molise, Campobasso, Italy

1Aging: from Demography 
to Epidemiology

Nicola Ferrara, Klara Komici, Giuseppe Rengo, 
and Graziamaria Corbi

1.1  Demographic Aspects of Aging

Aging of the worldwide population is progressively increasing, in relation to aug-
mented life expectancy (LE), which in 2016 was around 71.4 years according to the 
World Health Organization (WHO), with a greater expectation in women than men 
all over the world [1]. Today, for the first time in history, even in less developed 
countries, most people can expect to live for more than 60 years, especially because 
of the reduction in childhood mortality [2], while in high-income countries, it is 
mainly due to the increase in life expectancy of over 60-year-old individuals [3, 4]. 
Currently, it has been estimated that life expectancy of 60-year-old people rose from 
18.7 years in 2000 to 20.4 years in 2015, with different regional rates. In particular, 
12 European countries, including Italy, in 2015 showed a life expectancy that 
exceeded 82 years of age, with women living longer than men in every part of the 
world [1]. In 2016, WHO data underlined that LE was 73.8 years for women and 
69.1 years for men, quite similar to 2015 data [1].

In Europe, Eurostat data demonstrated that in 2015 over 65-year-old persons 
represented 18.9% of the total population [5], with an expected increase to a peak of 
525.5 million around 2050 followed by a gradual decline to 520 million in 2080 [6]. 
The comparison of 2015 and 2080 data projection shows that Europe’s population 
will continue to age, especially because of the “baby boomer” progressive aging [6]. 
Importantly, the progressive aging of the older population itself should be consid-
ered, given the increase at a faster rate of the over 80-year-old population, which is 
expected to double between 2015 and 2080, rising from 5.3 to 12.3%. As a result of 
these population changes between different age groups, the old-age dependency 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-60861-7_1&domain=pdf
mailto:nicola.ferrara@sigg.it


4

ratio (the ratio between the elderly population and the working age population (15–
64)) is projected to change from 28.8% in 2015 to 51.0% by 2080 [6]. The Italian 
Institute of Statistics (IIS) showed that in 2016, Italy was at third place in Europe for 
longevity, with a LE of 84.7 years for women and 80.1 years for men, and the pre-
diction for 2065 reached 91.5 years for women and 86.6 years for men [7].

Beyond LE if we consider health life expectancy (HLE), it is clear that between 
the two parameters there is a gap. HLE provides a comprehensive indicator of health 
in a population, representing the average number of years in full health that a new-
born could expect to live considering the specific mortality rates by age and average 
age-specific levels of health status for a given period [8]. Globally it is estimated 
that in 2015 the global HLE was 63.1 years for both women and men. The gap 
between LE and HLE is the equivalent of the years spent in comorbidity and dis-
ability [8]. The main factors contributing to these conditions are represented by 
chronic diseases (particularly depression, neurological disorders, loss of vision and 
hearing, cardiovascular disease, and diabetes) [1]. The majority of these conditions 
increase with age, and for many of them, the prevalence, even after correction for 
age, does not tend to decline. Therefore, the proportion of years spent in illness 
increases, with a consequent slower increase of HLE compared to LE [1]. In 2016, 
the WHO has calculated that the HLE was 61.5 years for men and 64.6 years for 
women with substantial gender differences in all regions of the world [1]. In Italy, 
beyond the longevity, the quality of survival is also improved, particularly among 
young seniors (65–74 years) [9], with 65-year-old subjects expected to experience a 
LE without functional limitations of 12.7  years for men and 14.2 for women in 
1994, compared to the 15.5 years for men and 16.2 for women reached in 2013 [9].

1.2 Epidemiological Aspects of Aging

According to WHO data in 2016, noncommunicable chronic diseases were the main 
cause of health loss in more than half of cases [10]. Eurostat data shows that the 
elderly (≥65 years old) represented more than 2/5 (42.2%) of all disabled persons in 
the European Union in 2012 [11], with a probability of 4.2 times higher for the pres-
ence of disability in subjects ≥65 years compared to those aged between 15 and 
44 years [11]. In Italy, in 2013 the first generation of “baby boomers” arrived at the 
old-age threshold in better health condition than previous generations: functional 
limitation is lower and also the self-reporting of “feeling bad or very bad” [9]. Aging 
itself determines an overall increasing level of chronic diseases in the elderly, 
although analysis of generation reports that particularly among young seniors (65–
74 years) [9], the presence of serious chronic diseases is diminishing over the years, 
primarily as a result of preventive measures implemented in recent years. In 2015, 
IIS data showed that 24.8% of over 75-year-old persons enjoy good health, while 
85.2 and 65.4% are, respectively, affected by at least one or two chronic diseases. 
Among over 75-year-old subjects with chronic diseases, 20.4% appear to be in good 
health [12], although 88.1% of them report at least one drug use in the last 2 days 
[13]. From 2011 to 2015, we find an increase in the use of drugs: in over 65-year-old 
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subjects from 79.6% in 2011 to 82.1% in 2015 [14], with an increase in consump-
tion also in relationship to age (75.8% in subjects 65–74 years against 88.1% of 
those over 75) [14]. As a result, drug-related adverse events in general practice are 
an important cause of morbidity and are thought to be responsible for 10–30% of all 
hospital admissions in older patients [15]. Importantly different studies have shown 
that 52.3% of elderly patients use an inappropriate drug therapy [16]. The 2015 
OSMED report shows that 44.8% of reported adverse drug reactions (excluding 
vaccines) relate to subjects of ≥65 years [17].

With regard to hospitalization frequency, although the total number of hospital 
admissions has been reduced (by over 12.8 million in 2001 to 9.4 million in 2014) 
(−26.7%), affecting only the component of acute care hospitalization (−29.2%), 
which is the main reason for admission (91.1% in 2014), in the geriatric population, 
45.1% of men ≥65 years (24.7% in those ≥75 years) and 40.8% of women of the 
same age (23.9% in those ≥75 years) appeared to have been hospitalized in 2014 
[18]. Furthermore, in contrary to what occurs in the general population, by compari-
son with 2001, in 2014 admissions of persons ≥75 years had an increased cost: 
equal to 7.3% in men and stable in women, because of disease severity [18].

With regard to “frailty,” its definition has been debated for a long time in the 
context of geriatrics [19–23]. According to Fried, frailty can be defined as a condi-
tion characterized by a reduction in the functional reserve with an age-dependent 
increase of vulnerability (so-called preclinical frailty) [21]. Acute events, which 
in non-vulnerable subjects are easily managed, may precipitate the clinical condi-
tions of patients with preclinical frailty. A typical example of an acute event, which 
can achieve a critical framework in a fragile subject, is represented by the glyco- 
metabolic decompensation of both hyper- and hypoglycemic types. For these reasons 
these subjects need a more careful monitoring of the glyco-metabolic compensation.

The preclinical frailty framework is further aggravated in presence of particular 
characteristics of clinical frailty including comorbidity, polypharmacy with the rela-
tive high risk of iatrogenic damage, social and economic problems, and characteris-
tics that lead inexorably toward a severe disability framework. Such a clinical 
phenotype has been proposed by Rockwood et al. [24] that focuses on the disease at 
the center of frailty.

In this framework diabetes and its complications play a central role in determin-
ing frailty.

The indices of Fried [19] and Rockwood [22] certainly represent the most used 
indexes in the definition of frailty, but they have also had more confirmations from 
the point of view of prognostic value in the literature.

Fried’s index (Table 1.1) is used to define the fragile phenotype in preclinical 
phase. Recently Op et al. [25] reported that in 8684 elderly patients, this tool effec-
tively discriminated the social, psychological, and functional treatment of vulnera-
ble subjects, allowing a better definition and treatment. In addition, several studies 
confirm its prognostic value in falls, disability, fractures, and death [26].

Frailty in the clinical index of Rockwood was constructed by counting the num-
ber of deficits accumulated over time, within a very extensive list of 70 clinical defi-
cits (Table 1.2).

1 Aging: from Demography to Epidemiology
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It was developed based on a comprehensive geriatric assessment by counting the 
number of accumulated deficits, including diseases, physical and cognitive impair-
ments, the psychosocial risk factors, and geriatric syndromes other than weakness 
[27, 28]. To consider a different variable as a deficit, it must be acquired, associated 
with age, and with a negative outcome. The total number of deficits that can be used 
is considered to be equal to 80, with 30–70 elements typically evaluated [29].

Table 1.1 Definition of preclinical frailty phenotype (modified) [24]

(A) Characteristics of frailty
Weight loss (unintentional)
Sarcopenia (muscle mass loss)
Weakness
Poor endurance
Low activity
(B) Cardiovascular health study measures
>4.5 kg (10 lbs) in the year before the current evaluation or unintentional weight loss of at least 
5% of the previous year’s body weight
Grip strength of the dominant hand lower than 20% (for sex, body mass index)
Self-reported exhaustion
Reduced energy consumption
Kcal/week: lower than 20%
  M: <383 kcal/week
  F: <270 kcal/week
(C) Presence of frailty
Frail phenotype: ≥3 positive criteria

Table 1.2 Frailty hypothesis of Rockwood (modified) [27]

1.  Very fit. People who are robust, active, energetic, well motivated, and fit; these people 
commonly exercise regularly and are the fittest for the age

2.  Well. People without active disease symptoms, but less fit than category 1. Often, they 
exercise or are very active occasionally, e.g., seasonally

3.  Managing well. People whose medical problems are well controlled, but are not regularly 
active beyond routine walking

4.  Vulnerable. While not dependent on others for daily help, often symptoms limit activities. 
A common complaint is being “slowed up” and/or being tired during the day

5.  Mildly frail. These people often have more evident slowing and need help in high-order 
IADLs (finances, transportation, medications, heavy housework). Typically, mildly frail 
progressively impairs shopping and walking outside alone, meal preparation, and housework

6.  Moderately frail. People need help with all outside activities and with keeping house. Inside 
they have problems with stairs and need help with bathing and might need minimal 
assistance (cuing, standby) with dressing

7.  Severely frail. Completely dependent for personal care from whatever cause (physical or 
cognitive). Even so they seem stable and not at risk of dying (within 6 months)

8.  Very severely frail. Completely dependent, approaching the end of life. Typically, they could 
not recover even from a minor illness

9.  Terminally ill. Approaching the end of life. This category applies to people with a life 
expectancy <6 months, who are not otherwise evidently frail

N. Ferrara et al.
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In comparison with Fried’s index, Rockwood seems to be a more sensitive pre-
dictor for adverse health outcomes, due to its more finely graduated scale of risk and 
the inclusion of deficits that probably have causal relationships with adverse clinical 
outcomes [30].

 Conclusions
To meet the challenges that demography and epidemiology are bringing to our 
societies, even those with a high standard of living, several care and health strate-
gies that have been followed until now should be reviewed. In particular, the care 
interventions for the elderly, considered as frail and complex subjects, must be 
planned and implemented to be effective as part of a network of geriatric con-
tinuing care. Then interventions should respond to a multidisciplinary and multi-
professional logic and take place in organized and specialized structures, where 
the criterion for admission must not be related to age, but should be reserved 
mainly for the frail elderly, after a careful assessment performed using validated 
multidimensional tools.
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2Anesthesia for the Elderly Patient

Concezione Tommasino and Antonio Corcione

2.1  Introduction

In Europe, the elderly population (≥65 years of age) will account for 30% of the 
population by 2060 [1]. Advances and improvement in medical science have 
increased life expectancy for most people, and according to the latest World Health 
Organization (WHO) data, life expectancy in Italy is very high, being 82.7 years 
(male 80.5, female 84.8 years). Although the mechanisms that control the aging 
process and life span remain unknown, we can speculate that a very important factor 
contributing to the Italian longevity is the healthcare system, which is ranked sec-
ond according to WHO and which has the third best medical performance 
worldwide.

In parallel with the increasing longevity of the population, the volume of surgery 
is growing rapidly, and anesthesia in the elderly patient has become an extremely 
important issue, mostly because this segment of the population is the most vulner-
able and is likely to have the highest number of comorbidities, to suffer from frailty, 
and to have diminishing physiological reserve.
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In order to minimize the perioperative adverse events, anesthesiologists need to 
focus on the risks related to the operative procedure, the anesthetic and analgesic 
techniques, and the patient’s underlying medical, physical, and functional condition.

2.2  Physiology Considerations in the Geriatric Patient

Aging is a universal physiological phenomenon, associated with a progressive loss 
of functional reserve in all organs and systems; however, the extent and onset of 
these changes vary significantly from patient to patient. Understanding of the physi-
ological consequences of aging represents one of the prerequisites to administer 
good anesthetic care to elderly patients.

Every major organ system experiences physiological changes, which result 
mostly in cognitive impairments (nervous system), higher blood pressures and 
lower cardiac output (cardiovascular system), reduction of arterial oxyhemoglobin 
(respiratory system), delayed gastric emptying and reduction of hepatic metabolism 
(gastrointestinal system and liver), and reduced glomerular filtration rate (renal sys-
tem) (Fig. 2.1). These physiological changes, mostly when combined with coexist-
ing diseases, create a very complex condition [2].

Hypertension 50-60%
Coronary artery

disease 15%

Dementia 30%

Repeated falls 25%

Hearing loss 35%

Vision loss 20%

Cardiac failure 15%

Diabetes 10-20%

Arthrosis 30%

Cancer 20%

Fig. 2.1 Frequency of main comorbidities in elderly patients
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2.3  Central Nervous System (CNS)

The CNS is the target organ for almost every anesthetic drug, and age-related altera-
tions in CNS have unquestionable implications for anesthesia care. Aging univer-
sally produces a reduction in neuronal density, and the volume of the brain declines 
by almost 5% per decade, after age 40. There is a greater loss of white matter, and 
neuronal cell death is believed to be the main reason for the reduction of gray mat-
ter. Coupling of cerebral electrical activity, cerebral metabolic rate, and cerebral 
blood flow remains intact in older individuals in the absence of disease, as well as 
autoregulation and cerebrovascular response to CO2 and hypoxemia. However, 
there is a depletion of brain neurotransmitters (acetylcholine, dopamine, serotonin, 
brain-derived neurotrophic factor) that could explain the reduced synaptic plasticity 
regulation and neurogenesis. These changes may partly be responsible for depres-
sion, loss of memory, and motor dysfunction in elderly patients. Increasing age is 
associated with increasing blood-brain barrier permeability (likely because of endo-
thelial glycocalyx alterations), allowing inappropriate passage of mediators from 
the plasma into the CNS. This may result in an increased inflammatory response 
and structural damage in the brain, as well as altered patterns of neuronal activity, 
by modulating synthesis of neurotransmitters and changing expression of neu-
rotransmitter receptors [3]. Cognitive decline does not always accompany aging but 
it is common. Slowed reaction time and cognitive processing and impaired short- 
term memory are very frequent in elderly patients.

2.4  Peripheral Nervous System (PNS)

Aging deeply influences several morphologic and functional features of the PNS. In 
older individuals, there is a reduction in the number of neurons within the spinal 
cord, and the diameter and number of myelinated fibers in the dorsal and ventral 
nerve roots are decreased. In peripheral nerves, inter-Schwann cell distance is 
decreased, as is afferent and efferent conduction velocity [4]. These changes tend to 
make older individuals more sensitive to neuraxial and peripheral nerve blocks.

2.5  Cardiovascular and Autonomic Nervous System

Aging is one of the largest risk factors for the development of cardiovascular dis-
ease. The physiological alterations in structure and function of the autonomic ner-
vous system, heart and blood vessels, affect cardiovascular performance and explain 
why hypertension and increased pulse pressure, ischemic heart disease, conduction 
abnormalities, and congestive heart failure are frequent in older patients. The most 
relevant age-related changes are the increased myocardium and vasculature stiff-
ness, decreased beta-adrenergic responsiveness, and impaired autonomic reflex 
control of heart rate, all of which may have considerable consequences during car-
diovascular stress [5] (Table 2.1). Arterial stiffening leads to systolic hypertension, 
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impaired impedance matching, and myocardial hypertrophy. Aortic valve sclerosis 
is common in older individuals and is associated with an increase in the risk for 
adverse cardiovascular and coronary events. Venous stiffening decreases the ability 
to buffer changes in blood volume and blood distribution and will impair the ability 
to keep preload constant. Impairment of diastolic relaxation leads to diastolic dys-
function, and diastolic heart failure (prevalent in females) is now recognized as 
heart failure with preserved ejection fraction [6]. Clinical diagnosis of diastolic dys-
function is difficult, since the clinical picture resembles left ventricular systolic fail-
ure, and echocardiography is the diagnostic modality of choice. Cardiac performance 
in the elderly depends on the preload; as a consequence of myocardium and vascu-
lature stiffness, decreased beta-adrenergic responsiveness, and autonomic dysfunc-
tion, low preload can lead to fall in cardiac output and induce marked hypotension. 
On the other hand, an inappropriate high preload can precipitate left ventricular 
insufficiency, with pulmonary edema, dyspnea, and impaired oxygenation [5].

2.6  Respiratory System

The maximal functional status of the lungs is achieved in the third decade of life, 
after which lung function gradually declines [7]. Environmental factors and smok-
ing are mostly responsible for the deterioration of lung function. Chronic obstruc-
tive pulmonary disease (COPD), pneumonia, and obstructive sleep apnea syndrome 
(OSAS) are very frequent in the elderly. Age-related generalized loss of the lung 
elastic recoil, increased chest wall rigidity, and decreased functional alveolar surface 
area lead to a decrease in vital capacity (about 30 mL/year), increase in residual vol-
ume, decrease in expiratory flows, and increase in ventilation-perfusion mismatch. 
Respiratory muscle strength declines, and the work of breathing increases. Arterial 
oxygen tension decreases progressively with age-induced ventilation-perfusion 

Table 2.1 Age-related cardiovascular changes and possible clinical impairments

Cardiovascular change Pathophysiology Clinical impairment
Cardiac
•  Increased myocardial stiffness
•  Altered conduction
• Increased LA size

•  Decrease LV compliance
•  Irregular conduction
•  Increased LA pressure/

distension

•  Dyspnea
•  Arrhytmias
•  Atrial fibrillation

Vascular
•  Increased vascular stiffness •  Increased aortic impedance •  Systolic hypertension, 

LV hypertrophy
Cardiovascular
•  Increased stiffness (myocardial 

and vascular)
•  Decreased cardiovascular 

reserve
•  Reduced excercise 

tolerance
•  Heart failure

+ Autonomic dysfunction
+ Decreased beta- adrenoreceptor 
responsiveness

•  Decreased baroreceptor 
reflex activity

•  Postural hypotension
•  Syncope

LA left atrium, LV left ventriculum. Modified from [5]
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mismatch and anatomical shunt [8] (Table 2.2). Gas exchange may be well pre-
served at rest; however, pulmonary reserve is diminished, and there is a decreased 
response to hypoxemia and hypercapnia. Increased sensitivity to respiratory depres-
sants (narcotics) and muscle weakness pose additional risks for perioperative pul-
monary complications in elderly patients, as well as under conditions of positive 
fluid balance, positioning for surgery, and increased metabolic demand.

2.7  Hepatic Function

Increased age is associated with a reduction in liver size (almost 50% by the age of 
80 years) and blood flow (10% per decade) [9]. The production of albumin (binding 
for acidic drugs) by the liver is decreased, whereas alpha-1-acid glycoprotein (bind-
ing for basic drugs) level is increased, affecting plasma protein binding of specific 
drugs, and hepatic synthesis of cholinesterase is reduced, mostly in males. The 
reduced perfusion of the hepatic tissue may delay drug clearance, especially rapidly 
metabolized drugs.

2.8  Renal and Volume Regulation

Aging alters renal function affecting the renal vasculature, and the decline is more 
pronounced in males [10]. The number of functioning glomeruli declines, as well as 
the renal blood flow (by 10% per decade after 40 years), with reduction in respon-
siveness and autoregulation of volume status [10]. Because of the decreased muscle 
mass, serum creatinine is within normal limits, and it is a poor predictor of renal 
function. Glomerular filtration rate declines by 6–8% per decade (almost 50% by 
the age of 80 years). Consequently, drugs (or metabolites) that are primarily elimi-
nated via the renal system have a longer half-life and reach higher peak levels, likely 
leading to toxicity. Medications that are renally cleared should have dosages 
adjusted, based on the patient’s estimated glomerular filtration rate (eGFR):

 

eGFR age body weight kg if female

seru

= −( )× ( )×( ) 
×

140 0 85

72

. /

mm creatinine mg/dL( )  .  

The renal/pituitary response to dehydration is compromised in elderly subjects, 
with reduced ability to concentrate the urine and to excrete an acid load. Decreased 

Table 2.2 Normal values for arterial 
partial pressure of oxygen (PaO2) 
according to age

Age (years) PaO2 mmHg (mean and range)
20–29 94 (84–104)
30–39 91 (81–101)
40–49 88 (78–98)
50–59 84 (74–94)
60–69 81 (71–91)
>70 80–85
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ability of the kidney to control electrolyte homeostasis, especially under stress, 
makes fluid and electrolyte balance challenging [10].

2.9  Gastrointestinal System

Geriatric individuals may have prolonged gastric emptying, which predisposes to 
higher risk for aspiration during anesthetic induction or in the postoperative period.

2.10  Pharmacokinetic and Pharmacodynamic Differences 
in the Elderly

Aging influences the pharmacologic responses to drugs, because of alterations in 
the absorption, distribution, metabolism, and excretion. Anesthetic agents, to 
some extent, are bound to plasma proteins; since in the elderly protein binding is 
less efficient, this will result in an exaggerated pharmacologic effect. Body com-
position changes with age, and there will be a progressive decrease in lean body 
mass, an increase in body fat (greater volume of distribution of lipophilic drugs), 
and a decrease in total body water (smaller central compartment and increased 
serum concentrations of hydrophilic drugs). As discussed previously, drug metab-
olism and clearance are reduced because of the effects of aging on the liver and 
kidney. All these factors will affect the drugs’ pharmacokinetic and pharmacody-
namic, and the anesthetic drug dosage needs to be adjusted accordingly [11] 
(Table 2.3).

2.11  Anesthetic Requirement

2.11.1  Inhaled Anesthetics

Older patients will generally require lower absolute doses of inhalational anesthet-
ics to obtain equivalent anesthetic effects. The minimum alveolar concentration 
(MAC) decreases 6.7% per decade for most volatile agents [12] (Table 2.3), likely 
because of neurophysiological changes in the brain (ion channels, synaptic activity, 
or receptor sensitivity modifications). In the clinical setting, however, anesthesiolo-
gists tend to deliver higher age-adjusted doses of volatile anesthetics during mainte-
nance of anesthesia in elderly patients, 3.8% less volatile anesthetics per decade 
rather than the recommended 6.7% [13], and this should not be the case since 
emerging, although controversial, evidence suggests that increased depth of anes-
thesia may be associated with postoperative cognitive dysfunction, delirium, and 
increased mortality [14]. The best strategy is to titrate volatile anesthetics with the 
assistance of depth of anesthesia monitoring [15].
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2.11.2  Intravenous Anesthetic Agents

Thiopental is not used in modern anesthesia and has been replaced by propofol, a 
rapid, short-acting alkylphenol. The brain becomes more sensitive to the effects of 
propofol with age [16], and for patients older than 60 years, the elimination clear-
ance decreased linearly. Therefore, propofol dosing needs to be reduced (Table 2.3), 
mostly when administered with any other induction agent, narcotics or benzodiaz-
epines, as anesthetic depth is synergistically increased. Induction dose with 1.0–1.5 
mg/kg in the elderly produces a rapid onset of anesthesia (<1 min), lasting 5–10 
min; the dose must be reduced to 0.5–1.0 mg/kg with opioids or when midazolam is 
given. The induction dose should be further reduced for patients over the age of 
70–80 [17]. Propofol is a good choice because of rapid recovery time and few side 
effects. For example, patients older than 80 years exhibit less postanesthetic cogni-
tive impairment as compared to other hypnotic agents.

Table 2.3 Suggested dose adjustments in geriatric patients for drugs frequently used in 
anesthesia

Drug Adult dose Geriatric dose
Propofol •  Bolus 2-2.5 mg/kg

•  Infusion 100-250 mcg/kg/min
•  1.2-1.7 mg/kg or 20% reduction in 

bolus dose
•  30% reduction in infusion

Midazolam 0.2–0.3 mg/kg •  0.05–0.15 mg/kg in premedicated 
patients

•  20% reduction in patients aged >55 
years

•  75% reduction in patients aged > 
90 years

Sevoflurane MAC closest to age 40 = 2.1% MAC is reduced by 6.7% per decade of 
increasing age
•  60 years ≅ 1.6%
•  70 years ≅ 1.5%
•  80 years ≅ 1.4%
•  90 years ≅ 1.3%

Desflurane MAC closest to age 45 = 6.0% MAC is reduced by 6.7% per decade of 
increasing age
•  60 years ≅ 5.8%
•  70 years ≅ 5.5%
•  80 years ≅ 5.1%
•  90 years ≅ 4.8%

Morphine •  0.1–0.2 mg/kg intraoperatively
•  1–2 mg boluses tritrated to effect 

for acute postoperative analgesia

•  50% reduction in dose
•  No change

Fentanyl 1–2 mcg/kg for short-term analgesia 50% reduction in dose
Remifentanil •  Bolus 0.5–1 mcg/kg

•  Infusion 0.03–0.1 mcg/kg/min
•  50% reduction in bolus dose
•  33% reduction in infusion dose

MAC minimum alveolar concentration, MAC values for geriatric patients from [12]
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Aging may influence sedation and cardiorespiratory functions in response to 
midazolam, a short-acting benzodiazepine, widely used as an anxiolytic, sedative, 
and anesthetic adjuvant. These effects are related to increased brain sensitivity and 
decreased drug clearance. A dosage of 0.02 mg/kg for preoperative sedation is 
effective in reducing anxiety, without compromising cardiorespiratory function 
[18]. Sedation with midazolam is safe and well tolerated in the elderly, provided 
that the dosage is reduced according to patient age (Table 2.3). Induction of general 
anesthesia with midazolam is feasible, and the dose should be 0.1–0.15 mg/kg, with 
further reduction to <0.1 mg/kg if synergistic drugs, such as opioids, are used.

2.11.3  Opioid Analgesics

Opioids suppress pain by their action in the brain, spinal cord, and peripheral ner-
vous system and provide the analgesic component of anesthesia, especially during 
total intravenous anesthesia (TIVA). With age, the brain becomes more sensitive to 
opioids and older patients are more sensitive to the respiratory depressant effects of 
opioids.

Morphine is metabolized (>90%) mainly in the liver, with most of the conversion 
to morphine-3-glucuronide (M3G) and morphine-6-glucuronide (M6G, analgesic 
effects). Patients with renal insufficiency may have impaired elimination of mor-
phine glucuronides, and this may account for some of the enhanced analgesia from 
a given dose of morphine in the older patient [19].

Sufentanil, alfentanil, and fentanyl are approximately twice as potent in older 
patients, and the dose requirements decrease by 50% over the age range 20–89 years 
[20] (Table 2.3). These findings are related to brain increased sensitivity to opioids 
with age, rather than alterations in pharmacokinetics [20].

Remifentanil, a relatively new synthetic opioid, is quickly hydrolyzed by nonspe-
cific plasma and tissue esterases to essentially inactive compounds, which are excreted 
by the kidneys. Remifentanil has a context-sensitive half-time that is very short, is not 
influenced by hepatic or renal failure, and is also independent on the duration of infu-
sion. In the older adults, remifentanil is approximately twice as potent. Minto et al., 
comparing 20- vs. 80-year-old patients, demonstrated an age- dependent reduction of 
both central compartment volume and clearance, and a much smaller remifentanil 
dose infusion is required in the elderly [21]. With the Minto model for target-con-
trolled infusion of remifentanil, elderly patients receive less drug for a similar target 
concentration than younger patients of similar height and weight [22].

Although recommendations currently exist for intravenous dosing, recent studies 
have found that elderly patients are routinely given intravenous anesthetic drugs 
greater-than-recommended doses for their age, and this is associated with clinically 
significant hypotensive episodes (MAP < 60 mm Hg or reduction by >40% from 
baseline) [17, 23].
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2.11.4  Neuromuscular Blocking Agents

Muscle relaxation is one of the components of balanced anesthesia. Aging can 
have significant effects on the pharmacokinetics of neuromuscular-blocking 
drugs, when the drug depends on liver or renal metabolism [24]. Intermediate-
acting relaxants, vecuronium and rocuronium, which depend on end-organ elimi-
nation, may have a significantly prolonged duration of action in elderly patients, 
and appropriate changes must be made to drug dosage and dose intervals. 
Atracurium and cisatracurium, eliminated primarily by temperature-dependent, 
spontaneous Hoffman degradation, do not have prolonged duration. Recovery 
time is almost identical to young subjects, with no difference in dosage require-
ments in the elderly. Mivacurium action is prolonged, due to the decreased plasma 
acetylcholinesterase that accompanies aging. Short- to intermediate-acting mus-
cle relaxants should be used in all elderly patients when extubation is planned at 
the end of the surgery. Pharmacological reversal of neuromuscular blockade must 
be a standard procedure in the geriatric population, since postoperative residual 
curarization may increase postoperative pulmonary complications, such as pneu-
monia and atelectasis [25].

2.11.5  Local Anesthetics

In the elderly, the response to local anesthetics is more intense [26]. With aging, 
there is a decline in the number of neurons within the spinal cord and slowing of 
conduction velocity in the peripheral nerves. A progressive sclerotic closure of the 
intervertebral foramina occurs with aging, and the epidural compliance increases, 
and a lower dose of epidural local anesthetic is required to block the same number 
of segments. After epidural administration, there is an increased spread of the local 
anesthetic, intensity of the motor blockade is enhanced, and the level of the block 
may be higher [27]. Both bupivacaine and ropivacaine enhance the intensity of 
motor blockade, and bupivacaine provides a fast onset time.

When local anesthetics are administered in the subarachnoidal space (spinal 
anesthesia), the spread of analgesia varies with the baricity of the solution. With 
hyperbaric bupivacaine, sensory analgesia develops more rapidly in patients older 
than 80 years, and the maximum level of analgesia is also higher (at least by one 
dermatome) [28]. Hemodynamic changes (bradycardia, hypotension) after neurax-
ial anesthesia are more frequent with advancing age [29], requiring continuous and 
careful hemodynamic monitoring.

The effects of local anesthetic agents, administered for obtaining peripheral 
nerve blocks, have longer duration in the elderly population. Ropivacaine (0.75%) 
induces sensory and motor blocks that last longer, likely as a consequence of altera-
tions of nerve physiology and sensitivity to local anesthetics [30].

2 Anesthesia for the Elderly Patient



18

2.12  Preoperative Assessment

The preoperative assessment of the elderly patient must embrace not only physical 
status and comorbidities but also domains, such as cognition, functionality, frailty, 
polypharmacy, nutrition, and social support [31]. The patient should be evaluated 
several days before the surgery, possibly after medical information has been obtained 
from the surgeon or primary care physician. The assessment includes history, physi-
cal examination, and review of the medical chart. Due to the high frequency of post-
operative neurologic, pulmonary, and cardiac complications in the elderly, the 
anesthesiologist should pay special attention to these specific organ systems.

With the aim of improving the quality of care, recent guidelines recommend 
precise preoperative assessments for every geriatric patient [32, 33]. The punctual 
assessment emphasized in the guidelines is intended to be as a multidisciplinary 
approach from the full team involved in the care of the patient: the physician (inter-
nist, geriatrician), the surgeon, and the anesthesiologist.

2.12.1  Performing Complete History and Physical Examination

Clinical history and physical examination allow the assessment of the physical sta-
tus, the comorbidities, and the functional reserve of the patient. During the visit, the 
anesthesiologist should recognize the alterations that may require preoperative cor-
rection (dehydration, hypovolemia, anemia, electrolyte disturbances, arrhythmias).

2.12.2  Conducting Cognitive Assessment, Including the Patient’s 
Ability to Understand the Purpose of the Planned Surgical 
Procedure

Assessment and documentation of the baseline cognitive status will facilitate recog-
nition of postoperative cognitive dysfunctions. Simple-to-administer and reproduc-
ible tests can be useful, such as the Mini-Cog, a composite of three-item recall and 
clock drawing [34], or the Mini-Mental Status Examination, with scores from 0 to 30 
(a score less than 17 indicates dementia) [35]. The patients must understand the anes-
thesia plan and give his/her consent to treatment. When the patient loses decision- 
making capacity, because of cognitive dysfunction, it will be necessary for a legal 
representative to grant informed consent, according to the laws of the country [36].

2.12.3  Screening for Depression

Depression has been associated with higher pain perception and increased postop-
erative analgesic use. To evaluate depression, the anesthesiologist may use very 
simple tools, such as the Patient Health Questionnaire-2 [37], or ask for advice from 
a psychiatrist.
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2.12.4  Determining Risk Factors for Postoperative Delirium

Delirium is an acute decline in cognitive function with reduced awareness and dis-
turbance of attention that tends to fluctuate throughout the day. The main predispos-
ing risk factors for delirium are cognitive impairment (Mini-Mental State 
Examination score <  24) [35], dementia (main predisposing factor), depression, 
multimorbidity, reduced functional status (i.e., reduced levels of independence, 
abilities, and socialization) and/or frailty, malnutrition (low serum albumin), dehy-
dration (blood urea nitrogen-to-creatinine ratio <  18), alcohol abuse, sensory 
impairment (hearing and visual), drug interactions (anticholinergics, benzodiaze-
pines), pain, hypoxia, and metabolic disturbances [38].

2.12.5  Screening for Substance Abuse/Dependence, Including 
Alcohol

Alcohol abuse and dependence are associated with increased rates of postoperative 
mortality and complications, including pneumonia, sepsis, wound infection, and 
prolonged hospitalization [39]. Prophylaxis for withdrawal syndromes should be 
considered, and in the case of alcohol abuse, patients should receive, in the periop-
erative period, daily multivitamins (with folic acid) and high-dose oral or parenteral 
thiamine (100 mg).

2.12.6  Performing Cardiac Evaluation

Older patients are more vulnerable to perioperative cardiac adverse events [40]. 
Therefore, it is critical to evaluate the cardiac functional reserve of the patient and 
plan the appropriate perioperative screening (Fig. 2.2) and management. Functional 
capacity can be measured in metabolic equivalents (METs) and can be used as a 
predictor of future cardiac events. One MET equals the basal metabolic rate (oxy-
gen consumption at rest = 3.5 mL O2/kg bw/min), and exercise testing provides an 
objective assessment of functional capacity. Without testing, functional capacity 
can be estimated from the ability to perform daily living activities. Walking on level 
ground (about 6 km/h) or climbing two flights of stairs demands 4 METs, while 
strenuous sports, such as swimming, >10 METs. Generally, <4 METs indicates 
poor functional capacity, associated with increased incidence of postoperative car-
diac events and worse short- and long-term outcome in patients undergoing noncar-
diac surgery. Cardiac risk estimation is based on patient characteristics and type of 
surgery (nature and duration of the surgical procedure), and laboratory measure-
ments and noninvasive/invasive testing are required accordingly, following evi-
dence-based algorithms (Fig. 2.2) [41].
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2.12.7  Assessing Risk Factors for Postoperative Pulmonary 
Complications

Postoperative pulmonary complications have an incidence of 40% in the 
elderly and contribute to overall morbidity and mortality. Many independent 
variables are associated with respiratory failure, as the American Society of 
Anesthesiologists (ASA status) classification, emergency and/or complex sur-
gery, preoperative sepsis, and elevated creatinine. Older age, male patients, 
smokers, and patients with a history of congestive heart failure or COPD, or 
both, are also predisposed [42].

Step 1
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Urgent surgery
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Fig. 2.2 Algorithm for patients undergoing noncardiac surgical procedure
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2.12.8  Documenting Functional Status and Fall History

Reduced levels of independence, abilities, and socialization are common among the 
elderly, as a result of gait alteration, loss of coordination, reduced or nullified 
sphincter control, malnutrition, associated illnesses, and/or cognitive deterioration. 
Impaired functional status is associated with surgical site infection, increased mor-
tality, and complication rate [43]. Functional status can be measured by activities of 
daily living (ADL, physical day-to-day self-care) and instrumental ADL (IADL, 
complex task activity) [44]. Patients who are not able to complete the Timed Up and 
Go test in less than 20 s are regarded as being at risk of falls [45].

2.12.9  Calculate Frailty Score at Baseline

Frailty, a condition of critically reduced functional reserves, involving multiple 
organ systems, is an age-associated decline in five domains: shrinking (weight loss), 
weakness (decreased grip strength), exhaustion, low physical activity, and slowed 
walking speed (measured by the speed at which the patient walks a fixed distance). 
These domains can be easily assessed using the frailty index [46]. Hypoalbuminemia, 
hypocholesterolemia, and high levels of inflammation, together with muscular atro-
phy, are specific markers. Frailty (6.9% in older patients) independently predicts 
postoperative complications, length of stay, and discharge to a skilled or assisted 
living facility [46].

2.12.10  Assessing Nutritional Status and Considering 
Implementation of Preoperative Interventions 
for High-Risk Patients

Suitable tools for evaluating the nutritional status are the body mass index and 
weight loss within the last 6 months. Among acutely hospitalized older patients, the 
prevalence of malnutrition is 52%, and the most widely used test to assess nutri-
tional status and diagnose malnutrition is the Mini-Nutritional Assessment, which 
can be performed at the bedside using a questionnaire, with scores ranging from 0 
to 30 (<17 indicates malnutrition) [47]. Malnutrition may be secondary to somatic, 
psychic, or social problems, is associated with a worse prognosis, and is an indepen-
dent risk factor for morbidity and mortality. Reversing established preoperative 
nutritional deficit, especially in short periods of time, is challenging. In high-risk 
patients, improvement in the nutritional status can be achieved over time by ade-
quate diet, hand feeding, additional sip feeding, or enteral nutrition [48]. A multi-
modal rehabilitation program, consisting of exercise training and nutritional and 
psychological support, seems to improve the ability to undergo the stress of surgery 
and provides faster recovery [49]. Every effort should be made to prevent the devel-
opment of malnutrition during hospitalization.
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2.12.11  Taking a Complete Medication History, Making Needed 
Perioperative Adjustments, and Monitoring 
for Polypharmacy

Older patients take multiple medications, which can be appropriate, but increase the 
risk of adverse drug reactions (ADRs), impaired physical and cognitive function, 
and hospital admission. To minimize the risk for ADRs, the anesthesiologist needs 
to identify potential interactions between medications and anesthetic drugs and 
medications that should be discontinued or avoided before surgery, according to the 
Beers criteria, which must be used as a guide of good practice [50]. Polypharmacy 
is defined as taking more than five regular prescribed medicines. Deprescribing 
(reducing specific classes of medicines) may decrease ADRs and improve quality of 
life. This process, however, should be the aim of the full team taking care of the 
patient, because it can be a difficult task for the anesthesiologist when the preopera-
tive visit is very close to the surgery or in case of emergency.

2.13  Perioperative Anesthetic Procedure

2.13.1  Preoperative Testing

Screening in the elderly patient should always include hemoglobin, renal function 
tests (blood urea nitrogen, creatinine), and albumin evaluation. Further diagnostic 
tests may be required on an individual basis, according to preoperative clinical 
assessment and surgical plan, to confirm the presence or absence of diseases (e.g., 
Fig. 2.2).

2.13.2  Preoperative Fasting

Clear fluids (water, tea, black coffee, fruit juices without pulp) can be given up to 2 
h before anesthesia (general anesthesia, regional anesthesia, or sedation/analgesia), 
and the minimum fasting period for a light solid meal should be 6 h [51]. A 
carbohydrate- rich beverage before elective surgery improves subjective well-being, 
reduces thirst and hunger, and reduces postoperative insulin resistance. Recent evi-
dence suggests that the carbohydrate-rich beverage attenuates fasting-induced stress 
in the elderly, without known risks of pulmonary aspiration [52].

2.13.3  Choice of Anesthetic Technique

Scientific evidence is insufficient to recommend the “most appropriate” anesthetic 
approach for elderly patients. General and regional anesthetic techniques have 
advantages and disadvantages, and the baseline functional status of the patient (as 
well as the type of surgery) needs to be considered when selecting anesthetic drugs 
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and technique (Tables 2.3 and 2.4). Intensity of monitoring, during and following 
anesthesia, is determined on an individual basis, considering the patient’s physical 
status and the surgical procedure. Monitoring depth of anesthesia (with processed 
EEG signal, e.g., Bispectral Index monitoring) may be a useful guide for effective 
titration of hypnotic drugs administration and avoids deep level of anesthesia, detri-
mental for elderly patients [15, 53].

Anesthesia-related complications are rare, and postoperative complications in 
the elderly are mostly related to the entire perioperative procedure [54]. General 
and locoregional techniques are both appropriate for older patients [55]. Neuraxial 
anesthesia, however, is increasingly viewed as a reasonable alternative to general 
anesthesia, and some surgical procedures, especially hip fracture surgery, seem to 
benefit from locoregional approaches [56]. Various beneficial effects from neur-
axial blocks (epidural, spinal, or combined spinal-epidural techniques) have been 
reported, such as reduced 30-day mortality, decreased risk of pneumonia, opiate-
sparing effects, and postoperative inhibition of fibrinolysis [57]. General anesthe-
sia has a lower incidence of systemic hypotension and cerebrovascular accidents 
compared to neuraxial anesthesia [56], and the occurrence of hypotension is a 
strong and highly significant predictor for worse outcome in the elderly [53, 58]. 
Future studies will indicate whether the anesthesia choice will affect outcome in 
elderly patients. The recently started REGAIN trial is a multicenter randomized 
trial that will compare several outcomes, including recovery of functional indepen-
dence, in patients undergoing spinal or general anesthesia for hip fracture surgery 
in the USA and Canada [59].

Table 2.4 Geriatric physiology and anesthetic implication

System Geriatric physiology Anesthetic implications
Cardiovascular Decresed sympathetic tone Labile blood pressure

Sensitivity to hypotension and 
volume overload
Cardiac function decline with 
inadequate cardiac filling

Decreased venous compliance and 
preload
Impaired baroreceptor response
Cardiac diastolic dysfunction

Pulmonary Increased pulmonary arterial 
pressure

Raised PAO2-PaO2 gradient

Decreased responce to hypoxia and 
hypercarbia

Sensitivity to hypoxia and 
hypercarbia

Decreased muscle mass and lung 
elasticity

Increased dead space ventilation 
and work of breathing

Decreased cough reflex and 
esophageal motility

Sensitivity to residual anesthetic 
effects
Aspiration risk

Nervous system Decreased neurotransmitters Increased risk of postoperative 
cognitive dysfunction

Endocrine system Impaired glucose tolerance Increased intraoperative 
hyperglycemia

Hepatic/renal system Altered drug metabolism Decreased drug clearance
Thermoregulation Decreased muscle mass and 

vascular reactivity
Increased risk of hypothermia
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2.13.4  Intraoperative Fluid Management

The use of fixed-volume (mL/kg/h) fluid strategy should be avoided in elderly patients, 
because fluid in excess may have deleterious effects on cardiac and pulmonary func-
tions, recovery of gastrointestinal motility (postoperative ileus), tissue oxygenation, 
wound healing, and coagulation [60]. A goal-directed fluid strategy should be pre-
ferred [61], and accurate intraoperative fluid balance should always be pursued.

2.13.5  Postoperative Nausea and Vomiting

Postoperative nausea and vomiting (PONV) constitutes a major unpleasant symp-
tom after anesthesia and surgery, and risk stratification is essential in preventing and 
managing PONV [62]. Older adults at moderate or high risk for PONV should 
receive prophylactic interventions avoiding medications (anticholinergics) that can 
precipitate confusion and postoperative delirium [50].

2.13.6  Acute Postoperative Pain Treatment

Pain evaluation should be integrated into perioperative care, and verbal pain scales 
produce better pain assessment compared to nonverbal scales. In older patients, the 
use of tools appropriate to cognitive abilities [63] facilitates the regular evaluation 
and documentation of pain intensity, efficacy, and side effects of pain therapy. An 
individual multimodal analgesic plan should be developed for every older patient, 
according to baseline functional status, pain history, and type of surgery. 
Inappropriate pain medications should be avoided [50]. Opioid-based acute pain 
management may be used, with age-adjusted dose to avoid adverse side effects 
(somnolence, respiratory depression, constipation), and this is especially important 
in frail patients who poorly tolerate systemic opioids. Meperidine has been always 
associated with an increased risk of delirium in elderly surgical patients and should 
be avoided [64]. Opioid-sparing techniques, such as perioperative paracetamol, and/
or regional techniques (neuraxial blockade or peripheral nerve blocks) are good 
choices for treating acute postoperative pain, and in collaborative patients, patient- 
controlled analgesia (PCA) should be considered.

2.14  Postoperative Cognitive Impairment

After surgery, older adults are at high risk of cognitive impairments, and the most 
common disorders are postoperative delirium and postoperative cognitive dysfunc-
tion. When feasible, hospitalization of older patients should be avoided or reduced 
to a minimum, since postoperative cognitive dysfunction occurs less frequently 
after outpatient surgery [65].
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2.14.1  Postoperative Delirium

Delirium (acute and fluctuating changes of cognitive function) is diagnosed accord-
ing to the Diagnostic and Statistical Manual of Mental Disorders [66]. In older 
adults, even a single episode of postoperative delirium (POD) has been related to 
prolonged hospitalization, loss of functional independence, declined cognitive abil-
ity, and death [67].

The exact mechanism of POD is not fully understood. POD is a reversible con-
dition and is mainly influenced by risks related to the patient, and not by the anes-
thesia mode, general or locoregional, although drugs such as anticholinergics and 
benzodiazepines should be avoided in patients at risk for delirium [38]. Screening 
for POD should start in the recovery room and continue during the complete hos-
pitalization period. Delirium can be diagnosed with several tools. The Confusion 
Assessment Method (CAM), which considers onset and course of POD, attention, 
thinking, and level of consciousness, is the most used tool. CAM is a bedside rating 
scale developed to assist clinicians, not trained in psychiatry. Delirium can mani-
fest as hyperactive (combative or agitated), hypoactive (lack of awareness and 
decreased motor activity), and mixed (hypo-/hyperactive) form, with an incidence, 
respectively, of 1.4, 67.6, and 31.1% in older adults [68]. To prevent or attenuate 
POD, it is recommended to implement proactive nonpharmacological measures, 
consisting mostly of orientation (clock, communication, etc.), visual/hearing aids, 
noise reduction and maintenance of a day/night rhythm, avoidance of unnecessary 
indwelling catheters, early mobilization, and early nutrition [69]. Prevention of any 
precipitating medical cause is the best therapy. It is of utmost importance to antici-
pate and treat pain and to correct any metabolic and electrolyte disturbances; phar-
macologic therapy for neuropsychiatric disorders should be continued in the 
perioperative period, and drugs known to trigger delirium should be used with 
caution. In case pharmacologic intervention is advisable, low-dose haloperidol 
(0.25 mg stepwise titrated up to maximum of 3.5 mg, maximum dose/day < 6 mg) 
can be given [38, 70].

2.14.2  Postoperative Cognitive Dysfunction

Postoperative cognitive dysfunction (POCD) is a reversible decline in cognitive 
functions, especially memory, which lasts weeks or months after surgery. Unlike 
delirium, POCD cannot be recognized according to DSM criteria [66]. The risk of 
POCD increases with age, is frequent in older patients, and implies impairment in 
several cognitive domains (attention, memory, and psychomotor ability) [71]. 
Because of its intricate nature, a battery of neuropsychological tests is required to 
detect POCD, and the diagnosis can be made only by comparing pre- and postop-
erative neuropsychological tests.
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2.14.3  Persistent Cognitive Dysfunction

Reversible postoperative decline in cognitive functions, which lasts from days to 
few months, must not be confused with persistent cognitive dysfunction. Surgery 
and anesthesia are unlikely to produce persistent cognitive decline. In a study of 
more than 8500 middle-aged and elderly Danish twins, recently published in 
Anesthesiology, researchers found no clinically significant association between sur-
gery and general anesthesia with long-term cognitive decline [72]. Persistent dete-
rioration in cognitive function reflects a cognitive impairment that was already 
present before surgery. Cognitive function is not currently assessed in the preopera-
tive period, and when elderly individuals experience persistent cognitive decline 
after a surgical procedure, the surgery is usually a coincidence pretending to be the 
cause.

 Conclusions
The knowledge of the physiological changes associated with aging and a careful 
preoperative evaluation of the patient are essential to plan and optimize the anes-
thetic care of older adults. The comprehensive care of elderly patients, however, 
needs to rely on a multidisciplinary dedicated team, including at the very least 
the physician, the surgeon, and the anesthesiologist, and this approach may sig-
nificantly improve periprocedural results and both short- and long-term out-
comes in senior patients requiring surgical procedures.
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3.1  Introduction

Geriatric surgery is the branch of medicine concerned with the surgical care of older 
adults. To meet the special needs of these patients and restore the highest possible 
level of practical functioning, it applies the principles of general surgery coupled 
with the formal assessment of potential risks and benefits, treatment options, and 
outcomes. Because preservation of functional independence is considered a more 
meaningful patient-reported end point than disease-free survival, determining the 
factors that can predict the maintenance of functional status is of critical importance 
in health-care delivery to the elderly [1–4].

Broadly defined, aging is a complex, differentiated process. Age-related biologi-
cal parameters diverge as people grow older, whereas they tend to converge toward 
a narrower range of mean values in the young. Moreover, the trajectory of func-
tional decline is malleable and can be reversed in many organs and systems. In liv-
ing organisms, aging is a physiological, genetically programmed, universal, and 
heterochronic process. The term “heterochronic” describes the phenomenon that 
organs and systems senesce at different rates in the same organism. Heterochronic 
senescence is of central importance to geriatric medicine and surgery for distin-
guishing between diseases (curable or treatable) and incurable heterochronic condi-
tions. For example, a 70-year-old with diabetes has a condition that a physician can 
treat. Conversely, a 70-year-old afflicted with panvasculopathy has a heterochronic 
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condition in which the cardiovascular system shows clinical signs of premature 
aging that would normally be expected to be seen in a centenarian and about which 
the physician can do nothing.

Another aspect of aging is the difference between normality and normal: normal-
ity refers to physiological function in relation to biological age; normal is a statisti-
cal concept that refers to levels of functioning according to age class. To illustrate, 
arthrosis in an 80-year-old can be regarded as “normal” because it occurs statisti-
cally in many patients; however, it is not the normality since joint aging does not 
lead to severe cartilage deterioration. In fact, not all older adults suffer from arthro-
sis. Whereas normality refers to a physiological-functional and, hence, is an objec-
tive fact, normal refers to a subjective evaluation of functioning along a spectrum of 
cultural norms and social compliance. A 90-year-old woman with urinary inconti-
nence, but otherwise self-sufficient and cognitively oriented, would be regarded by 
her family as being “normal” but not by nursing home administrators since her 
condition would mean extra work for the facility staff.

A third distinction to be made in aging concerns the difference between physio-
logical condition and pathological condition. While the boundary between the two 
is usually clear in younger patients, it is blurred in the elderly and is more of a quali-
tative than a quantitative nature. This leads to a discussion of the differences between 
chronologic age and biological age.

Aging is characterized by homeostasis: a functional older adult may maintain 
good health into old age but will become increasingly vulnerable to stress and ill-
ness as physiologic reserve decreases [5, 6]. The difference between chronologic 
age and biological age derives from the difference between the functional reserve 
statistically expected for a given age group and the physiological reserve an indi-
vidual patient actually has. Over the past century, the average life expectancy has 
increased, and with it, a life span beyond age 80 is now more common in Europe 
and the United States. At this stage of older age, an elderly person’s sociofunctional 
status can be classified from robust to frail conditions (fit, pre-frail, frail).

In older adults, the surgical management of diseases is often complicated by age- 
related physiological changes and altered response to treatment. Besides prolonged 
hospitalization and bed rest, other factors including immobilization, reduced plasma 
volume, sensory deprivation, and reduced dietary intake can deplete the patient’s 
physiologic reserve, precipitating further functional decline or irreversible depen-
dence. Biological age, which is the cumulative result of pathophysiological aging, 
comorbidity, and genetic factors, seems to be a better predictor of the degree of fit-
ness and performance status of a patient during an illness [5].

For this reason, geriatrics (medical and surgical) embraces a holistic approach 
rather than the disease-based model of conventional medicine. Consistent with this 
holistic view is the notion that there are no “elderly diseases” (like there are child-
hood diseases) but that certain diseases occur more often in older age. Central to 
geriatrics is the assessment of how an older adult’s organism reacts to a disease, 
which will differ from that of a younger adult. In geriatric surgery, successful patient 
outcome is not the result of surgical technique but rather of a deep understanding of 
the geriatric patient.
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In the surgical care of older patients, several factors increase susceptibility to 
perioperative stress:

 – Low physiological reserve
 – Slow recovery rate
 – Difficult adaptation
 – Increased susceptibility to bleeding, hypotension, hypovolemia, and anoxia
 – Increased susceptibility to constipation and meteorism
 – Lower resistance to infections
 – Increased susceptibility to intravasal coagulation
 – More catabolic metabolism
 – Hypoventilation due to rigid rib cage and weak diaphragm

These factors categorize the older adult as a high-risk surgical patient. Based on 
personal experience [7], 25% of risk is attributable to age and surgical disease, 
while the general condition of body systems needed to respond to surgical stress 
accounts for the remaining 75%. To illustrate this point, we can take as an example 
a risk calculation model for a patient with diabetes [8]. The model uses a simple 
equation for calculating biological age: anagraphic age plus duration of diabetes in 
years. For instance, a 65-year-old with a 10-year history of diabetes presents the 
same clinical problems as those statistically expected for a 75-year-old. Surgical 
treatment of a diabetic patient involves not only glycemic control but also manage-
ment of the risks associated with the systemic complications of diabetes. Because of 
the age-related decline in organ and system function, older age constitutes a surgical 
risk factor per se: the older the patient, the lower the functional reserve and the 
higher the surgical risk irrespective of associated pathologies.

“The traditional view in surgical and clinical care is that age does not matter 
when survival outcomes involve the oldest-old patients.” This notion has been chal-
lenged by strong evidence to the contrary. Because the aging process diminishes the 
physiological functional reserve of vital organs, chronologic age in itself constitutes 
an established risk factor [3, 9]. This is, in fact, substantiated by the observation of 
a decline in renal function (slower glomerular filtration rate, decreased ability to 
concentrate, and dilute urine), cardiocirculatory function (lower maximal heart rate, 
decreased myocardial and vascular adrenergic response), and respiratory function 
(reduced elastic lung recoil and closing volume, altered ventilation/perfusion ratio 
with increased intrapulmonary shunt). Since these changes can affect the entire 
geriatric population, advanced age represents a surgical risk and poses both the 
patient and the surgical care team with difficult decisions about major surgery.

In geriatric surgery, risk assessment is of fundamental importance. The origin of 
modern geriatric surgery can be traced back to a presentation by William Parsons (The 
Elderly Patient as a Surgical Risk, presented at the 56th Annual Meeting of the Western 
Surgical Association, St. Louis, MI, 4 December 1948). Several models for the assess-
ment of surgical risk in the elderly have been developed, some of which involving 
complex mathematical calculations [10]. Despite its limitations, the American Society 
of Anesthesiologists (ASA) Physical Status classification system, initially created in 
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1941 and revised several times since then, is the simplest and most practical grading 
system currently available to evaluate a patient’s preoperative physical state and surgi-
cal risk also in geriatric patients. When coupled with the comprehensive geriatric 
assessment (CGA) scheme, it can be used to assess various physical, social, and psy-
chosocial dimensions in the elderly. Other classification systems, such as the Reiss 
Index [11, 12], also investigate these variables. A simple arithmetic calculation is insuf-
ficient to predict surgical risk in such complex patients, however. Treatment options 
need to be personalized and based on a deep understanding of geriatrics. “An expert 
opinion would be required at the bedside. Scoring will never replace clinical judgment” 
[13]. Two common risk factors in the elderly are the immobilization syndrome and 
malnutrition, both of which are more often present in institutionalized patients.

3.2  Immobilization Syndrome

Immobilization refers to the physical restriction or limitation of the body and limbs, 
as may result from altered physiological function following prolonged bed rest 
(more than 3 days), with inability to move in bed, get into or out of bed, or walk. 
Decreased activity and gradual deconditioning lead to the function-limiting compli-
cations commonly seen in the immobilization syndrome [14]. The immobilization 
syndrome is a multisystem degenerative process that affects the body’s major sys-
tems and structures. Initially reversible, it may progress, severely compromising 
function and result in irreversible organ damage. It is also one of the leading causes 
of morbidity and mortality in the elderly. Prolonged immobilization, which is rarely 
justifiable, ultimately affects all body systems and structures.

Loss of orientation to person and mental deterioration may occur, manifesting 
with abulia and psychomotor agitation. Abulia is characterized by the loss or impair-
ment of the ability to perform voluntary actions or to make decisions, whereas psy-
chomotor agitation is characterized by restless activity inappropriate to context that 
tends to increase at night due to the reduction in orientation stimuli.

The most conspicuous effect of prolonged immobilization is loss of muscle 
strength and endurance. Muscle atrophy sets in early, already after a few days of bed 
rest. A muscle at complete rest loses 10–15% of its strength each week, and nearly 
half of normal strength is lost within 3–5 weeks of immobilization [15]. With pro-
longed bed rest, contractures (or, more accurately, pseudocontractures) may occur 
due to progressive shortening of muscle fibers. Ankylosis, particularly of the lower 
limbs, is a common complication of immobilization. Ankylosis and pseudocontrac-
tures make it increasingly difficult to mobilize the patient or achieve and maintain 
upright posture. Bones can develop disuse osteoporosis, leading to increased risk of 
bone fracture, loss of bone mass, hypercalcemia, and negative calcium balance.

One of the most common complications of immobilization is the development of 
pressure sores, which tend to occur more often and earlier (within 2 weeks of bed 
rest) with advancing age. The incidence of pressure sores is estimated to be more 
than 70% in patients aged over 70 years and to increase nursing costs by up to 50% 
[16]. Common sites at higher risk for the development of pressure sores are the 
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areas with little fat and muscle over bony prominences: the sacrum, lower back, 
heels, greater trochanters, ankles, and ischial tuberosities. Pressure sores can 
become infected, leading to secondary sepsis and death.

Cardiovascular deconditioning with prolonged bed rest includes increased rest-
ing heart rate and decreased ejection fraction and stroke volume. The shorter dia-
stolic filling period reduces coronary blood flow and oxygen delivery to cardiac 
muscle, leading to a decline in cardiovascular function that appears to stabilize over 
time. A typical complication is orthostatic hypotension, which increases the risk of 
syncopal episodes and cerebral hypoperfusion on assumption of upright posture. 
This occurs within 2–3 weeks of bed rest due to an excessive pooling of blood in the 
lower extremities and a decrease in circulating blood volume [15]. Another poten-
tial complication is venous thrombosis. Venous thromboembolism is due primarily 
to venous stasis and to a lesser degree to increased blood coagulability. Stasis occurs 
in the legs owing to decreased contraction of the gastrocnemius and soleus muscles. 
Most deep venous thrombi occur in the calf muscles and originate mainly in the 
soleus sinus. Length of bed rest is directly related to the frequency of deep venous 
thrombosis. Patients with venous thrombosis have a 50% higher likelihood of devel-
oping pulmonary emboli; the mortality rate is about 20–35%.

Reduction of rib cage expansion and displacement of the diaphragm cephalad 
due to the pressure from the bed are predisposing factors to hypoventilation of the 
dependent areas of the lungs. Failure to fully expand the chest wall results in a 
25–50% decrease in respiratory capacity [16]. In the horizontal position, lung perfu-
sion is altered, leading to changes in the ventilation/perfusion ratio, and results in 
respiratory insufficiency and hypoxemia. In addition, the mucociliary clearance and 
the cough reflex are impaired, increasing the risk of infection of the lung 
parenchyma.

Irrespective of the patient’s emotional state, anorexia and constipation are com-
mon complications of immobilization. Uncomfortable bed position and feelings of 
embarrassment can inhibit the defecation reflex, resulting in the buildup of stool in 
the colon and dehydration. Stool retention and impaction stretch the rectum and 
colon. Over time, the stretch receptors in the rectum are inhibited, with loss of the 
urge to defecate. In paradoxical diarrhea, liquid stool flows around a hard, impacted 
fecal mass inside the rectum. The continued presence of the fecal mass irritates the 
rectal mucosa, leading to the overproduction of mucus and the formation and leakage 
of watery stool. Fecal impaction can also put pressure on the bladder neck, creating 
an obstacle to urination already impaired by prostate hypertrophy in older men.

The best method to manage the immobilization syndrome is to prevent it by not 
immobilizing the patient in the first place. Very few situations require complete bed 
rest beyond a couple of days. Patients should be kept in a sitting or semi-sitting posi-
tion to facilitate respiratory and cardiovascular function. Patients should also be 
encouraged to get up and walk at least two to three times over the course of a day to 
use the bathroom or around mealtimes, for example. In this way, intestinal and uri-
nary problems and orthostatic hypotension can be avoided. For patients who must 
not or cannot get out of bed, mobilization exercises of the lower extremities can 
enhance cardiovascular function and prevent deterioration of musculoskeletal 
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function. Patients should also be taught how to perform breathing exercises. For 
patients unable to do active exercises in bed, passive mobilization exercises with 
frequent position changes should be performed to prevent contracture, ankylosis, 
and pressure sores.

3.3  Malnutrition

Malnutrition is one of the leading causes of postoperative complications and mortal-
ity in elderly surgical patients, particularly among the institutionalized elderly. 
Malnutrition places the older patient at higher risk for delayed surgical wound heal-
ing, development of surgical wound complications, and onset and worsening of 
pressure sores. These problems stem from social issues (extrinsic factors) and from 
age-related changes in the gastrointestinal tract (intrinsic factors). The combination 
of both sets of factors makes malnutrition in the elderly often difficult and complex 
to correct.

Extrinsic factors associated with malnutrition include decreased physical ability, 
social isolation (widowers are at increased risk of dietary deficiency) [17], poor 
nutritional knowledge, economic hardship, alcoholism, monotonous diet, lack of 
exposure to sunlight, refusal to change eating habits, indiscriminate use of medica-
tions, and preference for foods that hold a symbolic meaning or for gratifying foods 
to compensate for frustration.

Though age-related changes in the gastrointestinal tract vary considerably from 
person to person, they typically lead to altered function of affected areas. For exam-
ple, inadequate mastication may result from masticatory muscle fatigue and poor 
dentition (often due to financial constraints that preclude oral restoration). The 
senses of smell and of taste, in particular due to loss of gustatory papillae, are dimin-
ished. The taste sensation most often affected is salty, followed by bitter, whereas 
the threshold perception of sweet is usually preserved [18]. This, along with eco-
nomic and psychological factors, explains the predilection for sweet foods among 
the elderly despite reduced glucose tolerance. Muscle incoordination, even when 
cerebrovascular disease is absent, results in altered deglutition [19]. Changes in 
muscular structure and function within the esophagus of adults over 80 years of age, 
as described under the term “presbyesophagus” [20], include reduced speed of 
propagation of the peristaltic wave, particularly to the upper third and the lower 
third segments and incoordination between opening and closing of the lower esoph-
ageal sphincter and propagation of the peristaltic wave. In addition, the production 
of hydrochloric acid, pepsin, and intrinsic factor is decreased, with malabsorption of 
iron and vitamin B12. In the liver, the production of hepatic enzymes and albumin is 
diminished, and drug metabolism is altered. While the overall morphology of the 
small intestinal mucosa remains largely unchanged, the relatively poorly differenti-
ated, immature enterocytes present are functionally incapable of normal absorption 
[21]. Active transport mechanisms are impaired, and lactase production is decreased 
(resulting in lactose malabsorption). Also correlated with advanced age are zinc 
malabsorption (an essential element for numerous metabolic, enzymatic, and 
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immune functions) and deficiency of vitamins A, D, E, and K (typically associated 
with laxative overuse).

Small intestinal bacterial overgrowth syndrome (SIBO) is the most common 
cause of malabsorption in older adults. It is caused by the presence of excessive 
bacteria in the small intestine and is implicated as the cause of megaloblastic ane-
mia. SIBO is caused by the decreased production of gastric juices and local secre-
tion of immunoglobulins by the gastrointestinal tract. The colon is characterized by 
a marked reduction in peristalsis and thinning of the colon wall due to loss of mus-
cle fibers. In patients who use excessive amounts of laxatives, the mucosa appears 
brown to black in color (melanosis), the rectal wall gradually loses elasticity, and 
the mucosa becomes less sensitive.

Extrinsic and intrinsic factors can combine to put the older patient at risk for 
nutritional deficiencies that complicate the postoperative course. Often, however, 
nutritional deficiencies are not related to age but rather to reduced food intake. 
History taking should investigate for social factors that can potentially affect dietary 
habits. Involuntary weight loss of 4–5% over the past year is associated with a sig-
nificant increase in morbidity and mortality. Beyond social and psychological fac-
tors, weight loss may be a sign of undiagnosed illness (neoplasia, hyperthyroidism, 
malabsorption, and, more rarely, cardiorespiratory and renal diseases) [22].

Correction of nutritional status should be achieved with enteral nutrition therapy 
to promote epithelial maintenance and function, as well as mucosal immune func-
tion. Enteral nutrition therapy should be supplemented with dietary integrators to 
correct specific deficiencies [17]. Parenteral nutrition therapy administered via a 
peripheral line or central access should be reserved for patients who cannot or must 
not or do not want oral administration or in situations in which the time for re- 
nutrition is short (preoperative period). It should be remembered, however, that par-
enteral nutrition is not devoid of complications (patient positioning and management 
of infections). During the postoperative period (but also during the preoperative 
period if there is sufficient time), the return to oral intake should not coincide with 
complete discontinuation of parenteral nutrition therapy. Both types of nutrition 
therapy should be continued for several days to ensure adequate caloric intake. 
Continuation of parenteral hydration may be indicated, as often occurs in patients 
who do not have adequate oral fluid intake.1

Where geriatric medicine and surgery differ from other branches of medicine, 
the extent to which a patient’s medical history, epidemiology of diseases, presence 
of coexisting conditions, need for functional assessment, decompensation cascade, 
drug therapy, and real-life circumstances all come into play in the delivery of care. 
One of the principal challenges of clinical geriatrics is early diagnosis owing to the 
difficulty in obtaining a history and the problems with interpreting symptoms [23]. 

1 The authors wish to thank Dr. Marco Tinivella, Head of Dietary and Clinical Nutrition Service, 
San Luigi Gonzaga Hospital, for critical review of this section.
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History taking in the elderly takes extra effort: they are not in a hurry, they have their 
own pace for telling their story, and they need time to tell it. Since reaction times are 
slower, quick answers should not be expected. The patient’s age is often far older 
than that of the physician, creating a generational divide in life rhythm. Questions 
may not always be correctly or completely understood. An ill older adult is particu-
larly vulnerable to the burden of illness, distressed by anxiety and physical pain, and 
distracted by these complicating factors. Often, hearing is impaired, a condition the 
patient may be reluctant to disclose. Symptoms may go unmentioned because it is 
thought to be merely typical of growing old. Moreover, associating certain diseases 
with age-related changes is deeply ingrained in medical culture. Members of the 
care team need to distinguish previous physiological alterations from specific dis-
eases: aging of the arterial wall is not the same as arteriosclerosis, nor is cerebral 
aging indicative of dementia or joint senescence a sure sign of osteosclerosis. Also 
important in this context is the difference between normality and normal.

Interpreting symptoms is challenging, particularly so in older adults. A helpful 
mnemonic is the triad: altered signs and symptoms, masked signs and symptoms, 
and variable signs and symptoms.

 – Altered signs and symptoms. Pain symptoms may be attenuated or absent (silent 
suffering of organ systems). Because signs of peritonism may be vague, and hyper-
thermia and leukocytosis limited to the acute event (e.g., diverticular perforation), 
the event may go unrecognized, resulting in delayed diagnosis and hospitalization 
for an advanced stage of generalized peritonitis. There are other associated dis-
eases which, if complicated, can mimic a surgical disease. For example, metabolic 
acidosis in a diabetic patient can resemble acute surgical abdomen manifesting 
with abdominal pain, rebound tenderness (positive Blumberg sign), vomiting, 
fever, cutaneous hyperesthesia, and leukocytosis. Establishing the differential 
diagnosis between diabetic ketoacidosis-induced false acute abdomen and true 
acute surgical abdomen is complicated by ketoacidosis. A useful clue in the diag-
nosis of the former is that pain is preceded by nausea, vomiting, and polydipsia.

 – Masked signs and symptoms. The presence of coexisting conditions further com-
plicates interpreting symptoms. In addition, an acute event may precipitate a 
coexisting illness, distracting attention away from the acute event and delaying 
diagnosis. For example, in a patient with heart disease, an initially oligosymp-
tomatic peritonitis may be the cause of an episode of congestive heart failure, 
drawing clinical attention only to the acute event.

 – Variable signs and symptoms. There are certain diseases that can manifest very 
differently from those typically seen in younger patients. Hyperthyroidism can 
manifest with the classic symptoms of hypothyroidism (apathetic hyperthyroid-
ism), making it difficult to establish the clinical diagnosis in relation to senile 
involutional cerebropathy.

Collectively, these risk factors place the elderly in a precarious situation of distress. 
Distressing symptoms are associated with psychophysical and emotional decline and 
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frailty, one of the hallmark characteristics of high-risk elderly surgical patients. 
Closely linked to frailty is delirium, usually but not always occurring during the post-
operative period, which significantly diminishes the quality of life of older adults.

3.4  Frailty

The term “frailty” in reference to the elderly was coined in 1973 when the US 
Congress created the Federal Council on the Aging (FCA) with a mandate to inform 
policies and program interventions addressing the special needs of older Americans 
and armed forces veterans. In 1974, the FCA created the Task Force on the Frail 
Elderly, with the Reverend Monsignor Charles Fahey of the Roman Catholic 
Diocese of Syracuse, New York, appointed as chairman. Under his chairmanship, 
the Task Force was responsible for defining the concept of the frail elderly to 
describe a range of conditions in older people, including general debility, cognitive 
impairment, and living in a structurally and socially marginalized environment [24].

Frailty encompasses socioeconomic, psychological, health-care, and biological 
aspects, any one of which may predominate in an individual older person, though 
there is a common denominator. Well-being means not only the absence of disease. 
Indeed, an older person may feel unwell even when no organic illness is present. 
The geriatric patient represents a new concept of health composed of various differ-
ent components, the principal ones being absence of disease, residual functioning, 
affective and cognitive capacities, and social resources. Largely ignored by conven-
tional medicine, the frail elderly are considered scientifically uninteresting, ungrati-
fying professionally, unhealable, troublesome to manage, costly, and difficult to 
discharge [25]. The prevention, identification, and treatment of frailty are the core 
concern and main challenge in modern geriatric medicine [26, 27].

The general profile of the frail elderly patient is characterized by advanced or very 
advanced age, multiple chronic illnesses, disability, socioeconomic problems, loneli-
ness and poverty, and precarious homeostasis due to multisystem failure that trigger 
the so-called failure cascade associated with elevated mortality. Added to these con-
ditions are biological and biochemical abnormalities of uncertain origin that are the 
hallmarks of frailty: elevated C-reactive protein (CRP), interleukin-6 (IL-6), tumor 
necrosis factor-α (TNF-α), D-dimer, osteopenia, sarcopenia, anemia, insulin resis-
tance, and decreased iron, vitamin B12, folate, and albumin levels [28–30].

In 1976, Bernard Isaac described the four giants of geriatrics—incontinence, 
immobility, instability (falls), and intellectual impairment—from which five geriat-
ric syndromes were subsequently derived: pressure ulcers, incontinence, falls, func-
tional decline, and delirium [31–33]. The frail elderly patient is categorized as such 
when three of these five syndromes are present.

Frailty is a dynamic condition that can be measured. The two major models for 
the assessment of frailty are the frailty phenotype devised by Fried and coworkers 
[27] and the fragility index proposed by Rockwood and colleagues [34]. The frailty 
phenotype (FP) is based on the assessment of five parameters [29]:
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 1. Unintentional weight loss over the past year (10 lbs or 4.5 kg)
 2. Self-reported exhaustion on at least 3 days/week
 3. Reduced muscle strength as evaluated by handgrip (less than 13 lbs or 5.85 kg 

for men and 7.5 lbs or 3.37 kg for women)
 4. Reduced physical activity as measured with the Physical Activity Scale for the 

Elderly (PASE)
 5. Reduced gait speed over a known distance (more than 7 s to cover 4.57 m)

If three of these five features are present, the patient is deemed as frail; if one to 
two are present, the patient is categorized as pre-frail; if none are present, the patient 
is considered robust.

The frailty index (FI) conceptualizes frailty as a syndrome characterized by the 
loss of physiological reserve due to the accumulation of deficits, resulting in vulner-
ability to stress. The index is derived from the Canadian Study of Health and Aging 
(CSHA) and comprises 70 items. It is calculated by dividing the number of deficits 
in a patient by the number of deficits measured [35–38]. The index is composed of 
four scores: 0 (no positive items), 0.33 (1/4 positive items), 0.67 (3/4 positive items), 
and 1 (all positive items—indicating maximum severity of frailty).

However, neither of these assessment tools takes into account many of the other 
important factors that contribute to frailty, such as living alone, social engagement, 
empowerment/life control, and socioeconomic status. The best instrument for 
assessing frailty is the comprehensive geriatric assessment (CGA) defined as a mul-
tidimensional diagnostic process intended to determine an older person’s medical, 
psychosocial, and functional limitations. Among the many assessment scales 
described in the literature, the most widely used are the Clinical Frailty Scale (CFS), 
the Growing Frailty Indicator (GFI), the Tilburg Frail Indicator (TFI), and the 
Edmonton Frailty Scale (EFS) [39].

Since more and more older patients with comorbidities undergo surgery [40], 
surgeons have begun to use frailty as a predictive tool to identify those at risk 
for poor outcomes [32, 33, 36]. In patients over age 75 years, frailty is associ-
ated with increased postoperative mortality, postoperative complications, pro-
longed hospital stay, discharge to residential care, unplanned 3-month 
readmission, increased 3-month mortality, and a three- to eightfold higher inci-
dence of postoperative delirium in elective and emergency abdominal surgery 
[31, 41–43]. The CGA has been shown to predict postoperative complications in 
frail elderly patients better than chronological age predicts postoperative mor-
tality [44]. Unfortunately, none of these three tools (CGA, FI, FP) has been 
adopted in routine preoperative assessment. The CGA is the most comprehen-
sive, while the FP is the simplest. Although the FP measures only physical per-
formance, it may provide a valid clinical tool and starting point for the assessment 
of frailty in surgical patients [45].
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3.5  Delirium

Delirium is an acute, fluctuating disturbance characterized by a reduced ability to 
focus, maintain, or shift attention; it is accompanied by changes in cognition and 
perceptual disturbances secondary to a general medical condition. In the surgical 
setting, emergency admission for an acute condition may precipitate preoperative 
delirium. There are no prevalence data for preoperative delirium; however, depend-
ing on patient age and risk category, its occurrence is estimated to range between 9 
and 87%, with older patients undergoing cardiac surgery at greater risk (80%) than 
those receiving an orthopedic procedure (up to 40%) [46].

Postoperative delirium is closely correlated with frailty. An episode of postopera-
tive delirium in a previously non-frail elderly patient may herald the onset of frailty. 
It is associated with a variety of poor outcomes, including functional decline, pro-
longed hospital stay, higher heathcare costs, risk of falling, pressure ulcers, transfer 
to a nursing home (institutionalization), and an increase in postoperative mortality 
from 4 to 20% [47]. Moreover, it may be an early signal of postoperative complica-
tions such as atrial fibrillation, myocardial infarction, respiratory difficulty, urinary 
tract infection, and line infection [48]. Risk factors include preexisting dementia, 
older age, functional impairments, multiple comorbidities, poor vision or hearing, 
ongoing infections, self-reported alcohol abuse, and psychopathological symptoms.

The acronym VINDICATE was created as a mnemonic denoting the causes of 
postoperative delirium: vascular infections, nutrition, drugs, injury, cardiac, autoim-
mune, tumors, and endocrine) [49]. While autoimmune and endocrine causes are 
rarely encountered in elderly patients, preexisting dementia appears to be the stron-
gest predictor for the development of postoperative delirium [50], and male sex is 
reportedly a significant predictor though its association with postoperative delirium 
is unclear [51]. Commonly used medications may also precipitate an episode. The 
Beers criteria, developed in 1997 and updated in 2003, for inappropriate medication 
use in the elderly list antihistamines, benzodiazepine, muscle relaxants, meperidine, 
cimetidine, corticosteroids, belladonna, warfarin, and antiparkinson agents [52].

Postoperative delirium does not manifest immediately after surgery when the 
patient is lucid; instead, it may develop in 1–3 days following the lucid interval [53]. 
In addition to preoperative risk factors, there are several postoperative factors that 
may predispose to the development of delirium, including incomplete pain control, 
electrolyte abnormalities, presence of a bladder catheter, immobility, and sleep 
deprivation. Postoperative delirium is also correlated with frailty, duration of the 
operation, and blood loss. Though less often and less severe, delirium can develop 
after administration of local and locoregional anesthesia.

Delirium is usually transient and self-limiting, though it can persist through hos-
pital discharge in up to 50% of cases [54]. Its etiology is not yet fully understood 
and is probably multifactorial. Central cholinergic deficiency is the leading hypoth-
esized mechanism. Three subtypes are distinguished: hyperactive delirium charac-
terized by agitation and hallucination; hypoactive delirium with decreased activity, 
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decreased speech, and reduced awareness, which may be overlooked in patients 
who are withdrawn or calm; and mixed hyper-hypoactive delirium. Hypoactive 
delirium is associated with higher mortality. Diagnosis is often challenging and 
goes unrecognized in nearly 50% of cases [50].

According to the Diagnostic and Statistical Manual of Mental Disorders, Fourth 
Edition (DSM-IV), four of the following criteria are needed to establish a diagnosis 
of postoperative delirium [55]:

 1. Disturbance of consciousness, i.e., reduced clarity of awareness of the environ-
ment, with reduced ability to focus, sustain, or shift attention.

 2. A change in cognition (such as memory deficit, disorientation, language distur-
bance) or the development of a perceptual disturbance that is not better accounted 
for by a preexisting, established, or evolving dementia.

 3. The disturbance develops over a short period of time (usually hours to days) and 
tends to fluctuate during the course of the day.

 4. There is evidence from the history, physical examination, and laboratory find-
ings that the disturbance is caused by the direct physiological consequences of a 
general medical condition, developed during substance intoxication or during or 
shortly after a withdrawal syndrome.

Inattention is the cardinal symptom in the aged patient [56]. There are no specific 
tests for the diagnosis. As seen in frailty, inflammation markers are often elevated, 
though it is unclear whether the alterations are the cause or the effect of delirium 
[53]. Imaging studies may be useful to exclude other causes. Chest radiography, 
magnetic resonance imaging of the head, or abdominal computed tomography 
should be ordered when there is clinical suspicion of specific pathologies such as 
infection or stroke.

Treatment is based on a multicomponent approach. Pharmacological treatment is 
not recommended as a first-line therapy. The American Geriatrics Society has devel-
oped a core set of strategies for the prevention and treatment of postoperative delir-
ium [56].

Behavioral and Nonpharmacologic Strategies for Prevention/Treatment of 
Delirium

 1. Sensory enhancement (ensuring glasses, hearing aids, or listening amplifiers)
 2. Mobility enhancement (ambulating at least twice per day if possible)
 3. Cognitive orientation and therapeutic activities (tailored to the individual)
 4. Pain control with scheduled acetaminophen if appropriate
 5. Cognitive stimulation (if possible, tailored to the individual’s interests and 

mental status)
 6. Simple communication standards and approaches to prevent the escalation of 

behaviors
 7. Nutritional and fluid repletion enhancement
 8. Sleep enhancement (daytime sleep hygiene, relaxation, nonpharmacologic 

sleep protocol, and nighttime routine)
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 9. Medication review and appropriate medication management
 10. Daily rounding by an interdisciplinary team to reinforce the interventions

Strategies should usually include these core elements, but this list is not all 
inclusive.

The drug of choice is haloperidol, which may induce extrapyramidal side effects. 
Low-dose benzodiazepine should be reserved for patients with a previous or current 
history of alcohol abuse or have consumed alcohol during the preoperative period 
and are experiencing symptoms of alcohol or benzodiazepine withdrawal.
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4.1  The Challenge of Aging in Elderly Patients

In all the industrialized countries of the world, the elderly population is constantly 
increasing, having reached about 13.4 million people overall and 22% in relative 
terms, according to OMS data. Therefore, it represents the fastest increasing group 
in the entire population, which is expected to double by 2050.

This aging population sets constant healthcare challenges that aim to ensure an 
extended life expectancy and an improved quality of life.

Elderly patients have specific and different characteristics but in varying degrees, 
thus constituting their typical fragility: they have multiple diseases (hematological, 
hepatic, renal, cardiac, hypertension, diabetes mellitus, atherosclerosis, and chronic 
obstructive pulmonary disease (COPD)), as well as cognitive-behavioral and psy-
chological problems due to old age. These show atypical presentations of disease 
and unstable homeostasis, which are accompanied by a high risk of complications 
and trigger a cascade of vicious circles. Above all, as a result of an acute pathologi-
cal event or a surgical treatment, elderly patients have a physiological reduction of 
the functional reserve, in particular if this involves a long hospital stay or a re- 
hospitalization. Consequently, there is a more pronounced risk of comorbidities and 
complications. It is like configuring a permanent situation of disability and loss of 
independence, which will inevitably affect the overall health.
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The ERAS (Enhanced Recovery After Surgery) method, a multimodal protocol 
aimed at ensuring the most rapid possible postoperative recovery, keeps the degree 
of elderly patient autonomy as close as possible to the previous level, limiting 
stress and significantly reducing the length of hospital stay and discharge and the 
rate of complications and readmission. To provide optimal care while maintaining 
high- quality standards and at the same time cope with the complexity of multiple 
health conditions of the elderly patient, the obvious priority is to reconsider the 
perioperative process starting with a careful analysis of the existing literature and 
providing common guidelines for proper management of the surgical geriatric 
patient.

In fact, by combining the latest available scientific evidence in the various dis-
ciplines that operate around the patient requiring major surgery, this method aims 
to positively change the response in preserving the physiological functional 
reserve.

4.2  The Pathophysiology of Surgical Stress

4.2.1  The Metabolic Response to Surgery

Surgery, and especially major surgery, is an insult to the body comparable to the 
intensity of the metabolic response to trauma or an extended burn.

The determining events are the result of the triggering of physiological compen-
sation mechanisms which all together constitute the metabolic stress response to 
surgery.

The essential purpose of this response is to make the functional reserves avail-
able, from which the substrates are required to adapt to the stressful situation, repair 
damaged tissue, and protect the vital organs.

Three main events are identified, which act as a switch to all the other effects: the 
activation of the hypothalamic-pituitary-adrenal axis, the action of the immune sys-
tem, and the systemic inflammatory response. They constitute the set of triggers that 
massively mobilize hormones and second messenger molecules, causing a series of 
cellular and metabolic changes in target organs. The result is a profound imbalance 
with complete disruption of homeostasis.

The paraventricular nucleus (NPV) acts as a coordinating center for signals from 
different brain areas devoted to the stress response. Its activation results in the secre-
tion of corticotropin-releasing factor (CRF), which regulates the production of adre-
nocorticotropic hormone (ACTH), required for the production and release of 
glucocorticoids from the adrenal cortex, the most important of which is cortisol. 
Glucocorticoid hormones, in turn, exert significant influence on the immune system, 
acting both against the humoral and cellular effector arms. In fact, they regulate the 
production of interleukins, such as IL-1 and IL-6, interferon γ (IFNγ), and tumor 
necrosis factor α (TNFα) by T helper cells 1 and 2.

The dialogue between the nervous and immune systems does not seem to be 
confined to the hypothalamic-pituitary-adrenal axis. It extends potentially to the 
entire central nervous system, particularly the frontal lobe and the limbic system 
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(hippocampus and amygdala), and determines some related events in inflammatory 
states and intense stress, such as the reduction of attention and interaction with 
the environment. This connection represents a pathophysiological basis for under-
standing the etiology of delirium that is very frequent in elderly patients undergo-
ing surgery.

4.2.2  Stress Hyperglycemia

The liver is a target organ of the stress response. In fact, the production of proin-
flammatory cytokines and chemokines, catecholamines, and cortisol guides its 
function in favor of a massive production of glucose.

Protein catabolism induced by cortisol also acts on muscle tissue, until “muscle 
wasting”; this response leads to amino acid availability and increase hepatic gluco-
neogenesis. Also, the feedback mechanism responsible for the silencing of this 
pathway is inhibited by the presence of large amounts of proinflammatory 
molecules.

The TNFα and the IL-1 are, in fact, engaged in various actions: to directly stimu-
late gluconeogenesis and liver glycogenolysis, to cause a downregulation of synthe-
sis and exposure of the glucose transporter GLUT4 membrane, and to interfere with 
insulin tyrosine kinase receptor signaling, repressing and thus triggering a resis-
tance to the insulin response itself.

The result is an increase in hepatic glucose production and the onset of a marked 
insulin resistance, clinically defined as “stress hyperglycemia.”

Hyperglycemia supports the inflammatory response and oxidative stress, con-
tributing to the emergence of a vicious cycle that feeds on itself.

It also establishes a switch in hepatic protein synthesis, which is diverted to pro-
duce acute phase proteins and immunoglobulins and albumin in disadvantage.

This mechanism is amplified in the elderly patient, who already has a pre- existing 
condition of a depletion in protein stores and often of malnutrition.

This condition causes a reduction in oncotic pressure and the passage of fluid 
from the intravascular compartment to the interstitial, promoting a side effect of 
edema, which in the geriatric patient involves the onset of respiratory, cardiovascu-
lar, infective, and immune complications and contributes to increased postoperative 
morbidity and mortality. Moreover, the loss of protein is responsible for the state of 
sarcopenia and of delay in healing the surgical wound.

In addition, a marked lipolysis occurs, with cleavage of the fat reserves in the 
triglyceride which will take part, by increasing their blood concentration, in the 
intensification of the inflammatory response and the vicious circle described above, 
adding to the deterioration of other signaling processes with a reduction of cellular 
resistance to apoptosis.

Several studies also show that hyperglycemia and other stress-related disor-
ders are associated at a statistically significant rate with an increased risk of 
perioperative adverse events, particularly in elderly patients with significant 
pre-existing comorbidities, and could therefore be considered predictive of 
mortality.
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In clinical practice, the increase in blood glucose concentration appears to be 
related to the intensity of the surgical trauma and in major surgery can also record 
postoperative levels equal to 10–12 mmol/L. A glucose concentration higher than 
7 mmol/L, frequently found in patients undergoing abdominal surgery, appears to 
be a predictor of mortality and the development of complications, and the patients 
show an increase of 15 times in the incidence of associated infections and hospital 
mortality.

The sudden and repeated fluctuations are mainly associated with worse out-
comes, due to the consequences induced in the endothelial and cellular level; oxida-
tive stress, in fact, has less serious effects when exposure lasts longer than the 
sudden exposure to high concentrations.

The elements that contribute to the onset of the state of insulin resistance in the 
postoperative period were identified in preoperative fasting, postoperative pain, and 
prolonged bed rest.

4.3  Risk Assessment in the Elderly Patient

The “Elderly Multidimensional Assessment (EMA)” must be used in this specific 
methodological approach, although it is not generally considered in the preoperative 
stage. It aims to assess the patient’s geriatric functionality and status through perfor-
mance measures, clinical data, laboratory, and also psychological and social 
measures.

The EMA uses specific rating scales, which differ in relation to the investigated 
areas. Several are validated and used in the international arena, including the Mini 
Mental State Exam (MMSE), which investigates the cognitive functions exploring 
temporal orientation, spatial, memory, and computing power. The Geriatric Depression 
Scale (GDS) aims to detect specific aspects of depression in the elderly. Activities of 
the Day Living (ADL) and Instrumental Activities of Day Living (IADL) reflect the 
elderly person’s needs in their daily life and thus provide an indirect estimate of func-
tional autonomy and social measures. The Barthel Index (BI) and the Modified Rankin 
Scale (MRS) are also commonly used for the assessment of disability. Finally, the 
scale of Tinetti is used to evaluate balance, posture, and gait [1].

Risk assessment can also use tools such as the POSSUM (Physiological and 
Operative Severity Score for the Enumeration of Mortality and Morbidity) score, 
which is very useful in predicting the postoperative outcomes and is appropriate in 
objectively evaluating the performance status of patients [2].

Finally, we need to apply a high degree of attention to the multiple comorbidities 
present. Elderly patients with two or more comorbidities have a higher risk of peri-
operative mortality (4–16%) than those with a single pre-existing pathology, con-
firming fragility as a predictor of morbidity and mortality.

The progressive interweaving of these elements and their interaction results in 
greater differentiation between patients and makes it difficult to find a standard risk 
assessment tool.
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Score 1 2 4 8
Age (years) ≤60 61-70 ≥71
Cardiac signs Normal Diuretic, digoxin 

antianginal or antihy-
pertensive therapy

Peripheral 
edema, warfarin 
therapy

Raised jugular 
venous pressure

Chest radiograph Normal — Borderline 
cardiomegaly

Cardiomegaly

Respiratory history Normal Dyspnea on exertion Limiting 
dyspnea (one 
flight of stairs)

Dyspnea at rest

Chest radiograph Normal Mild chronic 
obstructive airway 
disease

Moderate 
COAD

Fibrosis or 
consolidation

Systolic blood 
pressure (mmHg)

110–130 131–170 ≥171 <89
100–109 90–99

Pulse (beats/min) 50–80 81–100 101–120 ≥121
40–49 ≤39

Glasgow coma scale 15 12–14 9–11 ≤8
Hemoglobin (g/dl) 13–16 11.5–12.9 10–11.4 ≤9.9

16.1–17 17.1–18 ≥18.1
White cell count 
(×1012/l)

4–10 10.1–20 ≥20.1
3.1–4 <3

Blood urea (mmol/l) ≤7.5 7.6–10 10.1–15 ≥15.1
Sodium (mmol/l) ≥136 131–135 126–130 ≤125
Potassium (mmol/l) 3.5–5 3.2–3.4 2.9–3.1 ≤2.8

5.2–5.3 5.4–5.9 ≥6
Electrocardiogram Normal Atrial 

fibrillation  
(rate 60–90)

Any other 
change

COAD: Chronic obstructive airway disease

The POSSUM score (Copeland et al. [2]).

4.4  Eras Method

4.4.1  Rationale of Application

In recent years new topics in surgery and anesthesia have allowed demonstration of 
improvements for postoperative recovery in medium-high complexity surgery 
candidates.

The traditional care approach determines a significant postoperative reduction in 
functional capacity which can last up to several weeks.

In addition, in assessing the actual need and effectiveness of several standard 
approaches such as mechanical intestinal preparation, excessive fluid administra-
tion, and the prolonged use of the nasogastric tube, several studies have documented 
the uselessness and the risks of delaying the reacquisition of normal feeding and 
walking.
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The usefulness of the ERAS protocol lies in the multimodal advanced manage-
ment philosophy and perioperative route optimization, with the goal of limiting 
surgical stress as a factor conditioning the duration of hospital stay and at the same 
time restoring and supporting all those functions that enable rapid recovery of nor-
mal life activities of the patient, reducing the risk of complications and the hospital 
readmission rate.

This method, therefore, aims to modify the physiological response to major sur-
gery and has proven effective in reducing complications, demonstrating a decrease 
in postoperative dysfunction in the geriatric patient and consequently greater 
satisfaction.

However, despite encouraging data, such innovations in the management of the 
surgical patient struggle to fully enter clinical practice because of cultural resistance 
anchored to conventional procedures and organizational difficulties.

4.5  The ERAS Protocol

Currently a single standardized protocol in any surgical procedure has yet been 
defined; however, some key elements are recognized as part of a rehabilitation pro-
gram advanced in most adopted protocols. In applying the ERAS method, however, 
three common phases are recognized: the preoperative phase, the intraoperative 
phase, and the postoperative phase.

Mid-thoracic epidural anesthesia/analgesia Preadmission counselling

Postoperative Preoperative

Intraoperative

ERAS

Fluid and carbohydrate loading

No prolonged fasting

No/selective bowel preparation

Antibiotic prophylaxis

Thromboprophylaxis

No premedication

Mid-thoracic epidural anesthesia/analgesia

No drains

Avoidance of salt and water overload

Maintenance of normothermia (body warmer/warm intravenous fluids)

Short-acting anesthetic
agents

No nasogastric tubes

Prevention of nausea and vomting

Avoidance of salt and water overload

Early removal of catheter

Early oral nutrition

Non-opioid oral
analgesia/NSAIDs

Early mobilization

Stimulation of gut motility

Audit of compliance
and outcomes

 

Fast-Track in Colorectal Surgery (Varadhan et al. [3]).
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4.5.1  The Preoperative Phase

During the preoperative phase, counseling helps patients to better understand their 
overall health status, to become aware of the benefits and risks associated with the 
procedures, and to weigh up expectations based on these elements, especially with 
regard to pain treatment, the reacquisition of existing functionality, and other hur-
dles to be faced each postoperative day.

Therefore, the patient must have the opportunity to meet with all members of the 
multidisciplinary team to discuss details of various aspects of their treatment and to 
outline to the team members a complete picture of what they will face so that the 
team will be ready to put in place resources to help them cope.

Elderly patients who have had major surgery are often burdened with important 
comorbidities, which should be identified and treated to adequately limit their 
effects. This will significantly change the rate of occurrence of complications and 
affect the postoperative course.

Uncontrolled diabetic patients with elevated glycated hemoglobin levels show a 
more increased risk of major postoperative complications than patients with glucose 
intolerance or those without diabetes. Similarly, patients with cardiac comorbidity, 
COPD, and other homeostatic disorders have an increased risk of adverse events. 
Although anemia is a condition often found in the elderly, it needs to be identified 
and corrected before surgery. The anemic state in the preoperative period, in fact, is 
closely associated with increased morbidity and postoperative mortality, so it can be 
considered a predictor.

Malnutrition operates like other comorbidities to the establishment of an unfa-
vorable condition to the body’s response to surgical stress and impairs the patient’s 
general condition. It is characterized by a negative impact on outcome and requires 
special attention to the correction of deficiencies of essential nutrients.

The European Society of Parenteral and Enteral Nutrition (ESPEN) defined 
severe nutritional risk patients as those who present with one or more of the follow-
ing characteristics:

• Significant weight loss (from 10 to 16%) in 6 months
• BMI <18.5 kg/m2

• Serum albumin <30 g/L

The ESPEN provides a screening questionnaire, the Nutritional Risk Screening, 
for the evaluation and stratification of patients, similar to the Malnutrition Universal 
Screening Tool (MUST); it identifies malnourished adults, with elevated risk of 
malnutrition or obesity based on a five-step process. Both are easy to use in the 
hospital setting.

Within the ERAS protocol, the achievement of a satisfactory nutritional state is 
carried out by administration of nutritional supplements to patients, generally by 
mouth or, if necessary, enterally. Scientific evidence supports preoperative nutrition 
as it has shown that administration of glucose solutions before surgery is safe and 
can have a positive effect on clinical outcomes, reducing the rate of complications 
and the length of stay [4].
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Further addition of nutritional support is represented by immunonutrition, a term 
which defines the formula enriched with amino acids such as arginine and gluta-
mine, unsaturated fatty acids, omega-3, vitamins, and minerals.

In conventional practice the preoperative fasting in its form “nihil per os” 
(NPO) from midnight of the day before surgery is considered standard. This  
recommendation is still very strong in clinical practice and is justified in the 
attempt to prevent aspiration pneumonia. Several studies have disproved the claim 
that fasting provides an “empty stomach,” confirming that during fasting the 
stomach can secrete up to 50 mL/h of gastric juice and thus highlighting the limits 
of preoperative fasting and its potential harmfulness. The treatment provided by 
the ERAS protocol consists of the administration of a preoperative carbohydrate 
load (PCL) orally. The PCL causes a more rapid recovery of bowel function, 
reducing the length of stay without causing any side effects. Several randomized 
controlled trials (RCTs) show that the administration of the PCL will result in a 
faster metabolic response in the postoperative period, a reduction of insulin resis-
tance, and contained protein loss, with greater preservation of muscle functional 
reserve. In fact, a Cochrane systematic review of 22 RCTs showed how fasting 
from midnight does not reduce gastric contents and also does not reduce the rate 
of complications of fasted patients compared to those who were allowed the 
ingestion of solid foods up to 6 h before the operation and clear liquids (water, 
fruit juices without pulp, carbonated drinks, tea, and coffee) up to 2 h before. The 
advantage of the pathophysiological preoperative glucose load lies in increasing 
the production of insulin which causes a cellular metabolism shift toward an ana-
bolic state [5–7].

The traditional management of abdominal surgery candidate patients, in particu-
lar colorectal ones, provides for a complete mechanical cleaning of the colon with a 
duration of one or more days in combination with a diet low in slag and to an intes-
tinal antibiotic prophylaxis.

Mechanical preparation allows a significant reduction in stool weight and, in 
synergy with the antiseptic preparation, results in a reduction of 80–90% of the 
colonic bacterial flora.

Recently, mechanical bowel preparation has been shown to be useless in multiple 
randomized clinical trials and in a Cochrane review, since it involves dehydration 
and electrolyte imbalances [8, 9].

Both lead to a significant reduction in muscle strength and exercise tolerance, as 
well as weight loss; also, they determine an increase in hematocrit and hemody-
namic alterations, increased plasma osmolarity with rising concentrations of urea, 
and a falling of concentrations of calcium and potassium.

These results in elderly patients with several comorbidities lead to dangerous 
postural hypotension, which may cause syncope and increase the risk of falls and 
injuries.

Therefore, the utility of MBP is strongly challenged, and its avoidance does not 
cause an increased incidence of anastomotic leakage or the risk of infection.

Undergoing surgery is usually a strong emotional stress. In traditional periopera-
tive management, patients receive the administration of atropine and benzodiazepines 
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from 1 h to 30 min prior. A recent meta-analysis showed that the pre-anesthesia does 
not involve a substantial reduction of postoperative pain but leads to an extended 
phase of postoperative unconsciousness [10].

The use of anxiolytics with short action is preferred in ERAS protocol and can 
help anxious patients during insertion of the epidural catheter and generally in the 
postoperative period in controlling the pain and avoiding the excessive use of opi-
oids. Long half-life sedatives should not be used for routine procedures and should 
be avoided 12 h prior to the surgery as they can hinder a rapid recovery of mobility 
and oral nutrition.

4.5.2  The Intraoperative Phase

Antibiotic prophylaxis, in the elderly as in younger patients, is effective in reducing 
infectious complications and therefore uniformly recommended for all major surgi-
cal operations. The single-dose (“ultra-short-term prophylaxis”) and a multidose 
regimens (“short-term prophylaxis”) have proven equally effective, although mul-
tiple doses are indicated for interventions exceeding 3 h, in accordance with the 
pharmacokinetics of the chosen antibiotic [11].

In traditional management opioids are often used for intraoperative analgesia. 
The choice of the anesthetic technique specified in the ERAS protocol must take 
two fundamental aspects into account: on the one hand the use of short-acting agents 
(such as Propofol®) that allow a more rapid onset of postoperative recovery and, on 
the other, an anesthetic procedure that minimizes surgical stress.

Epidural analgesia is an important anti-catabolic tool, used to prevent postopera-
tive insulin resistance. The surgical trauma causes the stimulation of central and 
peripheral nerve pathways and leads to the catabolic response to surgery. In this 
light, the nociceptive segmental block at the spinal cord level guarantees not only 
adequate pain control but helps to limit catabolic effects, participating directly in a 
better outcome.

The anesthetic technique with neuraxial block and epidural analgesia is the only 
one able to alter the stress response. The benefits could result from different mecha-
nisms, including an increase in blood flow, more effective breathing without pain, 
and, not least, by a reduction of multifactorial components of the response to surgi-
cal stress. The use of epidural catheters is also increasingly widespread in the man-
agement of postoperative pain: it provides for the systemic administration of 
different types of analgesics or for the application of systemic and regional analge-
sia together, making the control of pain and the reduction of side effects associated 
with the use of opioids possible in this way.

Epidural analgesia has also been shown to be superior to intravenous analgesia in 
postoperative pain control in both traditional surgery and in minimally invasive sur-
gery, allowing a reduction in the paralytic ileus due to selective blockade of δ nocicep-
tive fibers. Although there are few studies that have evaluated the impact of different 
anesthetic techniques on postoperative outcomes, there is no evidence that compares 
intravenous anesthetic to that of inhaled. It seems clear that the ERAS protocol makes 
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a great effort to minimize the impact of anesthetic agents in order to promote rapid 
postoperative awakening and thus facilitate the recovery of the functions [12].

For this reason, the use of short-acting hypnotic inductor agents, such as propo-
fol, is recommended, combined with a short half-life opioid such as fentanyl and 
remifentanil in bolus or continuous infusion. With regard to the maintenance phase, 
the ERAS method does not provide for the use of exclusive inhaler agents, in order 
to obtain the reduction in the incidence of PONV caused by nitric oxide, even if it 
is administered in the antiemetic prophylaxis.

The blockade of the neuraxial system prolonged to the postoperative phase 
involves additional benefits in many patients: a recent meta-analysis showed an 
overall reduction in mortality of 30% and significant reduction of other complica-
tions [13].

By virtue of these multiple benefits of epidural analgesia, this procedure is pref-
erable in the ERAS protocol.

The trauma resulting from surgery involves two types of damage:

 1. The primary injury determined by surgical incision, by tissue manipulation, and 
by the mobilization of the viscera

 2. Secondary damage related to blood loss during surgery, the effects of the anes-
thetic technique, and the intraoperative administration of drugs

Reduction of these two types of damage can be obtained by exploiting the advan-
tages offered by the use of minimally invasive surgical techniques.

Minimally invasive surgery allows the optimization of surgical damage through 
minimizing the incision extent and carefully carrying out dissection without com-
promising radicality and surgical accuracy.

In this way, the muscle fibers are moved away from each other instead of being 
etched (splitting vs. cutting); also, a better hemostatic control can be achieved, with 
easier identification of cleavage planes in a bloodless field. The magnification of 
images also proves beneficial in reducing the irritation of the serous, in limiting the 
formation of adhesions and incidence of hematoma or postoperative bleeding.

The minimally invasive approach seems to have significant short-term advan-
tages over open surgery, such as the reduction of postoperative pain, early recovery 
of intestinal motility, improved lung function, reduced hospitalization, and a better 
quality of life in the first 30 days.

However, the use of minimally invasive techniques proved that it is not possible 
to completely change the effects of the endocrine-metabolic responses to surgical 
stress while limiting the immunodysfunction, the inflammatory response, pulmo-
nary stress, and hypoxemia when compared with the laparotomic approach.

Moreover, some long-term outcome studies do not reveal the substantial differ-
ence expected, but report as equivalent the use of open and minimally invasive tech-
niques [14].

By contrast, the multicenter study “LAFA Study 1” and other scientific research 
demonstrated a real benefit in the application of laparoscopic techniques in the mul-
timodal strategy of rapid postoperative recovery [15, 16].
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In recent years, the spread of new and alternative minimally invasive surgery 
techniques, including robotic surgery, laparoscopic techniques with single incision 
(SILS), and the “hand-assisted laparoscopic surgery” (HALS), has shown that it is 
possible to reduce invasiveness.

These techniques are mainly used in highly specialized centers, but their use is 
still not widespread, as there are not substantial data in favor of showing any real 
advantage to justify their becoming more widespread.

The metabolic response to surgical stress determines the alteration of the balance 
of fluids and electrolytes, as well as temperature and blood rheology. Through the 
AT1 receptor placed on the muscular coat of the vessels, angiotensin causes vaso-
constriction and the production and release of several proinflammatory cytokines. 
The resulting water retention is accompanied by a reduced excretion of sodium and 
increased excretion of potassium.

In addition, the activation of inflammatory responses compromises the ability of 
the organism to achieve a proper metabolic balance and to maintain the volume and 
composition of the extracellular and intracellular fluid constant. The colloid osmotic 
pressure is altered in a negative sense, and this leads to an increased permeability of 
capillaries and a passage of fluids from the capillary bed interstitium.

The management of fluid therapy provided in the ERAS protocol is designed to 
counter these events: strong recommendations in this program suggest the adoption 
of a restrictive regime, as the excessive administration of fluids can affect the circu-
latory district and heart function.

Therefore, it must be recommended to limit the infusion of colloids and crystal-
loids, generally administered in order to avoid transfusions and the reduction in 
renal blood flow. In fact, excessive preload, particularly in the elderly, may depress 
cardiac function and lead to increased comorbidity such as cardiology and pulmo-
nary ones, to the point of acute lung injury (ALI) and acute respiratory distress 
syndrome (ARDS).

The physiological electrolyte balance should therefore remain stable throughout 
the perioperative period, and in every single moment of the care path, this should be 
monitored to achieve the maintenance of the “steady state,” which represents the 
state in which the volume and composition of the body fluids remain constant 
despite the quantitative and qualitative changes of water and solutes.

For this purpose, not more than 3 L of fluid per day is administered, and a bowel 
preparation is avoided; moreover, fluid intake control before treatment also allows 
the prevention of edema, associated with a prolongation postoperative ileus and 
reduced cell oxygenation.

“Goal-directed fluid therapy” involves the administration of intraoperative crystal-
loid at a rate of 2–3 mL/kg/h adequate to prevent an increase in weight of more than 
2.5 kg, preferring isotonic and balanced solutions than the 0.9% saline solution.

Regarding colloidal solutions, their adoption has been deprecated by recent stud-
ies. In elderly patients, they significantly alter hemostasis and can lead to acute renal 
failure.

The ERAS protocol provides for the removal of the nasogastric tube even 
before the patient’s awakening from anesthesia. There is no evidence to support 
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its use in the postoperative period; a Cochrane meta-analysis of 37 studies, enlist-
ing more than 5000 patients undergoing laparotomy for abdominal surgery, docu-
mented a slower functional recovery after surgery, a higher incidence of 
postoperative ileus, and an increased risk of complications in subjects in which 
the SNG is left in place [17].

Finally, intraoperative hypothermia prevention reduces the endocrine response 
and the sympathetic reflexes, allowing a limitation of the body’s response to surgi-
cal stress caused by the intervention; in addition, it does not impair the coagulation 
tests, resulting in a reduction of bleeding.

Preventing hypothermia through the infusion of fluids at appropriate tempera-
tures or the use of a thermal blanket reduces surgical site infections, cardiac compli-
cations, bleeding, and the need for blood transfusion.

In the immediate postoperative period, it also prevents the effects of desaturation 
and myocardial ischemic accidents due to the sudden increase in blood concentra-
tions of norepinephrine caused by the drop in body temperature and prolongs the 
overall time for anesthesia.

4.5.3  The Postoperative Phase

Postoperative nausea and vomiting (PONV) are the most common complications in 
the immediate postoperative period, affecting 20–30% of patients undergoing 
abdominal surgery.

It appears within 24 h after surgery and contributes to postoperative morbidity, as 
possible causes of aspiration pneumonia, wound dehiscence, and hydroelectrolytic 
alterations.

Some endogenous molecules such as serotonin (5-HT), substance P, and other 
mediators capable of transmitting a signal to the afferent nerve fibers would assume 
relevant importance.

Various risk factors have been associated with the development of postoperative 
nausea and vomiting. Among them the strongest predictor appears to be gender, 
with women at double the risk compared to men. A system of stratification of the 
PONV risk is represented by the Apfel simplified score.

To avoid the unpleasant effects of PONV, it is necessary to focus attention on 
strategies that include the use of regional anesthesia, the use of short-acting anes-
thetic agents, the avoidance of nitric oxide, adequate hydration, and a restricted use 
of opioids.

In addition, administration of supplemental oxygen has been shown to have a 
clear benefit in reducing PONV. Goll et  al. in a randomized study observed 240 
patients and concluded that 2 h of oxygen at 80% is more effective and less costly 
than ondansetron in reducing PONV [18].

In high-risk patients, a combination therapy with the use of multiple drugs is 
recommended, increasing the probability of success over monotherapy, since the 
use of just one drug has only proved able to reduce the incidence by around 25%.

Delirium is perhaps the most significant age-related postoperative complication.
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It is characterized by a sharp decline in cognitive function and attention and 
episodes of consciousness fluctuation and occurs in approximately 40% of patients 
undergoing surgery. It can occur in patients of any age but is most common in the 
elderly, especially those who have already shown cognitive impairment in the pre-
operative stage. Its etiology is multifactorial, depending on physiological imbal-
ances caused by stress related to the intervention, the use of drugs in the 
intraoperative and postoperative period, or by a pre-existing condition of fragility 
and the susceptibility of the patient. The pathogenetic mechanism is not entirely 
clear, but several studies show a predominant role of the pathways of systemic 
inflammation and increased production of cytokines such as TNF. Delirium is asso-
ciated with worse surgical outcomes, longer hospital stays, functional decline, 
higher institutionalization rates, mortality, and costs due to increased resource 
utilization.

To fully understand the pathophysiological basis of this phenomenon, consider-
ation must be given to the risk factors and precipitating factors; for this purpose, 
different scores are considered to assist in recognizing patients at higher risk of 
postoperative delirium. The basic elements for risk stratification are age; pre- 
existing cognitive impairment; the use of antianxiety drugs such as benzodiazepines 
(BDZ); sleep disorders; alteration of laboratory values, particularly the function 
tests of the liver and kidney; and a history of alcohol abuse.

Hospital environments should favor proper hydration, the limited use of opioids 
and benzodiazepines, and an early empowerment.

Postoperative pain is one of the main variables in the recovery of patients and is 
one of the main factors that contributes to prolonging the postoperative hospital 
stay.

Traditionally, the control of postoperative pain is entrusted to plentiful intrave-
nous administration of morphine. However, its use is burdened by side effects 
poorly tolerated by the patient especially if elderly, important among which are 
respiratory depression, inhibition of cough reflex, paralytic ileus, orthostatic hypo-
tension, nausea, and vomiting. Moreover, the activation of opioid receptors for neu-
ropeptides in the myenteric plexus inhibits the release of acetylcholine from the 
nerve endings, causing a decrease in the tonus of the smooth muscle cell and an 
impaired motility of the intestinal wall.

In the geriatric patient, multimodal pain control is more appropriate. The surgical 
incision and the manipulation of the intestinal bowel tissue cause the release of 
chemical mediators such as adenosine, bradykinin, cytokines, prostaglandins, TNF, 
and IL-1 that determines a sensitization of the peripheral sensory system, resulting 
in a lowering of the threshold of activation of nociceptors.

In particular, the prostaglandin 2 (PGE-2) at the spinal level leads to liberation of 
additional excitatory mediators, amplifying pain and allowing maintenance.

The thoracic epidural analgesia (TEA) involves the insertion of the catheter pref-
erably at the mid-thoracic level (T6–T7, T7–T8) for both analgesia and the sympa-
thetic block, avoiding the paralysis of the intestinal tract. This method is the gold 
standard for proper pain management in patients undergoing laparoscopic abdomi-
nal surgery [19].
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If activated before the surgery, neuraxial blockade prevents hormonal release and 
attenuates postoperative insulin resistance, reducing the need for administering 
anesthetic agents.

Alternatives for the control of postoperative pain are represented by the use of 
opioids intravenously issued from a patient’s device on demand (patient-controlled 
analgesia—PCA). An additional method is the “continuous wound infusion of local 
anesthetic”; in this technique, a “multiholed” catheter (multiperforated) is placed by 
the surgeon at the end of the intervention, increasing the duration of action of the 
drug and the tissue infiltration effectiveness. The incidence of failure of this tech-
nique is very low (1%) and its toxicity almost none. In addition, further multimodal 
analgesia strategies are to be considered. The block of the transverse abdominis 
plane (TAP) and the rectus fascia represents alternative solutions and may play an 
important role in the context of major abdominal surgery. Finally, another technique 
is represented by the infiltration of local anesthetic into the peritoneal cavity (IPLA) 
by elastomeric pump: it allows the blocking of nociceptive pathways of visceral pain.

The postoperative ileus is one of the main iatrogenic complications occurring in 
the postoperative period; its onset is part of the metabolic response to surgical stress.

Its etiology is multifactorial: factors favoring and triggering are represented by 
inflammation, changes in fluid and electrolytes, and the administration of drugs; the 
set of these triggers determines the contractility and altered bowel motility and 
edema of the wall.

It is one of the major factors that increases the morbidity of the patient, resulting 
in prolonged recovery time and hospital stay, but nevertheless is considered a nor-
mal and inevitable response to laparotomy and other surgical procedures.

The postoperative ileus involves a series of negative and unpleasant conse-
quences, especially for the geriatric patient submitted to surgery: an increase of 
postoperative pain, an increased likelihood of pulmonary complications, and a post-
ponement of the return to a normal oral feeding are observed. This latest issue is of 
crucial importance for the activation of the immune system and in the recovery of 
residual functionality.

In ERAS protocol, epidural analgesia is essential to prevent postoperative para-
lytic ileus and to stimulate intestinal motility. At the level of the abdominal area, it 
allows a reduction of the adrenergic tone and the pathway’s transmission of the 
nociceptive signal activation. Furthermore, the use of restrictive infusion therapy 
prevents the accumulation of liquids in the intestine, thus preventing an overdisten-
sion of the fibers of the bowel wall. Also available to the ileum, prevention tools are 
the “opioid-sparing analgesia,” the avoidance of the use of SNG in the postoperative 
phase, early removal of urinary catheter and drainage when positioned, the use of 
magnesium oxide per os, as well as early oral nutrition.

This should be initiated some hours after surgery, with at least the administration 
of clear liquids and, in the absence of PONV, continuing with solid foods from the 
first postoperative day. This supports the early resumption of intestinal motility.

The lure not only promotes the risk of venous thrombosis, insulin resistance, and 
muscle breakdown resulting in decreased strength and osteoporosis but also has a 
negative effect on lung function and oxygenation of tissues.

P. Palumbo et al.



61

Patients should be encouraged to early mobilization as from the first postopera-
tive day. A daily exercise program must be established, and the daily compilation, 
in patient care, of a diary helps achieve the objectives. From the day of surgery, 
patients should stay out of bed for 2 h, increasing to at least 6 h after the first post-
operative day.

Various factors oppose early mobilization, poor compliance by patients, comor-
bidities, and the effects of any complications occurring after surgery; these all rep-
resent barriers to early ambulation and are the main causes of failure in the ERAS 
protocol.

The rationale behind early mobilization is in reducing the length of hospital stay, 
but, above all, it conveys a positive and important message of psychological empow-
erment for elderly patients, which in turn plays an active role in the healing and 
recovery process, essential to a speedy return to normal daily life.

 Conclusions
Geriatric patients, always considered “unfit” for their poor performance status, 
are often excluded from the development of ERAS paths because they are con-
sidered high risk.

In several randomized controlled trials, the elderly represented only a small part 
of the recruited sample. A recent systematic review by Bagnall et al. [20] reports 
that the ERAS protocol is safe and can be applied in elderly patients, allowing a 
reduction in postoperative morbidity and a reduction in the length of stay (LOS) 
when compared with traditional care pathways. In addition, the data show that 
neither advanced age nor a high degree ASA has resulted in a higher rate of com-
plications or postoperative mortality, in contrast to what is generally stated.

Patient compliance is considered, on the basis of the scientific evidence, as a 
predictor of success of the surgical procedure, as well as having a better postop-
erative outcome and a lower rate of complications; this is valid in the advanced 
age of the patient, in whom the overall health status components are closely con-
nected to each other.

Few data have been reported regarding the compliance of the elderly patient, 
but recent studies show that optimal compliance can also be obtained in these 
subjects, with a positive impact on outcome in the short term, even in patients 
with a higher ASA grade and poorer performance status [21].

Evidence shows that the multidisciplinary team should always work toward a 
strong common goal and make a continuous effort to educate patients in order to 
involve them in all stages of the surgical pathway.
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5.1  Introduction

Venous thromboembolism (VTE), which includes deep vein thrombosis (DVT) and 
pulmonary embolism (PE), is recognized as a complex multifactorial disease, 
involving clinical and genetic risk factors as well as environmental interactions. The 
annual incidence varies from 1 to 3 events for every 1000 people in the world. In 
particular, the annual incidence of VTE in Europe varies from 104 to 180 per 
100,000 persons per year [1]. Numerous factors, both transient (i.e., surgery, trauma, 
prolonged immobility, long trips, hormone therapy, pregnancy, and postpartum) and 
permanent (i.e., incurable tumors, antiphospholipid syndrome), favor its develop-
ment. Therefore, when VTE occurs concomitantly or after any of these recognizable 
risk factors, it is classified as “secondary” VTE. Otherwise, when it occurs in the 
absence of any of these risk factors, it is classified as “idiopathic” VTE.

Survival after VTE is worse than expected, and survival after PE is even worse 
than after DVT alone; in fact the risk of early death among patients with symptom-
atic PE is 18-fold higher compared to patients with DVT alone [2]. PE is an inde-
pendent predictor of reduced survival for up to 3 months after onset. For almost 
one-quarter of PE patients, the initial clinical presentation is sudden death. 
Independent predictors of reduced early survival after VTE include increasing age, 
male gender, lower body mass index, confinement to a hospital or nursing home, 
congestive heart failure, chronic lung disease, serious neurological disease, and 
active malignancy [3].

VTE also recurs frequently. About 30% of patients develop recurrences within 
the next 10 years. The hazard of recurrence varies with the time since the incident 
event and is highest within the first 6–12 months. However, even 10 years after an 
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incident DVT or PE, VTE patients are still at risk of recurrence [4]. Consistently 
across studies, the risk of recurrence is higher when risk factors are unknown (idio-
pathic VTE) or persistent as compared with risk factors that are transient. In general, 
the greater the transient nature of the risk factor, the lower the risk for recurrence 
after anticoagulant withdrawal. For example, Baglin and colleagues showed that in 
patients with a first episode of VTE, during a 2-year follow-up period, the incidence 
of recurrent VTE was 0% with surgery-related VTE, 19.4% with unprovoked VTE, 
and 8.8% with VTE associated with nonsurgical risk factors (fracture, illness, 
immobilization, travel, or estrogen) [5].

VTE is a common complication among hospitalized patients. In the absence of 
appropriate thromboprophylaxis, the reported incidence ranges from 10 to 40% in 
medicine and general surgery populations and from 40 to 60% in patients undergo-
ing major orthopedic surgery [6]. PE may occur in up to 5–10% of high-risk hospi-
talized patients and represents one of the most common causes of preventable 
in-hospital death [7].

In order to improve survival, avoid recurrence, prevent complications, and reduce 
health-care costs, the occurrence of VTE must be reduced. To achieve this goal, it is 
very important that persons at risk for VTE are accurately identified. A number of 
known individual risk factors for VTE are summarized in Table 5.1 [8].

In this chapter, we will focus on the risk of VTE associated with surgery, especially 
in elderly patients, and on the available tools for stratifying patients undergoing sur-
gery according to their risk level. Furthermore, we will provide information on the 
various forms of thromboprophylaxis and on the efficacy and safety of thrombopro-
phylaxis in very high-risk type of surgery, i.e., orthopedic and oncological surgery.

5.2  Venous Thromboembolism in Elderly Patients

The incidence of VTE increases significantly with age for both idiopathic and sec-
ondary VTE, suggesting that the risk associated with advancing age may be due to 
the biology of aging rather than simply an increased exposure to VTE risk factors 

Table 5.1 Individual risk factors for VTE (Ref. [8])

Individual risk factors
• Advanced age
• Female gender
• Prior VTE or varicose veins
•  Patient comorbidities (hypertension, infection, obesity, anemia, pulmonary, liver or renal 

disease)
• Prolonged immobilization
• Major surgery
• Trauma
• Inherited thrombophilic factors
• Active malignant neoplasm with or without concurrent chemotherapy
• Central vein catheterization or transvenous pacemaker
• Neurological disease with extremity paresis
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with advancing age. Incidence rates of VTE increase dramatically at about age 55 
and by age 80 are nearly 1 in 100 per year, approximately 1000-fold higher than for 
subjects aged 45 or younger [9, 10]. Furthermore, rates of PE rise faster than DVT 
in the elderly so that the disease has a greater fatal impact.

Frequent VTE risk factors in older adults include recent hospitalization, recent 
surgery, cancer (occult or active), infection, immobility, chronic cardiopulmonary 
disease and exacerbation, and prior history of VTE. Frailty has also recently been 
found to be a risk factor for VTE. Other less common, but actual, VTE risk factors 
in older adults include nephrotic syndrome, myeloproliferative disorders, antiphos-
pholipid antibody syndrome, and heparin-induced thrombocytopenia [11]. There 
are also age-specific factors that are almost exclusively present in the older popula-
tion, such as reduced muscle strength, endothelial dysfunctions, and venous insuf-
ficiency. Overall muscle strength declines starting from the age of 50 years [12]. It 
is likely that this also affects the calf muscle pump. Although the role of muscle 
strength of the lower limbs and the concomitant deterioration in the venous hemo-
dynamics is not yet clarified, diminished function or efficacy of the calf muscle 
pump could lead to reflux and stasis, which subsequently may predispose to throm-
bus formation. Also, the prevalence of chronic venous insufficiency increases with 
age. The pathophysiology of this functional disease consists of failure of valves 
through dilation of the venous wall or remodeling of the valve leaflets, which can 
then lead to stasis and elevation of distal venous blood pressure.

Other common findings with aging are important changes in the hemostatic bal-
ance, with appearance of a prothrombotic state, characterized by an increase in 
plasma levels of fibrinogen, Factor VII, Factor VIII, fibrinopeptide A, D-dimer, and 
PAI-1 and by an increased platelet activation in vivo with changes in platelet func-
tion related to variation in the membrane lipid composition [13]. For example, 
plasma fibrinogen levels increase with age, with an approximate 10 mg/dL incre-
mental rise per decade in healthy subjects, and in some settings correlate with VTE 
risk in older adults. von Willebrand factor and FVIII levels also increase with aging 
and may be associated with increased risk of thrombosis. Components of the fibri-
nolytic pathway, such as fibrinolysis inhibitors, show a true age-related increase, 
which contributes to the overall thrombotic risk [11]. Finally, in elderly subjects, the 
occurrence of laboratory features of hypercoagulability, as shown by increased lev-
els of circulating thrombotic markers, including D-dimer, underlies a prothrombotic 
background.

5.3  Risk Stratification in Surgery

In surgical patients, indication for VTE prophylaxis varies according to the indi-
vidual risk of VTE (Table 5.1) and the type of surgical procedures. As shown in 
Table 5.2, two types of surgery are distinguished based on the length of intervention 
(i.e., greater or lower than 45 min).

The risk for VTE is increased in all patients undergoing general surgery, 
including elderly patients. However, the relative risk for postoperative 
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development of this complication varies among individual patients based on sev-
eral factors, i.e., the length of immobilization following surgery, the type of sur-
gery performed, and the presence of comorbid conditions. Immobilization for an 
extended period is a well- established risk factor for VTE, and early mobilization 
following surgery has been shown to lower the risk for postoperative VTE [14]. 
There is also strong evidence that the type of surgical procedure is predictive of 
the risk of postoperative VTE. Major general surgery (i.e., abdominal or thoracic 
operations that require general anesthesia lasting ≥45 min) is associated with a 
high risk of VTE. Orthopedic surgery is associated with an even higher risk [15]. 
Other procedures associated with a substantially increased risk include major 
vascular surgery, small or large bowel resection, gastric bypass, radical cystec-
tomy, kidney transplantation, and below-the-knee amputation [16]. A lower risk 
of VTE was reported with radical neck dissection, inguinal hernia repair, appen-
dectomy, laparoscopic cholecystectomy, transurethral prostatectomy, repair of a 
cystocele or rectocele, cruciate ligament repair, and thyroid or parathyroid sur-
gery (Table 5.2).

In recent years, risk stratification has been suggested as a means of determining 
the risk for VTE in patients undergoing surgery and of guiding the selection of 
appropriate prophylactic measures. Several risk assessment models that stratify 
patients according to their risk of VTE have been published, the most notable 
being the Caprini score, that estimates VTE risk by adding points for various VTE 
risk factors (Table  5.3). The Caprini score was introduced in 2005 to improve 
compliance with VTE prophylaxis guidelines for surgical patients and uses a 
point-scoring system; the relative scores for individual risk factors are summed to 
produce a cumulative risk score that defines the patient’s risk level (low, moder-
ate, high, or highest risk) and the associated prophylaxis regimen [17]. An appro-
priate method of VTE prophylaxis can be chosen based on the patient’s level of 
risk, taking into consideration any contraindications to prophylaxis that may be 
present.

Although this model was not developed using rigorous statistical methods, and 
includes some variables that were later found not to be associated with VTE risk, it 
is relatively easy to use and appears to discriminate reasonably well among patients 

Table 5.2 Classification of surgical interventions

Minor surgerya Major surgery
• Radical neck dissection Abdominal or thoracic surgery that requires 

general anesthesia lasting ≥45 min• Inguinal hernia repair
• Appendectomy
• Laparoscopic cholecystectomy
• Transurethral prostatectomy
• Repair of a cystocele or rectocele
• Cruciate ligament repair
• Thyroid or parathyroid surgery

aIn case of interventions with a greater duration of 30–45 min or associated with serious bleeding 
or extended dissections, the risk becomes comparable to that of major surgery
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at low, moderate, and high risk for VTE. The incidence of VTE in patients in the 
low-risk category (1 risk factor) is so low (approximately 2%) that prophylactic 
measures would most likely not further reduce the risk. Thus, no measures above 
early ambulation are recommended in this patient population. The incidence of VTE 
ranges from 10 to 80% in the remaining groups; therefore, prophylactic measures 
are recommended in these groups. As opposed to an increasingly precise stratifica-
tion and individual thrombotic risk, the definition of bleeding risk is instead limited 
to suggestions, even in the latest guidelines. Furthermore, there are differences 
between guidelines in the definitions of what are the contraindications to pharmaco-
logical anticoagulant prophylaxis. For example, concerning thrombocytopenia as a 
known bleeding risk factor, the National Institute for Health and Clinical Excellence 
(NICE) guideline [18] contraindicates the anticoagulant thromboprophylaxis in 
case of platelet count <20,000/μL, while in other guidelines the cutoff value is 
<50,000/μL. The decision to start or not pharmacological thromboprophylaxis must 
necessarily be based on an individual assessment of the thrombotic/bleeding risk 
balance.

Table 5.3 Caprini risk assessment model (Ref. [17])

1 point 2 points 3 points 5 points
Age 41–60 years Age 61–74 years Age ≥ 75 years Stroke (<1 month)
Minor surgery Arthroscopic 

surgery
History of VTE Elective 

arthroplasty
BMI >25 kg/m2 Major open surgery 

(>45 min)
Family history of VTE Hip, pelvis, or leg 

fracture
Swollen legs Laparoscopic 

surgery (<45 min)
Factor V Leiden Hip, pelvis, or leg 

fracture
Varicose veins Malignancy Prothrombin 20210A Acute spinal cord 

injury (<1 month)Pregnancy or postpartum Confined to bed 
(>72 h)

Lupus anticoagulant

History of unexplained or 
recurrent spontaneous 
abortion

Immobilizing 
plaster cast

Anticardiolipin 
antibodies

Oral contraceptives or 
hormone replacement

Central venous 
access

Elevated serum 
homocysteine

Sepsis (<1 month) Heparin-induced 
thrombocytopenia

Serious lung disease, 
including pneumonia 
(<1 month)

Other congenital or 
acquired thrombophilia

Abnormal pulmonary 
function
Medical patient at bed rest
Congestive heart failure 
(<1 month)
History of inflammatory 
bowel disease
Acute myocardial 
infarction
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5.4  Methods of Perioperative Thromboprophylaxis

Methods of thromboprophylaxis are typically divided into mechanical and pharma-
cological modalities. It is recommended that early and “aggressive” ambulation be 
a routine part of postoperative care in all patients unless there is an absolute contra-
indication. Although early mobilization following surgery has been shown to sig-
nificantly lower the risk for postoperative VTE [14], it is recommended as a single 
method only for low-risk patients, those younger than 40 years without any addi-
tional risk factor for VTE, and who are undergoing minor surgery (outpatient sur-
gery lasting less than 45 min). For surgical patients at moderate risk for VTE (major 
surgery with 2 additional risk factors), mechanical methods of prophylaxis have 
been safe and effective modalities.

Mechanical methods include:

• Graduated compression stocking
• Intermittent pneumatic compression
• Venous foot pump

These devices act by reducing venous stasis and increasing venous outflow in the 
lower extremities. Mechanical thromboprophylaxis is an attractive option for sur-
geons because it does not increase the risk for bleeding complications. However, 
although these devices have been demonstrated to decrease the incidence of DVT, 
they have not been shown to decrease the risk of PE or death [15]. For these reasons, 
the 8th ACCP guidelines recommend the use of mechanical tools as a single method 
of thromboprophylaxis exclusively in case of active bleeding or in presence of 
extremely high risk of bleeding; otherwise, they recommend the medical methods 
be used in association with pharmacological prophylaxis in patients at very high 
risk of VTE.

Commonly used pharmacologic agents for prevention of VTE in surgery include 
subcutaneous unfractionated heparin (UFH), low molecular weight heparins 
(LMWH), fondaparinux, and oral anticoagulants.

Low-dose subcutaneous UFH was the first pharmacologic agent to be widely 
investigated for prevention of VTE in patients undergoing general surgery. It is gen-
erally administered subcutaneously at a dose of 5000 I.U. every 8 or 12 h, beginning 
2 h before the surgical procedure. Although UFH is effective for the prevention of 
DVT and PE, bleeding complications associated with this regimen present safety 
concerns. The short half-life of UFH (0.5–2 h) as compared to other anticoagulants 
is a limitation of UFH because it necessitates more frequent administrations; how-
ever, the short half-life can also be an advantage in case of bleeding complications 
or renal failure.

LMWHs appear to be at least as effective as UFH for the prevention of DVT in 
clinical trials of patients undergoing general surgery. It is produced by depolymer-
ization of heparin into smaller molecules. These formulations have a more favorable 
pharmacokinetic profile, including improved bioavailability, longer half-life allow-
ing for one time daily administration, and decreased interindividual variability in 
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anticoagulant response, thus obviating the need for therapeutic monitoring in most 
patient populations. In summary, the advantages of LMWHs over UFH include a 
higher anti-Xa activity compared with antithrombin activity, better bioavailability at 
low doses, no monitoring required, and longer half-life (4–6 h vs. 0.5–2 h), once- 
daily fixed dosing. However, a long half-life can sometimes be a disadvantage in 
case of bleeding complications.

Fondaparinux is the first in a new class of antithrombotics known as factor Xa 
inhibitors, which are characterized by targeted inhibition of coagulation. It is admin-
istered subcutaneously at the dose of 2.5  mg once a day. Similar to LMWH, 
fondaparinux has the advantage of single-dose administration and seems not to be 
correlated to heparin-induced thrombocytopenia.

The oral antivitamin K anticoagulants at low doses (INR 1.5) have a limited use 
in surgery in Europe, whereas the new oral direct Factor X or Factor II inhibitors 
(DOAC), including dabigatran, rivaroxaban, and apixaban, are currently indicated 
for VTE prophylaxis in elective orthopedic surgery (i.e., replacements of prosthetic 
hip and knee). Indeed, in this setting, DOAC can be a viable alternative to parenteral 
anticoagulants, as shown by international randomized clinical trials of Phase II and 
III, documenting that DOAC are as effective and safe as LMWH in the prevention 
of VTE in orthopedic surgery.

5.5  Management of Thromboprophylaxis in Surgery

5.5.1  General Surgery

Based on the Caprini score, the 9th American College of Chest Physicians (ACCP) 
guidelines have developed recommendations for thromboprophylaxis in general 
surgery (Table  5.4) [19]. Indications for VTE prophylaxis vary according to the 
individual risk of VTE and the surgical procedure.

The 9th ACCP guidelines do not recommend specific thromboprophylaxis for 
low-risk surgery patients, such as ambulatory patients or those undergoing minor 
procedures and without additional VTE risk factors. For these patients, only an early 
mobilization is recommended. For patients at moderate or high risk of VTE who 
undergo major general surgery, prophylaxis with LMWH, UFH, or fondaparinux is 
recommended. The combination of either LMWH, UFH, or fondaparinux with 
mechanical prophylaxis with graduated compression stockings and/or intermittent 
pneumatic compression is recommended for general surgery patients with multiple 
risk factors for VTE. The 9th ACCP guidelines recommend continuing prophylaxis 
at least until patient discharge for patients undergoing major general surgical proce-
dures. Extended prophylaxis for up to 28 days should be considered for selected 
high-risk patients, such as those undergoing oncological or orthopedic surgery.

For laparoscopic surgery, the routine use of thromboprophylaxis is not recom-
mended, with the exception of patients with additional risk factors, for whom the 
use of one among UFH, LMWH, fondaparinux, compression elastic stockings, or 
intermittent pneumatic compression is recommended.
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5.5.2  Oncological Surgery

There is a particularly strong association between cancer and VTE [20]. Clinically 
apparent VTE is present in as many as 15% of all cancer patients, with much higher 
incidences reported in postmortem studies. In addition, among patients with DVT, 
those with cancer have a more than twofold increased risk for VTE recurrence than 
those without cancer. The likelihood for the development of VTE in cancer patients 
varies by tumor types and is increased among patients with more advanced disease 
[21, 22]. Malignancies stemming from the uterus, brain, ovary, pancreas, stomach, 
kidneys, and colon are among the tumor types that have been associated with the 
highest relative risk for VTE [21].

Cancer patients undergoing surgery have a two- to fivefold increased risk for 
postoperative VTE, as compared with non-cancer patients undergoing the same pro-
cedures [23]. Regarding perioperative thromboprophylaxis, data show that LMWH 
have the same efficacy as UFH in oncological surgery. In a large meta-analysis of 
available randomized trials comparing LMWH, UFH, and placebo or no treatment, 
LMWH appeared to be as safe and effective as UFH in reducing VTE, in both the 
general population and a large subgroup of patients with cancer [24, 25]. In addi-
tion, the safety, assessed as the rate of bleeding complications, was similar between 
the two types of heparins. For this and for their other several advantages (i.e., the 

Table 5.4 Prevention of VTE in non-orthopedic surgical patients (modified from ACCP 
Guidelines 2012) (Ref. [19])

Category of risk Recommendations
Very low risk (score 0) No specific pharmacologic (Grade 1B) or 

mechanical (Grade 2C) prophylaxis be used
Low risk (score 1–2) Mechanical prophylaxis, preferably with 

intermittent pneumatic compression (IPC), over 
no prophylaxis (Grade 2C)

Moderate risk (score 3–4) LMWH (Grade 2B), low-dose UFH (Grade 2B), 
or mechanical prophylaxis, preferably with IPC 
(Grade 2C), over no prophylaxis

High risk (score ≥ 5) LMWH (Grade 1B) or low-dose UFH (Grade 1B) 
over no prophylaxis. Mechanical prophylaxis with 
elastic stockings (ES) or IPC should be added to 
pharmacologic prophylaxis (Grade 2C)

High risk (score ≥ 5) in whom both 
LMWH and UFH are contraindicated or 
unavailable and who are not at high risk 
for major bleeding complications

Low-dose aspirin (Grade 2C), fondaparinux 
(Grade 2C), or mechanical prophylaxis, preferably 
with IPC (Grade 2C), over no prophylaxis

High-VTE-risk patients surgery for cancer Extended duration of pharmacologic prophylaxis 
(4 weeks) with LMWH over limited-duration 
prophylaxis (Grade 1B)

High-VTE-risk patients who are at high 
risk for major bleeding complications

Use of mechanical prophylaxis, preferably with 
IPC, over no prophylaxis until the risk of bleeding 
diminishes and pharmacologic prophylaxis may 
be initiated (Grade 2C)

For all patients Inferior vena cava (IVC) filter should not be used 
for primary VTE prevention (Grade 2C)
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once-daily administration, the favorable pharmacological profile, and the lower 
association with heparin-induced thrombocytopenia), LMWH are increasingly used 
in this area. The standard duration of thromboprophylaxis is about a week after 
surgery or, in general, until discharge.

Several studies, however, have shown the efficacy of extended prophylaxis to 
3–4 weeks after hospital discharge. The prolonged prophylaxis not only reduces the 
risk of thrombosis during the period of administration of heparin, but the benefits 
persist beyond 3 months following surgery. In the ENOXACAN II study, patients 
undergoing surgery for abdominal malignancy received 1 week of LMWH prophy-
laxis and were then randomized to LMWH or placebo for another 21 days [26]. 
Bilateral venography performed at the end of treatment period showed a statistically 
significant reduction in DVT from 12% with placebo to 4.8% with extended pro-
phylaxis. Another study (FAME study) evaluated the efficacy and safety of throm-
boprophylaxis with LMWH, administered for 28  days after major abdominal 
surgery compared to a 7-day treatment [27]. The cumulative incidence of VTE was 
reduced from 16.3% with short-term thromboprophylaxis to 7.3% after prolonged 
thromboprophylaxis. A third study to test the efficacy and safety of thromboprophy-
laxis in patients admitted for abdominal or pelvic surgery for cancer is the 
CANBESURE study. Patients received LMWH once daily for 8 days and were then 
randomized to receive either LMWH or placebo for 20 additional days [28]. At the 
end of the double-blind period, VTE occurred in 0.8 and 4.6% patients in the two 
groups, respectively. The bleeding risk was not increased by extended LMWH 
prophylaxis.

The American Society of Clinical Oncology (ASCO) guidelines recommend the 
use of prophylactic anticoagulation in surgical patients. In particular, patients under-
going laparotomy, laparoscopy, or thoracotomy lasting more than 30 min should 
receive pharmacologic thromboprophylaxis with either low-dose UFH or LMWH 
unless contraindicated because of ongoing active bleeding or a high risk for it [29]. 
Since these patients remain at elevated risk for VTE for an extended period of time 
after hospital discharge, the ASCO panel recommends that prolonged prophylaxis 
for up to 4 weeks be considered in patients undergoing major abdominal or pelvic 
cancer surgery with high-risk features, such as residual malignant disease post- 
resection, obesity, or previous history of VTE [29]. The National Comprehensive 
Cancer Network (NCCN) guidelines also recommend that all cancer patients with 
high risk (age ≥ 60 years, advanced cancer, operative times more than 2 h, previous 
VTE, and >3 days of bed rest) undergoing major surgery should be considered for 
extended VTE prophylaxis [30]. The same recommendations are made by the Italian 
Society of Medical Oncology (AIOM) (www.aiom.it) and the Italian Society for the 
Study of Hemostasis and Thrombosis (SISET) [31].

5.5.3  Orthopedic Surgery

Major orthopedic surgery, including total hip replacement (THR), total knee 
replacement (TKR), and hip fracture surgery (HFS), is associated with a very high 
risk of VTE. Symptomatic DVT events occur after hospital discharge, and the risk 
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of VTE in this setting remains high for at least 2 months after surgery, in particular 
after THR [32]. The risk of VTE attributable to the surgical procedure per se is so 
high that no further risk stratification based on individual risk factors is warranted 
to decide the optimal thromboprophylaxis.

LMWH and low-dose UFH have been widely investigated in patients undergoing 
major orthopedic surgery, and their efficacy is well documented, especially follow-
ing THR and TKR.  The ACCP guidelines recommend the routine use of either 
LMWH, fondaparinux, new anticoagulants (apixaban, dabigatran, rivaroxaban), 
low-dose UFH, low-dose warfarin, or aspirin for patients undergoing THR, TKR, or 
HFS (Grade 1B) [33]. LMWH is to be given either preoperatively, that is, started 
12 h before surgery according to the European standard of practice, or postopera-
tively, that is, started 12–24 h after surgery according to the North American stan-
dard. Finally, after orthopedic surgery, it is recommended to administer 
thromboprophylaxis for a minimum of 10 days in all patients and to extend throm-
boprophylaxis in the outpatient period for up to 35 days. A meta-analysis of six 
randomized, double-blind trials comparing extended, out-of-hospital thrombopro-
phylaxis with LMWH versus placebo demonstrated that extended out-of-hospital 
thromboprophylaxis reduces the risk of symptomatic VTE by 64% [34].

Both UFH and LMWH need subcutaneous administration, which is not always 
convenient for post-discharge use. Conventional anticoagulant therapy with couma-
rins has some limitations due to short-term adjustment and frequent INR monitoring.

The development of new oral anticoagulant agents, i.e., the direct thrombin 
inhibitor, dabigatran, and the selective FXa inhibitors, rivaroxaban and apixaban, 
are approved in many countries for VTE prevention in patients undergoing hip or 
knee arthroplasty. Thanks to their pharmacodynamic and pharmacokinetic profile, 
DOAC can be a viable alternative to other anticoagulants: they can be administered 
at fixed doses, have few interactions with food and other drugs, and do not require 
monitoring [35].

Large randomized controlled trials have evaluated the efficacy and safety of 
DOAC for the prevention of VTE. Each of these trials used the same primary out-
come measure, a composite of symptomatic or asymptomatic DVT diagnosed by 
venography, nonfatal PE events, and all-cause mortality. Dabigatran was investi-
gated for prevention of VTE in four Phase III trials, two after THR (RE-NOVATE 
and RE-NOVATE II) and two after TKR (RE-MODEL and RE-MOBILIZE) [36–
39]. RE-MODEL, RE-NOVATE, and RE-NOVATE II have demonstrated non-infe-
riority versus LMWH for the primary outcome, while RE-MOBILIZE did not 
demonstrate non-inferiority, although both treatments were similar for the second-
ary composite outcome. A meta-analysis of the data from these four trials confirmed 
these findings, showing that dabigatran versus LMWH had a similar efficacy in 
preventing total VTE and all-cause mortality as well as a similar risk of major bleed-
ing or clinically relevant bleeding [40].

Rivaroxaban was also investigated in four large Phase III trials, two after THR 
(RECORD 1 and RECORD 2) and two after TKR (RECORD 3 and RECORD 4) 
[41–44]. All four trials demonstrated the same efficacy of rivaroxaban compared to 
LMWH for the primary outcome of total VTE and all-cause mortality. There were 
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no significant differences in the rates of major bleeding between the two treatments. 
A meta-analysis of data from these four trials confirmed these findings [40].

Apixaban was investigated in three large Phase III trials for prevention of VTE 
after TKR (ADVANCE-1 and ADVANCE-2) and THR (ADVANCE-3) [45–47]. In 
ADVANCE-1 despite similar efficacy, apixaban did not meet the prespecified, non- 
inferiority goal because the event rates in the control group were much lower than 
expected. Major bleeding rates were marginally lower with apixaban (0.7 vs. 1.4% 
with enoxaparin). In ADVANCE-2 and ADVANCE-3, the same apixaban regimen 
was as effective as LMWH in reducing total VTE plus all-cause mortality with a 
similar risk of major bleeding. A meta-analysis of the data from these three trials 
confirmed these findings with a trend toward a lower risk of major bleeding and a 
significantly lower risk of clinically relevant bleeding [40].

As dabigatran, rivaroxaban, and apixaban are all partly cleared by renal elimina-
tion, their use needs to be carefully considered in patients with renal impairment, 
which is rather frequent in elderly patients. European guidelines recommend that 
apixaban and rivaroxaban should not be used in patients with CrCl <15 mL/min, 
while no dose adjustment is necessary in patients treated with rivaroxaban or apixa-
ban who have mild (CrCl 50–80  mL/min) or moderate renal impairment (CrCl 
30–49 mL/min).

The guidelines note the limitations of DOAC, including the possibility of 
increased bleeding, which may occur with all anticoagulants, but was clearly shown 
for rivaroxaban, and the lack of long-term safety data with all medications: dabiga-
tran, rivaroxaban, and apixaban.

 Conclusions
Many conventional risk factors for VTE established in the young and middle-
aged population increase the risk of thrombosis in the elderly. Major surgery, 
especially oncological or orthopedic, significantly affects that risk. Furthermore, 
the older the patients undergoing surgery, the more likely that comorbidity exists 
at the time of intervention; consequently, the risk of VTE increases. Effective 
VTE prophylaxis for surgical elderly patients at significant risk of thrombosis 
reduces the burden of VTE and improves outcomes. The current development of 
VTE stratification models, using the increasing knowledge of the clinical and 
surgical risk factors of thrombosis, is important for identifying high-risk patients, 
who can most benefit from thromboprophylaxis, thus reducing VTE-associated 
morbidity and mortality.
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6.1  Thyroid Diseases

The thyroid undergoes a physiological cellular senescence, involving a progressive 
weight and volume loss, together with an increase of fibrous components, reduction 
in follicle size and amount, decrease of colloid production and increase of infiltrat-
ing lymphocytes [1–3].

Functional changes occur simultaneously, consisting of increased TSH serum 
levels and a reduction of T3 and Ft3 circulating levels, likewise increased rT3 levels, 
which is a metabolically inactive hormone. FT4 and T4 levels are set to be 
unchanged. Peripheral organs decrease their susceptibility to thyroid hormones, 
combined with an increasing rate of antithyroid antibodies.

The significance of thyroid hormonal changes in the geriatric population is not 
perfectly clear yet. It was suggested that they may be a protection mechanism 
against the physiological catabolism of aging. According to this hypothesis higher 
TSH levels may be related to a longer lifespan. In conclusion, it is difficult to 
unequivocally understand laboratory findings of the thyroid function in elderly 
subjects [1–3].

The clinical suspicion of thyroid disease in geriatric patients is not different from 
that of younger people. Primary hyperthyroidism consists of an increase of FT3 and 
FT4 serum levels combined with TSH reduction. On the other hand, primary hypo-
thyroidism consists of a reduction of FT3 and FT4 levels combined with an increased 
TSH serum concentration [4]. The difficulty in interpreting the results analytically 
arises from subclinical thyroid dysfunctions in the aim of finding appropriate thera-
peutic management.
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Geriatric people are characterized by an increasing rate of patients with high 
antithyroid antibodies and subclinical hypothyroidism. Subclinical hypothyroidism 
itself has advantages to the aging human body as the reduction of catabolism. 
Clinical studies also show that there is no link with the decaying of brain cortical 
functions: thus, if no symptoms are reported and in cases of moderate subclinical 
hypothyroidism, no pharmacological treatment would be recommended.

Subclinical hyperthyroidism is classified into two degrees. The first degree is 
recognized when TSH levels are persistently ranging from 0.1 to 0.39 mIU/L and 
is related to an increased incidence of atrial fibrillation. In the second degree, TSH 
levels are always less than 0.1 mIU/L with an increased rate of mortality related 
to coronary artery disease, increased incidence of atrial fibrillation, heart failure, 
and fractures [5–9]. So, a first grade of subclinical hyperthyroidism is related to 
an increased incidence of atrial fibrillation, therefore, subclinical hyperthyroidism 
in geriatric patients must be treated with antithyroid drugs, or with 131I radio meta-
bolic therapy [5].

6.2  Goiter

The term goiter refers to an abnormal and irreversible enlargement of the thyroid 
gland. Once diagnosed, goiter reveals its benign nature and can be classified into 
multinodular (Fig. 6.1) or nodular and toxic or non-toxic goiter. The genesis of a 
goiter has its roots in genetic, environmental, food and drug factors all combining 
with each other. Whether in endemic or non-endemic goiter areas the prevalence of 
a goiter is higher in the geriatric population than in the younger population. Mostly 
in Western countries, this can be related to several conditions, such as recurrences 
in patients who had previously undergone partial thyroidectomy, or increased use of 
instrumental investigations due to other geriatric diseases. A continuous enlarging 
goiter may become symptomatic over time, and in these cases diagnosis is required.

Fig. 6.1 Multinodular goiter in over-65 aged woman
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6.2.1  Non-Toxic Goiters

A goiter can be defined as non-toxic when thyroid functional levels range from 
normal to partly decreased: the second condition may be the consequence of a 
concurrent autoimmune thyroiditis. Goiter size is likely to be larger in geriatric 
patients than in young people. A more frequent mediastinal widening also affects 
older patients [1, 3, 10–12]. Both phenomena are due to the continuous enlarge-
ment of the goiter over time.

If a hypothyroidism is recognized, symptoms can be characterized by body-
weight gain, asthenia and fatigue, hypersomnia, cold intolerance, myxedema, con-
stipation, skin and appendages disorders, psychiatric depression, altered 
consciousness or impaired concentration ability, and heart failure. Geriatric patients 
often report less symptoms than the younger patients with fatigue and asthenia 
occurring more frequently in the former. Comorbidities as well as the few symp-
toms related to goiter may be interpreted as expression of non-thyroid primary dis-
eases, delaying the diagnosis of hypothyroidism and resulting in a higher risk of 
heart failure, atherosclerosis, and insurgent coma. On the other hand, in cases of 
regular functions, symptoms may only be mechanical, such as dyspnea, dysphagia, 
and rarely dysphonia [1, 10–12].

Most patients suffering with a goiter, even if affected by an extended goiter, are 
reported as asymptomatic or fairly paucisymptomatic. This is probably related to a 
physiological adaptation of the neck tissues to a slow and progressive enlargement 
of the thyroid gland over time. In fact, many asymptomatic patients suffering from 
tracheal deviation or compression, due to mediastinal widening, report a subjective 
feeling of breathing improvement after being treated with total thyroidectomy.

The physiological reduction of sensitivity and possible coexisting respiratory 
diseases can make it difficult to interpret the real severity of goiter-related symp-
toms in geriatric patients. Dysphagia, mainly occurring when the left back lobe of 
the thyroid enlarges, is directly related to the compression of cervical esophagus, 
but sometimes this diagnosis is difficult in elderly patients. Indeed, a cricopharyn-
geal dysphagia, linked to a neuromuscular incoordination of the mechanical swal-
lowing process, is not unusual in older patients because it can be generally interpreted 
as a paraphysiological age-related deficiency, if no other potentially linked neuro-
logical, muscular, or vascular pathologies are diagnosed.

Dysphonia has more frequently to be interpreted as a neoplastic infiltration of 
one of the inferior laryngeal nerves rather than its extrinsic compression. However, 
in geriatric patients a clinical diagnosis of dysphonia must take into account either 
a possible primary or secondary larynx disease, or because of a reduced aging- 
related vocal ability, in absence of other specific diseases.

To assess the thyroid function, the dosage of TSH, FT3, and FT4 is necessary 
together with the measurement of Ab-hTg and Ab-TPO with the aim of diagnosing 
a possible concurrent autoimmune chronic thyroiditis [3].

Instrumental diagnosis consists firstly of an US-scan that evaluates the glandular 
size, the number, location, and features of possible lumps, the evidence of tracheal 
dislocation, a potential mediastinal widening and the lymphatic state. A chest and 
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thorax CT scan is required in cases of substernal widening. The diagnostic is to be 
completed by performing a needle biopsy, in cases of solid lumps with suspicious 
characteristics.

6.2.2  Toxic Goiters

The definition of toxic goiter refers to a pathological condition of thyroid enlarge-
ment associated with overproduction of thyroid hormones. According to the presence 
of lumps in the area of parenchyma, goiters can be classified into diffuse toxic goiters 
or toxic nodular goiters (uninodular or multinodular) [10–13]. In both geriatric and 
in young patients, diffuse toxic goiter is also known as Graves Flajani Basedow dis-
ease and as a consequence of its genesis, it is autoimmune. In fact, some people are 
genetically predisposed with anti-TSH receptor auto-antibodies which can bind to 
their target, the thyroid, and have a stimulatory activity resulting in miming thyrotro-
pin action. There are sub-populations of auto-antibodies which show some differ-
ences both in binding affinity and in intrinsic activity, and they are predisposed to 
differ over time. This explains why the disease can present an erratic intensity over 
time, both increasing and decreasing. In diffuse toxic goiters, there is a parenchymal 
compactness, due to an extreme colloidal reduction. The thyroid is more vascular-
ized with lymphocytic infiltration. Toxic nodular goiters can be either uninodular or 
multinodular. A uninodular thyroid toxic nodule, also called Plummer’s disease, 
typically consists of a single increasing toxic nodule, that produces thyroid hor-
mones, autonomously functioning from the hypothalamic pituitary axis. Such auton-
omous hyperactivity is conferred to the solitary nodule by a somatic mutation 
activating the TSH receptor in single cells. The pathogenic mechanism is identical in 
multinodular toxic goiters. The only difference is the somatic mutation, occurring in 
one or even more pre-existing nodules, which turns them “autonomous.”

Toxic goiter, mainly multinodular, is generally more frequent in elderly patients 
than in young individuals: the nodular mutation to “autonomously functioning” is 
more likely to happen in old nodules, that is to say in elderly people. Such a phe-
nomenon is far more frequent in endemic iodine deficiency areas.

Symptomatology of toxic goiters is always functional, but at times can also be 
mechanical. The most common symptoms are tachycardia, palpitation, weight 
loss, heat intolerance, tachypnea, tremor, diarrhea, and nervousness; widespread 
itching, and less frequently urticaria and fever. Patients suffering from Graves-
Flajani- Basedow disease can also have ophthalmopathy, acropachia, and pretib-
ial myxedema.

While hyperthyroidism in young patients generally manifests with numerous 
symptoms, even if variable in their intensity, in geriatric patients only one or two 
symptoms can be detected. Tachycardia, weight loss, and tachypnea are among the 
most commonly reported symptoms in the elderly. Furthermore, apathy rather than 
nervousness appears in about 35% of geriatric patients suffering from hyperthyroid-
ism. The clinical picture, already subtle in itself, should then be interpreted in the 
light of potential existing co-morbidities and drug treatments, which can make the 
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diagnosis of hyperthyroidism difficult or delayed [1–5, 10, 11]. If present, mechanic 
symptoms are related to the goiter size and depend on the individual patient’s degree 
of susceptibility: compressive dyspnea, dysphagia, and rarely dysphonia.

The laboratory diagnosis consists of a reduced or annulled TSH dosage with a 
high FT3 and FT4 dosage. It is important to consider that a condition of low or 
annulled levels of THS, occurring with high FT3 and T3 levels and normal FT4 
levels—also known as T3 toxicosis—is more likely to occur in geriatric patients 
than in young patients. It is appropriate to add the anti-receptors TSH antibody dos-
age to the normal one. The former is specifically employed to diagnose Graves- 
Flajani- Basedow disease, both in its diffuse and nodular versions.

US scan represents the first instrumental exam. It allows assessment of the 
gland size, potential traces of lumps with their characteristics, the degree of paren-
chyma and lumps vascularization, and the trachea condition. If a mediastinal 
extrication is taking place, a chest and thorax CT scan is recommended to com-
plete the second level diagnosis, allowing an optimal evaluation of the goiter’s 
mediastinal portion.

A radiolabel 99mTc scan enables evaluation of whether the hypercaptation 
involves all the parenchymal gland or just a portion of one or more lumps. A needle 
biopsy is required in cases of suspicious scanned lumps. Indeed, it has been proven 
that 2–6% of patients diagnosed with papillary thyroid carcinomas were also carri-
ers of the TSH receptors mutation. This demonstrates that papillary carcinomas can 
also manifest as autonomous lumps.

6.2.3  Treatment

Surgical treatment is recommended in cases of mechanical symptoms, tracheal dis-
location and mediastinal extrication. The risk related to surgery is as high in geriat-
ric patients as in young patients [10–13]. However, there are some specific 
age-related complications, in the presence of more enlarged goiter, mediastinal wid-
ening, glands hyperactivity, relapse, and thyroiditis. Even when dealing with geriat-
ric patients, a surgical treatment of the multinodular goiter is considered best 
practice, unless general or local conditions make surgery-related risks higher than 
the expected benefit.

Surgical options to treat multinodular goiter, in the case of bilateral pathology, 
are a total or subtotal thyroidectomy. On the other hand, a thyroid lobectomy may 
be performed in cases of monolateral pathology. The option of a subtotal thyroidec-
tomy prevails when relapse risk is lower because of a reduced lifespan. Such surgi-
cal procedure does not entail the risk of a bilateral recurrent paralysis and drastically 
reduces the risk of iatrogenic hypoparathyroidism [10–13]. When threatening con-
ditions evidently contraindicate a surgical treatment, either totally or partially, the 
optional alternative treatment is almost always an alcohol injection. Cystic nodules 
accountable for the mechanic symptomatology or tracheal dislocation can be treated 
with such procedure. Solid nodules can be reduced by thermoablation, radiofre-
quency, high-intensity focused ultrasound and microwave [14–17].
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Regarding toxic goiters, the primary therapeutic objective is to obtain euthyroid-
ism by the administration of antithyroid drugs, notably methimazole. Obtaining a 
normal thyroid function is the precondition even in carrying out surgery. In case of 
contraindications to surgery and if mechanic symptomatology remains, although a 
normal thyroid functionality is achieved, an 131I radiometabolic therapy would be 
appropriate. This enables the resolution of the hyperthyroidism state and the reduc-
tion of lump volume. Nonetheless, the same options that are considered as appropri-
ate to treat non-toxic goiters can be employed [10–17].

6.3  Malignant Tumors

The cancers that can be generated from the follicular thyroid epithelium are papil-
lary and follicular cancers, presenting some differences, and the anaplastic thyroid 
cancer. Other forms (lymphomas, miscellaneous tumors, metastatic tumors, non- 
classified tumors) are rare. Parafollicular cells can instead give rise to medullary 
cancer. From an etiopathogenetic standpoint, familial predisposition and prior expo-
sure to ionizing radiation of the cervical-mediastinal region are recognized as risk 
factors. The incidence of malignant thyroid cancers is currently ranging from 5 to 7 
cases out of 100.000 people a year, with an F/M ratio corresponding to 3.5/1. 
According to several contributions, the rate is indeed much higher in the elderly 
than in young people, the rate being reported as progressively increasing with aging 
[18, 19]. This is explained by the fact that each isotype has more frequent aggressive 
variants in elderly people. Anaplastic cancer and its various forms are almost always 
found in geriatric people, as far as differentiated forms are concerned (papillar and 
the follicular cancer) these are both characterized by more frequent histologic 
aggressive variants.

Nearly 80% of malignant thyroid cancers are papillar cancers which constitute 
the most frequent isotype in all ages, including geriatric people, who have an 
increase of the most aggressive biological variants (oxyphilic, tall, sclerosing, 
columnar and insular cells) [20]. The genotype of papillar cancer consists of a great 
frequency of BRAFV600E somatic mutation and RET/PTC gene rearrangements 
(notably in patients highly exposed to ionizing radiation). Both older age and 
BRAFV600E mutation, if detected, combine with a more aggressive biological behav-
ior. Papillar cancer is likely to metastasize via the lymphatic system. Such a process 
is more frequent in geriatric patients and in children under 14 years together with a 
possible diffusion to the neck lymph node stations [19]. However, only in geriatric 
patients does such an element negatively affect the prognosis. Bone and lungs 
hematogenous metastases are much rarer.

Follicular cancer represents 10% of malignant thyroid cancers, occurs in iodine 
deficiency areas, and is more likely to metastasize via hematogen, mainly affect-
ing lungs and bones. Slightly differentiated cancer and anaplastic cancer are 
higher in iodine deficiency areas and they represent near 1% of malignant thyroid 
cancers, both often being the development of differentiated papillar and follicular 
untreated forms.
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From the genetic viewpoint, a p53 tumor-suppressor gene mutation, which seems 
to be the determining mutation in the rising of anaplastic cancers, can be added to 
the common mutations in papillar and follicular forms. Anaplastic cancer has a fast- 
growing rate, with an early extracapsular extension and the infiltration in all the 
neck tissues. Its features make it virtually impossible to treat with surgery both radi-
cally or even partially. In addition, it is a fast metastasizing cancer either via the 
lymphatic or hematogenous systems, with neck lymph node metastases, neoplastic 
venous blood clots, lung and bone lesions. The prognosis is always poor. Exitus is 
commonly due to obstructive respiratory failure [18–20].

Medullary cancer is a malignant neuroendocrine tumor originating from parafol-
licular or C cells and represents 5–6% of malignant thyroid cancers. It may be spo-
radic (in 75% of cases) and familial (25% of cases). Medullary familial cancers 
together with MEN2A and MEN2B syndromes represent the familial forms but they 
occur above all in the young and juvenile [18].

On the contrary, medullary cancer is almost always sporadic in geriatric patients 
and is mostly related to a RET gene somatic mutation. This kind of cancer fre-
quently metastasize through the lymph system all the neck lymph nodes, but also to 
lungs, liver, and bones through the venous system [18–20].

The cancer biology is documented as more aggressive and the prognosis is 
much worse in geriatric patients than in young patients. Under 45 years of age and 
female subjects are historically recognized as positive prognostic factors for thy-
roid carcinoma. The prognosis gradually gets worse for 45-year-old people there-
after: cancer- specific mortality increases with age regardless of the frequency of 
anaplastic carcinoma and the scarcely differentiated type. Regarding each isotype, 
primary tumor size, extracapsular thyroid extension, mortality, disease relapses, 
and lymph metastases become much higher in geriatric patients in a statistically 
significant way.

6.3.1  Symptomatology

Thyroid carcinoma is not always symptomatic and it can be accidentally diagnosed 
when other analyses are being carried out for other purposes. When symptomatic, 
the carcinoma reveals itself with a swelling in the iodine neck area that can be of 
higher consistency and hypomobile compared with superficial layers, if infiltrated. 
In case of lymph node metastases, superficial swallowing combines with lymph 
node swallowings located in the laterocervical region or in the central compartment. 
A lymph metastasis may sometimes occur as the first sign of the cancer (precessive 
metastases). The widening of thyroid swallowing may entail the onset of dysphonic 
and dysphagic symptomatology compression. Dysphonia can occur if one of the 
laryngeal nerves is infiltrated. The symptomatology of the anaplastic carcinoma is, 
on the other hand, very characteristic: an iodine swelling, often increased is present; 
that swelling may rise extremely quickly in a few days or weeks. The infiltration of 
the subcutaneous plane makes the cutaneous look translucent with a typical more or 
less intense livedo. Jugular veins may feel turgid because of extrinsic compression, 
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infiltration or intrasegmental neoplastic clots. Lymph node metastatic swallowing is 
often associated. The mass is extended, hard, and fixed in comparison with the 
neighboring organs which are rapidly infiltrated. Dysphagia is frequent while dys-
pnea is, for the most part, steady and both are linked to the obstructive effect. The 
rapid infiltration of low laryngeal nerves determines dysphonia and reduction of 
glottis space with consequent tirage and cornage symptoms.

6.3.2  Diagnosis

The pre-operative laboratory diagnosis can be useful in medullary carcinoma: cal-
citonin levels are frequently high and have diagnostic susceptibility with specific-
ity significantly increasing as the serum calcitonin levels rise. If the increase in 
calcitonin levels is modest and not nullifying (notably in cases of an existing ther-
apy with proton pump inhibitors), a pentagastrin-stimulating test may be helpful. 
Calcitoninemia also represents a great diagnostic element during the follow-up 
phase. The thyroglobulin dosage administrated during a pre-operative phase is not 
diagnostic in well-differentiated cancers, but it still remains helpful to assess the 
post-operative delay on the basis of a possible 131I -based ablation therapy and in 
light of the follow-up. Anaplastic carcinoma may combine with a CEA elevation, 
while on the other hand thyroglobulin levels lose their usefulness, even during the 
follow-up, because, in this case it is about neoplastic undifferentiated cells not able 
to reproduce any more. US scan is the first level instrumental analysis that consists 
of evaluating the thyroid nodules and lymphoid state. Suspicious nodular features 
are hypo echogenicity, feathered edges, presence of micro calcifications, and intra-
nodular vascularity.

The US scan is strongly recommended to carry out an ultrasound-guided thyroid 
needle biopsy that enables making the diagnosis on the six diagnostical Bethesda 
classes basis.

In case of suspected medullary carcinoma, the immunocytochemistry calcitonin 
levels detection-based reveals nullifying. A lymph node needle biopsy is appropri-
ate if a local-regional lymphadenopathy is suspected. If the lymphoid metastasis is 
cystic, a thyroglobulin dosage on the aspirated liquid may prove diagnostic. Along 
the preoperative staging, a neck and thorax CT with and without contrast is a second 
level analysis.

The presence of pulmonary or bone nodules suspected as being relapsed cell 
thyroid cancer may be further investigated through a 99mTc o 123I scintigraphic 
imaging: the possible radiopharmaceutical uptake from some nodules resolves 
the source. Running a neck MRI, an OctreoScan whole-body scintigraphy, and 
sometimes a PET-CT may be helpful during the medullary carcinoma staging. A 
video laryngoscopy enables diagnosis of a vocal cord paralysis if the inferior 
laryngeal nerve was affected by neoplastic infiltration. Such examination is 
always appropriate even if dysphonia is not occurring because even during an 
existing vocal cord paralysis, a vocal compensation will establish, thus allowing 
good vocal qualities.
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6.3.3  Therapy

Both papillar and follicular carcinomas should be treated with total thyroidectomy 
and therapeutic lymphadenectomy, thus removing all the lymph nodes macroscopi-
cally involved. Furthermore, since thyroid malignant neoplasms prove much more 
aggressive in geriatric patients, a prophylactic lymphadenectomy of the central com-
partment should be appropriated too [18, 19]. This treatment has no controversies in 
high-risk forms. According to the stage of papillar carcinoma, three grades of risk are 
classified: very low, low, and high. An 131I ablation therapy is certainly the appropri-
ate treatment in high-risk patients but it is also recommended in low risk patients. In 
both cases the L-thyroxin suppression therapy is recommended [18–23].

According to recent guidelines, very low risk papillary neoplasms should be 
treated only with a lobeistmectomy when no evidence of contralateral pathology is 
detected despite the chance of the disease being bilateral. Cases involving recidi-
vism should be dealt with surgically and with 131I therapy. In cases, non-susceptible 
to surgical treatment forms 131I therapy represents the only therapeutic option avail-
able when dealing with BRAF negative forms. On the other hand, in BRAF positive 
forms an adjuvant tyrosine kinase inhibitors drug therapy (Sorafenib, Dabrafenib) 
can also be employed [18–22].

In cases of follicular carcinoma if a lobeistmectomy was carried out in presence 
of a single lump there is currently no indication to total thyroidectomy in the pres-
ence of a single neoplasia, with positive histotype, smaller than 1 cm in diameter 
and without wide extracapsular extension. Totalization and adjuvant 131I therapy is 
recommended when dealing with other forms.

Surgical treatment of medullary carcinoma is mostly sporadic in elderly people; 
it should be treated with total thyroidectomy, prophylactic lymphadenectomy of 
the central compartment and therapeutical monolateral or bilateral cervical 
lymphadenectomy.

Anaplastic carcinoma’s surgery rarely has a radical aim mostly because it repre-
sents a utopia if the disease is not at an early stage. Surgical treatment only aims for 
a debulking procedure just to preserve the respiratory and digestive tracts from infil-
tration. However, the invasion of respiratory tracts and the consequent obstructive 
respiratory failure are not always prevented after tracheotomy. Chemo and adjuvant 
radiation current protocols show little progress, with a very low increase in median 
survivals. The current availability of tracheal and esophageal implants can help to 
lessen the need for tracheotomy and despite its high cost it enhances substantially 
the remaining quality of life in patients [21, 22].

6.4  Parathyroid Diseases

Parathyroid glands control the amount of calcium in the blood and within the bones 
and they can vary in number and position. In most individuals, there are typically 
four parathyroid glands but they can range from 1 to 12. Regarding their position, 
superior parathyroid glands are in most cases positioned behind the superior pole of 
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the thyroid gland at the cricothyroidal cartilage junction. On the other side are the 
inferior parathyroid glands which are positioned at the inferior poles of the thyroid 
gland near the capsule between the inferior thyroid artery branches. Both superior 
and inferior parathyroid glands can migrate from their original position. In this case, 
some disorders in number and position may develop: parathyroid tissue may locate 
in each point of the neck and mediastinum. The superior parathyroid glands migrate 
a shorter distance than the inferior glands, which results in a relatively more con-
stant location in the neck [24].

The parathyroid pathologies of surgical interest are those causing hyperparathy-
roidism conditions as well as carcinoma.

6.5  Hyperparathyroidism

Hyperparathyroidism occurs when there is an excess parathyroid hormone pro-
duction, which results in an elevated urinary calcium serum level, a reduction in 
phosphorus and an increasing osteoclast activity. The different forms of hyper-
parathyroidism are classified: primary, secondary, and tertiary [25–27].

Primary hyperparathyroidism is more frequently due (85% of cases) to a single 
parathyroid adenoma, even in geriatric patients. Less frequently (15%) it is due to 
a parathyroid hyperplasia or rarely (0.5%) to parathyroid carcinoma. It has a prev-
alence of about 0.8% and it may occur predominantly in women aged from 60 to 
70. However, it may occur earlier in familial endocrine syndromes and in MEN1 
and MEN2A.

Secondary hyperparathyroidism is due to a thyroid hyperplasia, as a consequence 
of ionized calcium serum deficiency, and is predominantly due to a long-term 
chronic renal failure, that is more likely to affect elderly people. Tertiary hyperpara-
thyroidism occurs as recurrence after removing the cause of the secondary form, for 
example after renal transplant. Typically, this is due to an adenoma resulting from a 
secondary hyperplasia.

6.5.1  Symptomatology

Hyperparathyroidism symptomatology varies according to the length of the disease 
and the magnitude of hypercalcemia. In 40–50% of cases, notably in secondary 
hyperparathyroidism with renal failure, the diagnosis is made at a presymptomatic 
stage for the laboratory detection of the disease.

Nephrourolithiasis in primary hyperparathyroidism causes a symptomatology 
characterized by urinary tract stones with recurrent colics which are the most 
predominant symptoms even in geriatric patients; hypercalcemia also entails a 
myasthenic symptomatology of varying intensity; mood alteration can develop 
depression and emotional liability. Creativity and attention span are also drasti-
cally reduced.
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Constipation is one of the gastrointestinal symptoms. Peptic ulcers and dysmeta-
bolic pancreatitis can be potential complications. The altered turn-over of bone min-
eral metabolism also causes osteoathralgia and severe osteoporosis notably in old 
women, which results in a higher risk of pathological fractures.

The classical frame of fibrocystic osteitis is more difficult to depict thanks to a 
better timeliness for the diagnosis than in the past. Geriatric patients suffering from 
primary hyperparathyroidism are likely to have similar symptoms regardless of the 
specific pathology, which results in a complex set of symptoms.

A peculiar frame of symptoms is represented by the proteotoxic crisis, occurring 
in 7–12% of parathyroid carcinoma patients. In this case calcium levels are gener-
ally higher than 16 mg/ld, causing severe heart arrhythmias and alteration of con-
sciousness or even coma.

Beyond the possible classical symptoms in secondary hyperparathyroidism, 
symptomatology is generally mainly represented by osteoathralgia and widespread 
itching: these symptoms are due to the drastic reduction of calcium salts in soft tis-
sues which causes a histamine release from mast cells. There may be a deposition 
of calcium salts in noble parenchyma, in parietal and vascular space, perivascular 
space resulting even in skin or organ necrosis (calciphylaxis).

6.5.2  Diagnosis

Clinical suspicion is confirmed by laboratory analysis. A PTHi increase is detected 
in each form of hyperparathyroidism. In primary and tertiary hyperparathyroidism 
cases of hyperparathormonemia combine with hypercalcemia and hypophosphate-
mia. On the other hand, in secondary hyperparathyroidism calcium levels may 
experience just a slight increase or even be normal, with phosphorus and PTHi sig-
nificantly increased. In secondary cases with a chronic renal failure basis, creatinine 
and alkaline phosphatase are also increased, notably in case of bone involvement.

From an instrumental standpoint, a neck scan enables to detect pathologic para-
thyroidism, which appears as hypoechogenic, in extracapsular thyroid space, para-
esophageal or paracarotid. A 99mTc and Sestamibi subtraction scintigraphy for 
parathyroid imaging enables to detect the parathyroid or pathological parathyroid 
position even when positioned at a mediastinal level. An X-ray test typically depicts 
the subperiosteal bone reabsorption of the cranial shrine, at a metacarpophalangeal, 
metacarpal, and metatarsal level. Such a test may also help to detect soft-tissue cal-
cifications if present.

In case of suspicious instrumental images a needle biopsy should be an appropri-
ate further exam. As reported by different authors, this exam helps to analyze the 
parathyroid nature of the swallowing but its employment remains controversial for 
two main reasons. The first reason is due to the possibility of the disease to an extra-
capsular spread, which may cause persistence or post-surgical relapses. The second 
reason is due to the possible morphologic alterations the exam may have over the 
gland, thus resulting in a consequently problematic histologic diagnosis.
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6.5.3  Therapy

A surgical treatment is the gold standard and currently surgical indications regard 
patients suffering from symptomatic and asymptomatic hyperparathyroidism. In 
primary hyperparathyroidism with adenoma a removal of the single adenoma gland 
or multiple glands, in rare cases of multiple adenomas and in hyperplasia cases a 
subtotal parathyroidectomy is carried out.

The surgery is generally performed by a cervicotomy, with mini-cervicotomy or 
by MIVAP technique. If cervicotomy is performed, the surgery should use a gamma 
probe which facilitates the detection of the hyperfunctioning parathyroid tissue. An 
intraoperative rapid dosage of PTH is always recommended, because serum level 
reduction indicates that pathological tissue has now been removed [25–28].

In secondary hyperparathyroidism, the appropriate surgery is a subtotal parathy-
roidectomy, or a total parathyroidectomy with a subcutaneous or muscular replant-
ing of the parathyroid tissue at a volar forearm level [29–32].

In tertiary hyperparathyroidism, instead, one or more glands are to be removed 
depending on how many of them were affected by the autonomous evolution. 
Medical treatment is administrated in cases of parathyrotoxic crisis and should 
entail hydration of the patient together with a loop diuretics and calcitonin admin-
istration [31, 33].

6.6  Parathyroid Carcinoma

Parathyroid carcinoma represents around 1% of hyperparathyroidism and it is a rare 
form of cancer, representing 0.005% of all malignant cancers. This form of cancer 
will be sporadic or originate during genetic syndromes (MEN 1 and MEN2A; iso-
lated familial _FIHP hyperparathyroidism; “jaw tumor”— HPTJT hyperparathy-
roidism). Due to this aspect, no certain determinant mutations were detected, even 
though a significant number of HRPT2 and p53 mutation cases are involved together 
with an increased number of copies of the CCND1 gene [34–37].

Symptoms manifest in around 90% of parathyroid carcinomas, while 3–7% of 
the tumors are not functioning. In these tumors, the symptoms only deal with the 
detection of a palpable mass with possible compression and or infiltration signs, or 
local-regional lymphadenopathy metastases (in around 15–30% of cases). Distant 
lung, hepatic or skeletal metastases are detectable in around one third of the patients.

In functioning tumors, a possible palpable mass adds to a typical hyperparathy-
roidism symptomatology with urinary stones, myasthenia, psychiatric depression, 
epigastralgy, osteoarthralgy. In around 7–12% of cases it also manifests a parathy-
rotoxic crisis which occurs when calcium levels are higher than 16 mg/dL causing 
severe cardiac arrhythmia, altered consciousness or even coma. No clinical, bio-
chemical, or imaging parameters can help to distinguish a parathyroid pathology 
from being malignant or benign during a pre-operative stage [36, 38, 39].

The only criteria raising suspicions are: (a) a fast-rising clinical picture and the 
fast worsening symptomatology; (b) calcium levels higher than 14 mg/dL which are 
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in around 65–75% of cases related to carcinoma; (c) PTHi levels ten times higher 
than normal (81% predictive value); (d) metastatic outgrowth detected by instru-
mental exams (US, CT, MRI, scintigraphy, PET).

A needle biopsy procedure only helps to confirm the relapsing nature while it is 
contraindicated during an early diagnosis, because cytological data are insufficient 
to distinguish a benign lesion from a malignant lesion. Furthermore, needle biopsy 
also entails the risk of the mass lesion which would result in a neoplastic dissemina-
tion along the exam [40].

As a result, only a histopathological Shantz and Castleman-guided examination 
gives certainty: trabecular pattern; mitotic figures, tick and fibrous band, capsular 
and blood vessel invasion. In some cases, an immunohistochemical completion 
evaluating PTH, GATA3, TTF-1, PAX8, and thyroglobulin may also be helpful.

The therapy consists of an accurate and total surgical removal of the mass related 
to the peritumoral tissue involved, preserving the capsule integrity, with a lymphad-
enectomy of the central and/or ipsilateral laterocervical compartment, if a lymph 
node involvement is reported.

The use of an intraoperative gamma probe technique and the rapid intraoperative 
PTHi dosage, all together enable documenting of all the excision and therefore, both 
represent necessary complements. Should the suspicions remain, at an intraopera-
tive stage, an ipsilateral hemithyroidectomy should be carried out, even if the thy-
roid lobe was not obviously infiltrated, thus preventing a second exploration of the 
neck which would in turn give rise to a high risk of complications [39].

Relapses in parathyroid carcinoma occur in around 49–60% of cases, normally 
from 2 to 5 years after the first surgery. Relapsing risk is higher in patients present-
ing with lymphoid metastases during the diagnosis. Even at the same stage of the 
disease, geriatric patients undergo a lower relative risk when compared with younger 
individuals: relapses are predominantly local or regional, while distant metastases 
would affect lungs, liver, and bones [41–44].

Surgical treatment represents the first therapeutical step to be taken, even in 
relapsing cases. There are no current multi-center studies documenting the useful-
ness of adjuvant radiotherapy and chemotherapy to decrease relapses and to improve 
survival.
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7Breast Cancer Management 
in the Older Woman

Marsilio Francucci, Roberto Cirocchi, 
and Marina Vinciguerra

“Comfort me in times of trouble, grant me the serenity to accept the inevitable and lengthen 
the brevity of my time. Show me that the good of life is not in its duration, but in the use made 
of it. It is possible, or rather usual, for a man who has lived long to have lived too little”

(Seneca)

7.1  Introduction

In the past, breast cancer in older women has been the subject of scarce attention, 
despite its high incidence. In effect, 49% of all breast cancers have been reported in 
women over 65 years of age. Evidence-based management recommendations are 
limited; in fact, only 9% of elderly patients have been enrolled for randomized clini-
cal trials (RCTs). The absence of high-quality clinical trials regarding geriatric 
breast surgery has made it difficult to standardize therapeutic strategies [1].

In the late 1980s, the development of geriatric surgery and oncology has signifi-
cantly increased the interest in cancer treatment for elderly women, in particular, 
thanks to Ludovico Balducci, Umberto Veronesi, as well as the Italian Society of 
Geriatric Surgery. In 1993 in Perugia, the international conference “Breast Cancer 
in Older Women: An Agenda for the 1990s” was organized, which was officially 
diffused by Rosmary Yancik in Cancer journal [2]. Successively, prospective clini-
cal studies focusing on the breast-conserving surgery (BCS) and a lower extension 
of axillary dissection were designed for the treatment of elderly patients [3, 4].

In 2006, the highly important role of prevention in geriatric patients was recog-
nized at the National Consensus Conference of the Italian Group for Breast Cancer 
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Screening (GISMa). The consensus statement was that breast cancer prevention 
programs for women of over 70 years should be extended [5]. Subsequently, in 2007 
the International Society of Geriatric Oncology (SIOG) created a task force with the 
aim of developing multidisciplinary guidelines for the treatment of breast cancer in 
elderly women. More recently in 2012, these recommendations were updated by 
SIOG in association with the European Society of Breast Cancer Specialists 
(EUSOMA) [1]. In their statements, the SIOG and EUSOMA task force reiterate 
that elderly patients rarely undergo standardized therapies and have a higher rate of 
treatment interruption [1].

At the same time, the Italian Association of Medical Oncology (AIOM) added a 
chapter dealing with the specific treatment of breast cancer in older women, as part 
of their national clinical practice guidelines for oncology [6].

7.2  Epidemiology

In Italy, breast cancer is the most frequent cancer in women (29% of all cases) [6]: 
41% in the age group 0–49 years, 35% in the age group 50–69 years, and 21% in 
cases of women over 70 years of age [7–9]. In the USA, over 40% of women of 65+ 
years of age develop breast cancers; in 20% of them, diagnosis is made in women 
of 75+ years of age [7]. Aging is one of the main risk factors for breast cancer: 
patients of up to 49 years of age show an incidence rate of 2.4% in the diagnosis of 
new breast cancer, while those of over 70 years of age show a higher incidence trend 
of 4.7% [6]. Age is not an independent risk factor for the development of new breast 
cancer but is a result of the increased period of exposure to carcinogenic factors. As 
a result of the progressive increase in life expectancy, in the years to come, there 
will be a consequent significant increase in breast cancer rates in women >80 years 
of age.

In Italy in 2014, 16% of deaths caused by breast cancer were reported in women 
70+ years of age [7]. Breast cancer is also the leading cause of death in women of 
all age groups: 29% of deaths by cancer before age 50, 21% between 50 and 
69 years, and 16% after 70 years [10]. The SEER (Surveillance, Epidemiology, and 
End Results) study showed that in these women, mortality is not only related to 
cancer but also related to general comorbidities. In women of over 70 years of age, 
the deaths were not related to malignancy. In effect 80% of deaths occurred in 
patients without lymph node involvement (N) conversely and 60% in women with 
lymph node involvement (N+) [11].

7.3  Biological and Histological Characteristics

Breast cancer in the elderly woman has a prognostic profile more favorable than 
that of the younger woman; in fact, with aging the risk of local recurrence after 
surgery decreases [12]. In geriatric patients, the anatomical and pathological fea-
tures of breast cancer are not significantly different from those of other age groups. 
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Unfortunately, invasive ductal carcinoma prevails, even if there is a greater fre-
quency in some better prognosis histology. In effect, papillary carcinoma and muci-
nous carcinoma have a higher incidence after 75 years of age (4–6%) compared to 
women of childbearing age (1%) [13]. Neoplasms diagnosed in old age are associ-
ated with more favorable biological factors as well as a reduced aggressiveness. 
These characteristics are represented by lower aneuploidy [14] as well as lower 
expression of HER-2 (20.8%), Ki67 (33.7%), p53 (39.2%), EGF receptors (19.8%) 
and a greater expression of estrogen receptors (70.5%) and progesterone (56.7%) 
[15, 16].

In elderly women, breast cancer presents a greater degree of differentiation and 
a lower cell proliferation index: characteristics, which condition a slower neoplastic 
doubling time and a reduced tendency to develop both loco-regional recurrence and 
systemic metastasis [14]. These features seem to be at odds with the higher inci-
dence rates of advanced cancer diagnosed in the elderly. Because of this, there is an 
erroneous oncologist opinion that these “more aggressive” tumors are associated 
with a poor prognosis [17]. Conversely, locally advanced tumors are often due to 
multiple factors including the failure to extend mammography screening to the over 
70, along with a generally delayed diagnosis. This high risk of missed or delayed 
diagnosis is due to the reduced inclination of older women to undergo a breast 
assessment, even in the presence of clinical signs and symptoms. Another element 
is the disparity of access to the health-care system (the absence of family stimulus 
and poor compliance, scarce economic resources, travel difficulties, as well as avail-
ability of somebody to accompany them).

7.4  Role of Mammographic Screening

Mammography screening, performed in the age group between 49 and 69 years, has 
dramatically reduced mortality due to breast cancer [18]; based on this data, the 
possibility of extending mammographic screening up to 74  years has been sug-
gested [19]. The role of mammographic screening in determining mortality reduc-
tion has been clearly shown in women of over 70+ years old who have a life 
expectancy greater than 10 years and who have a good performance status [14, 20, 
21]. Moreover, mammography in geriatric-aged patients presents a sensitivity and 
specificity similar or greater than in younger patients; consequently, there is a 
greater predictive value and lower cost for each breast cancer diagnosed in these 
elderly women.

In 2006, the Italian Group for Breast Cancer Screening (GISMa) organized a 
national consensus conference on this topic. They recommended the extension of 
mammographic screening up to 74 years of age, where local health-care resources 
permit. This screening prolongation is only appropriate for women who had 
responded to previous screening steps and had a good life expectancy.

As regards the first point, the cost-effective analysis showed that the prolongation 
of screenings up to 79 years of age would require between $ 8000 and 27,000, con-
siderably lower than the resources necessary ($ 24,000–65,000) for prolongation to 
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40–49 age group [22]. For these reasons, the age limit for mammographic screening 
has been prolonged to 75 years of age in many European countries and the USA [21]. 
Although the prolongation of the age range for screening has some critical aspects, 
with the increase of age, there is a progressively reduced adhesion to screening pro-
grams, and the expected benefits of such prevention programs manifest themselves 
after 6–8 years of their launch (Table 7.1) [23]. Based on this evidence, some Italian 
regions have prolonged mammographic screening up to 74 years of age:

 – The Region of Emilia-Romagna, in January 2010, prolonged screening to women 
between 45 and 74 years of age.

 – The Region of Umbria, in April 2013, prolonged the screening program up to 
74 years.

 – The Region of Tuscany, in September 2016, prolonged the screening program to 
women aged 70–74 years, who had participated in one of the two previous calls 
before the age of 70.

 – The Region of Basilicata, in December 2016, prolonged mammography screen-
ing to all women from 45 to 74 years old.

 – The Region of Lazio offered the opportunity of free mammogram for women 
between 70 and 74 years, during the “Pink October” festival.

 – The ASL of Milan offered the screening program to women aged 50–74 years 
who are resident in the territory of the ASL Milan.

In cases where age prolongation for mammography screening is not possible, 
GISMa recommended facilitating access to spontaneous screening or providing 
specific diagnosis/treatment planning. Here, the family physician, who is familiar 
with the general health of his/her patients, plays a fundamental role: regulating 
access to spontaneous screening, implementing clinical breast evaluation during 
follow-up control, as well as instructing regular self-inspection [19].

7.5  Organizational Models

The EUSOMA recommended targeting women with breast cancer in specialist 
breast centers (Breast Units). Here, in the light of the heterogeneity of breast cancer, 
a specific and effective therapy guaranteeing a higher percentage of survival and a 
better quality of life to every woman is available [24]. In the Breast Unit, all 

Table 7.1 Life expectancy/age

Age
Percentage
10° 25° 50° 75° 90°

50 20.5 21.5 36.5 415 45.5
60 16.5 17.5 26.5 31.5 35.5
65 12.5 12.5 21.5 26.5 30.5
70 9.5 11.5 17.5 22.5 26.5
75 3.5 8.5 12.5 17.5 21.5
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decisions arrived from collaboration between various medical specialists and strictly 
upon evidence-based medicine (EBM). The patient’s point of view plays a critical 
role here; it is essential for a successful treatment, as well as occupying a critical 
role in the management of treatment. It has been shown that, in the elderly patient, 
an accurate information and an active participation in the diagnostic and therapeutic 
process allow for an increased success and an improved quality of life [12]. 
Moreover, the Breast Unit plays an important role in facilitating specific diagnosis/
treatment planning, as well as reducing surgery waiting time.

In old age, the increased risk of postoperative complications, as well as frequent 
functional and cognitive decline, requires a greater level of attention in the periop-
erative period. This higher level of clinical attention can only be guaranteed in geri-
atric surgical centers. Here surgeons, anesthetists, and nurses will be aware of the 
specificities and the management of the complexities of aging. This mix of Breast 
Units and geriatric surgery centers together carries out outpatient diagnosis, admis-
sion to hospital, preparation for surgery, and perioperative care, as well as early 
rehabilitation and follow-up. To this end, the Italian Society of Geriatric Surgery 
together with the Italian Chapter of the American College of Surgeons (ACS) has 
contextualized the guidelines of the ACS and AGS (Geriatric Healthcare 
Professionals) to the Italian health system [25].

Multidisciplinary geriatric assessment, already started in the outpatient phase, 
serves to clarify the course of treatment, the risks associated with surgery, and the 
acquisition of consent to treatment by the patient and her family entourage, espe-
cially important in women with reduced decision-making capacities. Frequent home 
polypharmacotherapy represents a critical point typical of old age, due to potential 
interactions with anesthetic drugs. For this reason, recognition and reconciliation of 
drug therapy are essential, as recommended by health-care organizations.

In the elderly, the most serious postoperative complication is delirium, caused by 
prolonged hospital stay. It is responsible for functional decline, higher rate of insti-
tutionalization in residential age care centers, as well as higher mortality rates. The 
delirium rate is reduced by short postoperative hospital stay in designated facilities 
of day/week surgery, as well as postoperative setup monitoring in order to ensure 
optimal and early treatment of delirium.

7.6  Role of Preoperative Evaluation

In geriatric patients, it is crucial to undertake a global assessment of health status, 
through a multidimensional approach aimed at identifying their comorbidities and 
functional status, cognitive, psychological, and nutritional, to choose the best treat-
ment strategy. The main comorbidities responsible for reduced survival rates are as 
follows: diabetes, kidney and/or liver failure, stroke, previous diagnosis of cancer, 
and cigarette smoking. It has been shown that in the age group between 65 and 
74 years, there are on average three comorbidities, but in the age group between 75 
and 84 years, there are on average four comorbidities, and in ≥85 years there are 
five comorbidities [26].
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Geriatric assessment is especially important in frail patients, for whom it is nec-
essary to implement measures aimed at maintaining functional status. In addition to 
identifying any comorbidities present, multidimensional geriatric evaluation allows 
us to highlight any psychophysical limitations, the presence or absence of social 
support, as well allowing for the stabilization of risk factors, thus improving com-
pliance, tolerability to treatment, and quality of life [1, 27]. Global evaluation, using 
validated scales, allows for the creation of a socio-targeted health intervention plan 
for each individual patient.

The most frequently used tool for the evaluation of geriatric patient as global 
assessment is the Comprehensive Geriatric Assessment (CGA), which has a system-
atic approach aimed at evaluation of multiple aspects: autonomy level, presence or 
absence of comorbidities, nutritional status, pharmacotherapy, cognitive function, 
and emotional state [28]. The use of the CGA allows for the categorization of elderly 
patients into three profiles: fit, vulnerable, and frail (Table 7.2) [29]. In common 
clinical practice, this assessment is not yet included as a routine test since in the 
literature concerned there is still no sufficient evidence to consider CGA as a man-
datory practice in the management of older women with breast cancer [30]. In geri-
atric surgical centers involved with the routine use of the CGA, it allows for 
identification of the most appropriate plan for the specific conditions of individual 
elderly patients (“made to measure” surgery) [31].

7.7  Therapeutic Strategy

In the past, breast cancer surgery required a more aggressive approach (mastectomy 
sec. Halsted) to obtain a maximum loco-regional disease control (Fig. 7.1). On the 
other hand, in the 1980s, Fisher suggested that breast cancer is a systemic disease, 
requiring less extensive surgery than that associated with improved systemic control 
by means of chemoradiotherapy [32].

Table 7.2 Categories of aging

Patients Characteristics
Fit Absence of functional dependence

No significant comorbidities
Vulnerable Presence of one or more aspects on the IADL scale

Stable comorbidities (e.g., stable angina, chronic renal insufficiency, etc.)
Frail Presence of one or more of the following aspects

Dependence on one or more of the ADL aspects
Three or more comorbidities or one uncompensated comorbidity
One or more geriatric syndromes (depression, dementia, deliriuma, fallsb, poor 
personal care, inability to put on weightc, urinary and/or fecal incontinenced, 
osteoporosise)

IADL instrumental activity of daily living; ADL activity of daily living
aSevere episodes, possibly evidenced by neurologist or psychiatrist
bAt least three times a month, particularly in well-known environments, such as the home
cBody mass index minor or equal to 20
dIrreversible and nonassociated to cancer or radiotherapy/surgical treatment
eDisabilities associated with pathological fractures
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Over the years, the management of breast cancer in older women used to be very 
heterogeneous: ranging from radical mastectomy to hormone therapy alone. During 
this period, various surgical techniques have been proposed: ranging from mastec-
tomy with axillary dissection to simple mastectomy or wide lumpectomy. These 
changes of treatment options were supported by an alleged minor surgical risk than 
radical mastectomy, even if the failure to perform a complete axillary lymphadenec-
tomy did not allow an adequate nodal oncological staging [33]. Hormone therapy, 
especially in women with closely related concomitant conditions of reduced life 
expectation, was proposed as a wise alternative to surgery.

The absence of a standardized procedure was the result of the lack of scientific 
evidence from clinical studies. Subsequently the execution of well-organized scien-
tific studies has allowed the development of guidelines based on evidence-based 
medicine. In fact, in 2007 the guidelines produced by the multidisciplinary task force 
of the SIOG, subsequently updated in 2012 by SIOG and EUSOMA, suggest that 
women from 70 years onwards with the absence of significant comorbidities should 
receive the same surgical treatment as offered to younger patients [6]. Currently, the 
standard of care is represented by BCS followed by radiation therapy (statement by 
SIOG and EUSOMA 2012). Mastectomy is advised only in the following selected 
cases: large or multifocal tumors, which cannot be treated by BCS alone, patients 
who cannot undergo postoperative radiotherapy, as well as for patients who prefer 
such intervention rather than BCS (statement by SIOG and EUSOMA 2012) [6].

7.7.1  Surgical Management

Even in older women, the recommended surgical choice is BCS. As reported by 
Umberto Veronesi, surgical senology has progressed “from the maximum tolerable 
to the minimum effective treatment” [34].
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Fig. 7.1 Surgical history of treatment of breast cancer in older women
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BCS is followed up by radiotherapy on what remains of the breast, in order to 
reduce the incidence of loco-regional recurrence. This therapeutic approach is rec-
ommended in DCIS (ductal carcinoma in situ), except in the presence of absolute 
contraindications (previous irradiation of the breast region, multifocal DCIS, micro-
calcifications of suspicious malignancy nature, as well as mastitis carcinomatosa) or 
related contraindications (difficulty in obtaining good aesthetic results, poor tumor/
breast volume ratio, patient refusal to undertake the quadrantectomy associated with 
radiotherapy) (AIOM 2016 guidelines) [7]. In such cases, mastectomy is carried out 
with subsequent breast reconstruction wherever this option is possible [35].

Currently, the opinion that old age does not bring about higher surgical risk is 
shared by all. Thanks to advances in anesthetic techniques with local anesthesia, it 
is possible to carry out a wide range of breast surgical techniques, including simple 
mastectomy. This represents an undoubted benefit for women with a high rate of 
comorbidities. In 2012, Kaur published a retrospective observational study of 1028 
patients aged up to 70 years versus 4207 younger patients; the 30 and 90 postopera-
tive day mortalities were similar in the two groups, respectively, 0.2% in the elderly 
group versus 0 among younger patients and 0.9% in the elderly group versus 0.05% 
among younger patients [36].

7.7.2  Reconstructive and Oncoplastic Surgery

NICE guidelines highlight the lack of studies in oncoplastic and reconstructive sur-
gery, which reflects an underutilization of these techniques in geriatric patients. In 
the literature concerned, few studies report the long-term follow-up of breast recon-
struction with the use of prosthesis or with autologous techniques [37]. Since the 
percentage of cases in which breast reconstruction is offered decreases with age, 
similarly, it reduces the rate of acceptance by the patients [35]. In fact, breast recon-
structive surgery performed in the elderly is not burdened by increased mortality. In 
women aged less than 65 years, Lipa et al. reported a 10-year survival rate of 91% 
for those who had undergone reconstruction with implants and 88% for those who 
had undergone the TRAM procedure [38].

These benefits are also reported in the National Health Service (NHS) guidelines. 
Women who accept reconstruction are generally satisfied with their treatment and affirm 
an improved quality of life [35]. James, despite the small number of patients enrolled, 
feels autologous techniques are safer, in spite of an increased invasiveness and a longer 
operative time [35]. On the other hand, Selber suggests reconstruction with prosthetic 
implants to shorten operative time, despite the risk of a higher frequency of postopera-
tive complications [39]. It is recommended that autologous reconstruction should be 
considered an option only in women with an acceptable risk profile.

NICE guidelines reaffirm that, at the time of the strategy proposal, a therapeutic 
strategy for older women should not be discriminatory on the basis of chronological 
age alone. Each woman should receive the most appropriate treatment for her medi-
cal condition and comorbidities, over and above the preconception that a woman in 
geriatric age has a different perception of her aging body (Table 7.3).
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In this regard, the UK All-Parliamentary Group on Breast Cancer published the 
recommendations from its inquiry into breast cancer in older woman and recom-
mends nondiscrimination on the basis of age. To ensure greater compliance of the 
elderly woman to the therapeutic process, it is essential that at the time of diagnosis 
and during the briefing, the possibility of breast reconstruction should also be pro-
posed. James, according to his experience and a systematic review of the literature, 
believes that breast plastic remodeling (oncoplastic) could be considered a viable 
alternative to mastectomy. In geriatric patients, the oncoplastic option is considered 
to be a safe procedure and does not determine a greater surgical risk. The incidence 
of postoperative complications, length of hospital stay, and recovery time do not 
differ between the different age groups.

The oncoplastic procedure also presents several advantages:

 – Wider local breast excision, since it allows a greater probability of obtaining 
margins free of cancer cells, with a consequent reduction in the number of reop-
erations for loco-regional recurrence

 – Better cosmetic results since the breast of older women has an increased propor-
tion of fat tissue [35]

In conclusion, oncoplastic and reconstructive breast surgical techniques are con-
sidered safe even for elderly women.

7.7.3  Axillary Lymphadenectomy

In the past, axillary lymphadenectomy, performed with double diagnostic and 
therapeutic targets, represented the gold standard to obtain a more complete stag-
ing and oncological radicality, ensuring an improved prognosis. Subsequent stud-
ies showed that this surgical approach was excessive in both younger and older 
groups. The Fisher study (NSABP B-04), carried out on patients of all ages, with-
out clinical lymph node involvement, did not show statistically significant differ-
ences between radical mastectomy versus simple mastectomy with or without 
radiotherapy [32]. Similar results, in a retrospective study of 671 patients aged 
≥70  years with operable breast cancer and clinically negative axillary lymph 
nodes, were reported by Martelli; he detected no significant differences in mortal-
ity during a follow-up of 15 years between the two groups: axillary dissection 
versus tamoxifen alone [40].

Table 7.3 Offer of breast reconstruction. Acceptance percentage by patients

Age (years) Offered reconstruction (%) Accepted reconstruction (%)
<40 60 43
50 60 35
60 53 20
70 45 8
80 18 2
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NICE guidelines recommended that patients with invasive breast cancer, without 
lymph node involvement on ultrasound or negative lymph node biopsy, should 
undergo axillary sentinel node biopsy, correlated to lower morbidity than the com-
plete axillary dissection as well as avoiding upper arm lymphedema [41]. Thus, the 
introduction in common clinical practice of sentinel node biopsy has completely 
revolutionized axillary management.

The SIOG/EUSOMA guidelines recommended axillary dissection alone for 
elderly patients with clinically positive or highly suspected nodes; in such patients, 
sentinel node biopsy should avoid an unnecessary axillary dissection [1, 6].

7.7.4  Radiotherapy after Breast-Conserving Surgery

The role of radiotherapy after breast-conserving surgery in elderly patients is highly 
controversial.

The CALGB 9343 study was conducted on women aged ≥70  years with 
ER-positive tumors CT1 CN0 (clinical stage I), undergoing BCS and subsequently 
randomized for treatment with radiotherapy (WBRT) + tamoxifen versus tamoxifen 
alone. This RCT showed only an 8% reduction in the loco-regional recurrence rate 
at 10-year follow-up in-group undergoing radiotherapy, without reduction of the 
risk of distant metastasis and/or cancer-related mortality [42].

These results seem at odds with other studies, which showed better overall sur-
vival rates in radiotherapy groups [1]. Also the Veronesi RCT, which compared 
quadrantectomy alone with quadrantectomy  +  radiotherapy, shows lower local 
recurrence rates in over 55-year-old women than in younger patients not undergoing 
radiation therapy [43]. Furthermore, the first 248 study has reported that in elderly 
patients undergoing hormone therapy after BCS treatment for low-grade tumors and 
hormone receptor-positive and receptor-negative axillary lymph nodes, there is a 
low recurrence rate [44].

For these reasons, the omission of postoperative radiotherapy may be considered 
a viable treatment option in elderly women, undergoing BCS (clinical nodes nega-
tive, ER positive), who are receiving adjuvant hormonal therapy. In this regard, the 
British Association (BASO) suggested that tamoxifen probably has the same effec-
tiveness as radiation therapy in reducing local recurrence among low-risk women 
undergoing BCS [45].

7.7.5  Hormonotherapy

In the older woman, hormone therapy alone, due to frequent association with more 
closely related comorbidities, represents a viable alternative to surgery.

The data resulting from the GRETA study [46] and by the study of Gazet [47] 
have shown that surgery followed by tamoxifen presents a higher disease-free sur-
vival (DFS) rate even though it does not change the overall survival rate. A system-
atic review and meta-analysis (Cochrane review) confirmed that surgical treatment 
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with or without tamoxifen is superior to tamoxifen alone in terms of overall survival 
(OS), progression-free survival (PFS), and local recurrence [48].

Since the DFS and the quality of life are the main end points of breast cancer 
treatment of elderly patients, an endocrine treatment with tamoxifen or aromatase 
inhibitors can still be considered for older women with ER-positive tumors and poor 
general condition or those who refuse surgery.

 Conclusion

Current opinion shared by the international scientific community (SIOG and 
EUSOMA) is that the surgical approach to breast cancer in elderly woman should 
always have the same radical oncological aim, regardless of the chronological 
age of the patient concerned.

The prevalence of any comorbidities, associated with the aging process, can 
have a negative impact on major surgical postoperative outcomes, such as 30-day 
postoperative morbidity and mortality, as well as the length of hospital stay.

For this reason, in order to identify the most appropriate management, an 
accurate multidimensional evaluation of the health status and life expectancy of 
the patient is essential from a clinical point of view, in order to avoid undertreat-
ment of breast cancer, which could lead to disease recurrence and death [49].

As a result, treatment should be individualized for each elderly woman in 
order to perform a “tailored surgery” [31]. BCS is the gold standard of care. 
Hormone therapy alone should be reserved only for patients with severe comor-
bidities, the “frail” for surgery, or for those who refuse surgery (Fig. 7.2).
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8.1  Introduction

Elderly patients can be affected by a wide spectrum of benign and malignant adre-
nal diseases which can be referred to surgery. They include endocrine disorders 
which are often the cause of secondary hypertension such as primary aldosteronism 
(PA) in Conn disease, hypercortisolism in Cushing’s syndrome (CS) both sustained 
by adenomas and hyperplasia, pheochromocytoma (PH), and paragangliomas (PG). 
Similarly, adrenocortical carcinomas (ACC) and adrenal metastases are usually 
considered for surgical resection. Adrenal nodules are seen in 9% of the human 
population, and most of them are incidentally detected during abdominal imaging 
for other conditions and are defined as incidentalomas. Most of these incidentally 
detected lesions are benign especially if the patient does not have any endocrine 
abnormality or malignancy [1].

8.2  Secondary Hypertension

In the United States, one in three adults has hypertension. When no clear etiology 
has been detected, the hypertension is classified as essential [2]. However, 5–10% 
of patients present with secondary hypertension, in which an underlying, potentially 
correctable etiology can be identified. The prevalence of secondary hypertension 
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and the most common etiologies vary by age group [3, 4]. In patients with recent 
diagnosis of hypertension, specific symptoms (e.g., flushing and sweating observed 
in PH or tachycardia, cold/heat intolerance, diarrhea in hyperthyroidism), clinical 
findings (e.g., an abdominal murmur suggestive of renal artery stenosis), or labora-
tory findings (e.g., hypokalemia suggestive of PA) might require further investiga-
tion on the suspicion of a secondary etiology. Secondary hypertension should also 
be considered in patients with resistant hypertension and early or late onset of 
hypertension. In young adults, particularly women, renal artery stenosis caused by 
fibromuscular dysplasia is one of the most common secondary etiologies. In middle- 
aged adults, PA is the most common secondary cause of hypertension [5]. However, 
in older adults over 65 years, the most frequent etiologies for secondary hyperten-
sion are atherosclerotic renal artery stenosis, renal failure, and thyroid disorders. 
Renal artery stenosis should be suspected in patients who develop hypertension 
after 50  years of age, present with atherosclerotic lesions in other districts and 
meanwhile present with unexplained renal insufficiency, or have a rapid deteriora-
tion in kidney function (i.e., an increase in the serum creatinine level of at least 
0.5–1 mg per dL) when started on an angiotensin-converting enzyme inhibitor or 
angiotensin receptor blocker [6]. Revascularization with surgical or endovascular 
procedure is not required for all patients since the medical management is as effec-
tive as revascularization in high-risk patients [7]. Renal failure and hypertension are 
closely related since the latter can be a major cause of renal parenchymal damage, 
particularly in older adults, which in turn leads to worsening hypertension. 
Hypothyroidism can affect mostly the diastolic blood pressure causing an elevation 
of its value, whereas hyperthyroidism can cause an isolated elevation of systolic 
blood pressure; there is actually an increased incidence of hypothyroidism with age, 
peaking in patients over 60 years. Hyperthyroidism is significantly associated with 
elevated blood pressures in 20–50-year-olds [8, 9].

8.3  Adrenal Secondary Hypertension and Endocrine 
Adrenal Syndrome in Elderly Patients

Adrenal endocrine disorders usually represent a cause of secondary hypertension 
with low frequency in patients over 65 years, whereas they show a peak of incidence 
in middle-aged adults (40–64 years of age).

8.3.1  Primary Aldosteronism (PA)

PA, also referred to as hyperaldosteronism, is actually a group of conditions, includ-
ing aldosterone-producing adenomas and bilateral idiopathic hyperaldosteronism. 
A severe hypokalemia not related to medication intake should lead to the suspicion 
of PA, although this abnormality occurs in only 30% of patients. In PA, aldosterone 
production is inappropriately high, relatively autonomous from the renin- angiotensin 
system and non-suppressible by sodium loading. This adrenal dysfunction causes 
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cardiovascular damage, suppression of plasma renin, hypertension, sodium reten-
tion, and potassium excretion that in the chronic evolution might be associated with 
significant hypokalemia [10]. PA was once considered to be rare, but with cross- 
sectional and prospective studies, the incidence among patients with hypertension 
was found to be approximately 10% [11–14]. PA affects 10–20% of patients with 
resistant hypertension, making it the most common cause of secondary hyperten-
sion in this subgroup [15]. The initial recommended test to detect PA is measure-
ment of the aldosterone/renin ratio (ARR) which is the most sensitive investigation, 
although approximately 25% of affected patients present normal aldosterone levels 
[16]. Current indications to investigate PA in patients with hypertension are consid-
ered according to the stages defined by the Joint National Commission, specifically 
stage 2 (>160–179/100–109 mm Hg), stage 3 (>180/110 mm Hg), or drug-resistant 
hypertension; hypertension and spontaneous or diuretic-induced hypokalemia; 
hypertension with adrenal incidentaloma; or hypertension and a family history of 
early-onset hypertension or cerebrovascular accident at a young age (<40 year). All 
patients with PA should undergo an adrenal computed tomography (CT) scan as the 
initial study which in the meantime can exclude large masses that may be a suspi-
cion of adrenocortical carcinoma. It is recommend that, when surgical treatment is 
practicable, the distinction between unilateral and bilateral adrenal disease is 
obtained by adrenal venous sampling (AVS) [17]. The CT findings on adrenal 
glands may detect normal-appearing adrenals, unilateral macroadenoma (>1 cm), 
minimal unilateral adrenal limb thickening, unilateral microadenomas (<1 cm), or 
bilateral macro- or microadenomas. Adenomas may be visualized as small 
hypodense nodules (usually <2  cm in diameter) on CT.  Aldosterone-producing 
ACC are usually larger than 4 cm in diameter, but occasionally smaller, and like 
most ACC present suspicious features on CT [18]. Adrenal CT has several limita-
tions. Unilateral adrenal hyperplasia and microadenomas are more challenging in 
CT examination which makes it difficult to differentiate unilateral from bilateral 
forms of PA [17]. For this reason, AVS is essential for a correct diagnosis of local-
ization and therefore for a correct surgical plan in patients with PA candidate to 
adrenalectomy. The sensitivity and specificity of AVS (95 and 100%, respectively) 
for detecting unilateral aldosterone excess are superior to that of adrenal CT (78 and 
75%, respectively) [19]. In this scenario the use of magnetic resonance imaging 
(MRI) has no advantage [17]. According to the guidelines of the American Endocrine 
Society [17], unilateral laparoscopic adrenalectomy must be offered to patients with 
documented unilateral PA. Therefore, lateralization of PA is of paramount impor-
tance to plan the surgical treatment. Surgery following correct localization results in 
normalization of hypokalemia in all, improvement of hypertension in all, and com-
plete cure in 30–60%. Postoperative plasma aldosterone and renin activity levels are 
the biochemical markers of response to treatment. In bilateral hyperplasia, unilat-
eral or bilateral adrenalectomy seldom corrects the hypertension and medical ther-
apy is the treatment of choice. Unilateral disease may be treated medically if the 
patient declines or is at high risk for surgery. If a patient is not suitable or decline to 
undergo surgery, medical treatment with a mineralocorticoid receptor (MR) antago-
nist is recommended [17].
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8.3.1.1  Adrenal Veins Catheterization
The adrenal veins are catheterized through a percutaneous femoral vein approach, 
using during the procedure a nonionic contrast medium. AVS is obtained from both 
adrenal veins and from peripheral veins usually in the cubital fossa and assayed for 
aldosterone and cortisol concentrations. The venous sample from the left side typi-
cally is obtained with the catheter tip at the junction of the inferior phrenic and left 
adrenal vein. The right adrenal vein may be especially difficult to catheterize 
because it is short and enters the IVC at an acute angle. The cortisol concentrations 
from the adrenal veins and peripheral vein are used to confirm successful catheter-
ization. The adrenal/peripheral vein cortisol ratio is typically more than 10:1 with 
the continuous cosyntropin infusion protocol and more than 3:1 without the use of 
cosyntropin. With continuous cosyntropin administration, a cutoff of the cortisol- 
corrected aldosterone ratio from high side to low side of more than 4:1 is used to 
indicate unilateral aldosterone excess, and a ratio less than 3:1 is suggestive of bilat-
eral disease [19].

8.3.2  Cushing’s Syndrome (CS)

Increased production of cortisol by cortical adrenal adenoma represents a rare cause 
of secondary hypertension. A reliable estimate of the real incidence of CS is limited 
to two to five cases per 1 million persons per year, but the association of this condi-
tion with cardiovascular sequelae is significant since 80% or more of these patients 
will develop hypertension. The elderly are rarely affected [20]. The common causes 
of CS include cortisol-producing adrenal adenoma and ACTH-secreting pituitary 
adenoma defined as Cushing’s disease (CD) or ectopic ACTH secretion. Thus, dif-
ferential diagnostic testing and tumor localization studies are fundamental for a 
successful treatment. In the case of bilateral macronodular adrenal hyperplasia, the 
disease eventually affects both glands, although it may present initially as an asym-
metric unilateral nodule. Bilateral laparoscopic adrenalectomy is generally the sur-
gical treatment of choice, although in older patients some advocate selective removal 
of the larger adrenal gland. Given the low frequency of Cushing’s syndrome, testing 
should be done only if suggestive clinical features such as buffalo hump, central 
obesity, moon facies, and striae rubrae are detected at a clinical examination [5]. 
Options for initial testing include 24-h urinary free cortisol, low-dose dexametha-
sone suppression, or late-night salivary cortisol tests, although ultimately these 
patients should be referred to an endocrinologist for a complete evaluation. 
Unilateral resection is recommended for all cases of benign unilateral disease. 
Similarly, localizing and resecting ectopic ACTH-secreting tumors with node dis-
section as appropriate is recommended. As the optimal treatment for CD in pediatric 
and adult patients, transsphenoidal selective adenomectomy is suggested. In case of 
bilateral macronodular adrenal hyperplasia, surgical resection of bilateral adrenal 
disorders and medical therapy to block aberrant hormone receptors are the treat-
ment of choice. For occult or metastatic ectopic ACTH secretion or as a life- 
preserving emergency treatment in patients with very severe ACTH-dependent 
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disease who cannot be promptly controlled by medical therapy, again bilateral adre-
nalectomy is the best treatment option. As expected, patients with persistent or 
recurrent hypercortisolism continue to have higher than expected cardiovascular 
disease, venous thrombosis, and infections being primary causes of the excess mor-
tality. The treatment of CS and its comorbidities is important therefore to reduce 
mortality [21].

8.3.3  Pheochromocytoma (PH) and Paragangliomas (PG)

PH is a rare neuroendocrine disorder arising from adrenomedullary chromaffin cells 
that commonly produce one or more catecholamines, epinephrine, norepinephrine, 
and dopamine, and which is located in the adrenal gland in 85% of cases, whereas 
the PG present extra-adrenal location arising from the extra-adrenal chromaffin 
cells of the sympathetic paravertebral ganglia of thorax, abdomen, and pelvis. Most 
PHs represent sporadic tumors and about 35% of PHs are of familial origin. Sporadic 
PHs are usually unicentric and unilateral, while familial PHs are often multicentric 
and bilateral. PGs also arise from parasympathetic ganglia located along the glos-
sopharyngeal and vagal nerves in the neck and at the base of the skull; these are not 
catecholamine producing. This tumor presents a peak of incidence between the third 
and the sixth decades. Clinical symptoms and signs characteristic of patients pre-
senting with PH include headache, palpitations, anxiety, nervousness, abdominal/
chest pain, nausea, fatigue, dyspnea, dizziness, heat intolerance, visual symptoms, 
constipation, diarrhea, hypertension (sustained, paroxysmal) and orthostatic hypo-
tension, pallor, flushing, hyperglycemia, vomiting, and convulsion. Attacks of signs 
and symptoms may occur weekly, several times daily, or as infrequently as once 
every few months [22]. The main clinical manifestation of PH is arterial hyperten-
sion, which is the result of uncontrolled production of catecholamines. PH occurs in 
about 0.05–0.1% of patients with sustained hypertension. However, this probably 
accounts for only 50% of persons with PH, when taking into consideration that 
about half the patients with PH have only paroxysmal hypertension or present nor-
mal blood pressure. It must also be considered that the prevalence of sustained 
hypertension in the adult population of western countries is between 15 and 20%. 
PH must always be considered because if identified, it can be cured in about 90% 
cases, whereas if left untreated, the tumor is likely to be fatal due to catecholamine- 
induced malignant hypertension, heart failure, myocardial infarction, stroke, ven-
tricular arrhythmias, or metastatic disease following malignant transformation [5]. 
The surgical removal of the tumor, by adrenalectomy, can be challenging because of 
the hemodynamic instability during the procedure and in the postoperative stages. 
Development of the anesthesiologic technique and of the medical treatment before 
surgery significantly improved the outcome of patients operated on for a pheochro-
mocytoma significantly reducing the mortality rate which in recent series decreased 
to 0 from 2.9% [23]. In the presence of suggestive symptoms, the measurement of 
metanephrines in a 24-h urine sample or the measurement of plasma-free metaneph-
rines or urinary fractionated metanephrines represents the gold standard of 
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biochemical diagnosis [24]. After initial biochemical testing for diagnosis of PH 
and PG imaging studies are recommended to locate the tumor. CT rather than MRI 
is recommended as the first-choice imaging modality because of its excellent spatial 
resolution for the thorax, abdomen, and pelvis. MRI could be useful in patients with 
metastatic disease or for detection of skull base and neck paragangliomas, in the 
presence of an allergy to CT contrast, in childhood, or in pregnant women. The use 
of 123I-metaiodobenzylguanidine (MIBG) scintigraphy as a functional imaging 
modality is recommended in patients with metastatic disease detected by other 
imaging modalities when radiotherapy using 131I-MIBG is planned and occasionally 
in some patients with an increased risk of metastatic or recurrent disease. 123I-MIBG 
has better sensitivity than 131I-MIBG for detection of PH and PG, ranging, respec-
tively, between 85 and 88% and between 56 and 75% [25–27]. In metastatic patients 
the use of 18F-fluorodeoxyglucose (18FFDG) positron emission tomography 
(PET)/CT scanning is recommended over 123I-MIBG scintigraphy [28]. This crite-
rion is founded on the evidence that PH is either potentially associated with other 
endocrine diseases in the multiple endocrine neoplasms (MEN) type 2A and MEN 
type 2B or detected in familial syndromes (von Hippel-Lindau syndrome and neu-
rofibromatosis type 1). In these instances, the tumors are usually diagnosed in young 
adults. However, pheochromocytomas also affect children and the elderly, with spo-
radic cases being more common in older patients particularly those undergoing 
periodic routine checkup [29]. The number of elderly patients who undergo adre-
nalectomy for pheochromocytoma increased and concerns have arisen regarding 
the perioperative management of older individuals undergoing this surgery. The 
elderly are physically more fragile than younger adults, and this evidence implies 
specific issues in the perioperative management of these patients [30]. Current med-
ical preparation for surgery includes use of selective alpha-receptor blockers admin-
istered preoperatively in all patients. Fluid intake to reverse catecholamine-induced 
blood volume contraction preoperatively must be also considered in order to prevent 
severe hypotension after tumor removal [28]. Some recommendations can be 
adopted in the management of elderly patients including the use of short-acting 
selective alpha-blockers, the prevention of hydric and electrolyte disturbances, the 
containment of the risk of postoperative pulmonary embolism with anticoagulation 
regimens and earlier postoperative ambulation, and the reduction of postoperative 
pulmonary complications with intense pulmonary rehabilitation. Elderly patients 
show a significantly increased likelihood of receiving vasopressors postoperatively, 
compared to younger patients, and during recovery, older patients had a longer 
duration of intensive care unit stay and hospitalization with a higher rate of clinical 
postoperative complications (60 vs. 18%) compared to younger individuals [29]. 
The incidence of metastatic PH ranges from 3 to 36% or even higher, depending on 
the genetic background and location of the primary tumor. Location of metastatic 
lesions appears to affect patient’s survival. Short-term survival is usually observed 
in patients with metastatic lesions in the liver and lungs, whereas better outcome is 
described for bone metastases. Less than 40% of patients with metastatic PH 
respond to chemotherapy or 131I-MIBG which is the most effective treatment after 
surgery. Tumor size reduction ameliorates symptoms, but a survival advantage of 
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debulking surgery has not been established although it is useful for the therapeutic 
results following radiotherapy or chemotherapy. Generally PGs are sporadic and 
solitary with almost equal distribution by sex with a maximum frequency in the 
middle age. Genetic susceptibility occurs in MEN type 2A and 2B syndromes, neu-
rofibromatosis type 1, and von Hippel-Lindau syndrome, and mutations of the suc-
cinate dehydrogenase family (SDHB, SDHC, and SDHD) have been associated, 
with much higher frequency with PH and PG [31]. The surgical treatment includes 
radical removal associated or not with adrenalectomy, in the case of concomitant 
adrenal disease or because of proximity, and it includes the open transperitoneal 
approach which is specifically recommended when the tumor is large, there is sus-
picion of malignancy, or when multiple sites are evident at preoperative investiga-
tion by CT scan and scintigraphy. Wider surgical field, safer control of vascular 
structures, and easier access to bilateral retroperitoneal tumors are specific advan-
tage of the open approach. Laparoscopic, transperitoneal, anterior, or lateral and 
retroperitoneoscopic are described and proposed as alternative techniques in center 
with high volume and specific expertise. Both in open and in minimally invasive 
surgery, intraoperative ultrasound or gamma probe might be used in the case of dif-
ficult localization or multiple lesions [32, 33].

8.4  Adrenocortical Carcinoma (ACC)

ACC is a rare malignant disease presenting an annual incidence between 0.5 and 2 
cases per million people with a female-to-male ratio of 1.2–1.5:1. It typically 
occurs during middle age, the usual presentation of ACC being in the fifth to sixth 
decade of life, but onset can also occur in older patients. The clinical presentation 
is different depending on the endocrine activity of the tumor, varying from hor-
monal symptoms to a specific symptoms as abdominal pain and fatigue or to mass 
or infiltrative effect with poor clinical status in the case of nonfunctioning meta-
static carcinoma at the time of presentation with the most common sites of distant 
metastasis being, in decreasing frequency, the liver, lungs, and bone. In functioning 
ACC cortisol or its precursor is mostly produced but also elevation of catechol-
amines and aldosterone with hyperaldosteronism can be observed. Very often ACC 
is discovered as an adrenal incidentaloma during contrast-enhanced CT being the 
most sensitive imaging which usually reveals a large, often more than 5 cm, tumor 
in one of the adrenal glands [34]. A cutoff of 4 cm has a sensitivity of 93% for 
identifying adrenal carcinoma, and although it is a conservative size cutoff, it 
should be used due to the aggressive nature of ACC and the importance of early 
diagnosis. Tumor extension into the vena cava with a tumor thrombus is seen in a 
proportion of tumors, particularly in right-sided tumors, and is indicative of malig-
nancy [35]. Biopsy of adrenal masses has a low diagnostic accuracy and may pro-
mote needle track seeding. Therefore, biopsy in patients scheduled for surgery is 
not recommended and unnecessarily delays the treatment [36]. Radical surgery 
which is possible in a few cases is considered the treatment of choice in resectable 
ACC.  In functioning or locally advanced tumor, surgery of primary tumor with 
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debulking purpose is considered as an option to achieve better symptom control 
even in metastatic patients. Repeated surgery in recurrent tumors is also considered 
[34]. Mitotane and streptozotocin are the most used drugs for chemotherapy 
although a combination with etoposide, doxorubicin, and cisplatin on top of mito-
tane has been proposed as a first-line therapy following the results of a large pro-
spective randomized controlled trial [37]. Radiotherapy is also associated in 
advanced disease [38]. Adrenalectomy is the only possible cure in ACC, and the 
overall survival varies significantly according to stage and R1-2 resection at pri-
mary surgery. Radical R0 adrenalectomy instead achieves significantly better prog-
nosis with survival of decades after surgery. As in previous experience, age did not 
have a great impact on survival and therefore also elderly patients can be cured 
with radical surgery in non-advanced stages [34]. Prognosis is usually affected by 
local recurrence and the more sensitive prognostic factors after repeated surgery 
were time to first recurrence and radical surgery [39]. Histopathological diagnosis 
of ACC is based on specific parameters, and among them the classical Weiss score 
considers the observation of at least three of the nine criteria (grade 3 or 4 nuclear 
grade with enlarged, oval to lobulated nuclei with coarsely granular to hyperchro-
matic chromatin and easily discernible, prominent nucleoli; mitotic grade > 5/50 
HPFs; atypical mitoses; clear cells comprising 25% or less of the tumor; diffuse 
architecture greater than one third of the tumor; necrosis; invasion of venous struc-
tures; invasion of sinusoidal structures; invasion of the tumor capsule) [40, 41] or 
in a modified revision only five of them (mitotic grade; percent of clear cells com-
prising the tumor; abnormal mitoses; necrosis; capsular invasion) [42]. The 
European Network for the Study of Adrenal Tumors staging system defines stage 
I, ACC ≤5 cm in the largest diameter and confined to the adrenal gland; stage II, 
ACC >5 cm without extra-adrenal invasion; stage III, presence of positive lymph 
nodes, infiltration to the surrounding tissue, or vascular tumor extension; and stage 
IV, distant metastasis. This staging system was considered prognostically superior 
to the International Union Against Cancer staging system [43].

8.5  Metastases

The adrenal gland is the fourth most common organ to be involved by metastases 
after the lung, liver, and bone. Metastases to adrenal glands usually originate from 
malignancies of the gastrointestinal district, lung, breast, prostate, kidney, liver, 
and melanoma. Carcinoma is the histological type mostly represented. Isolated 
metastases to adrenal glands are rare, being adrenal secondarism usually associ-
ated with multiple organ metastases. Adrenal metastases appear as soft tissue 
lesions on CT either replacing the gland or as its diffuse enlargement. Typically 
adrenal metastases show significant attenuation on unenhanced CT and do not 
produce signal drop on opposed phase images on MRI. These criteria show a high 
degree of sensitivity and specificity to permit a diagnostic differentiation from 
adenomas. Furthermore FDG- PET CT can increase accuracy since usually metas-
tases are hypermetabolic compared to adenomas. Progressive increase in size at 
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short-term follow-up of an indeterminate lesion in a cancer patient is suggestive 
of metastatic secondarism [44]. The management of adrenal metastases includes 
surgery, local ablative treatments, radiotherapy, chemotherapy, and palliative 
treatment. The strategy depends on the different clinical situations, tumor type, 
stage, synchronous metastases in other organs, and local features of the adrenal 
secondarism. Surgery presents a specific indication in selected patients with iso-
lated adrenal metastases, and in this setting, a survival benefit after resection has 
been shown [45]. Laparoscopic adrenalectomy has been shown to improve 
patients’ morbidity and to reduce hospitalization with equivalent oncological out-
come compared to the open resection technique for ACC and also for adrenal 
metastases. It must be considered as the first option approach to adrenal metasta-
ses but still has clear contraindications in larger lesions with a 6 cm cutoff [46, 
47]. Radiotherapy has been used with palliative intent with good response rates 
reported and limited toxicity, especially in terms of pain relief. Other therapeutic 
options include radiofrequency ablation, microwave ablation, and stereotactic 
body radiation therapy [48].

8.6  Incidentaloma

The current prevalence of unsuspected adrenal masses is approximately 3–4% in 
abdominal CT scan series. This rate is probably underestimated because adrenal 
adenomas were found in up to 10% of patients who died without any premortem 
suspicion of adrenal disease. Incidentaloma is slightly more frequent in women [49, 
50]. While the incidence of incidentalomas increases with age, it can be seen across 
all age groups with high incidence in fifth and sixth decades [35]. Although an inci-
dentaloma is nearly always benign with nonfunctioning adenomas being the most 
common tumors [51], usually malignant adrenal incidentalomas are metastatic in 
origin [52]. Therefore, accurate diagnosis of malignant adrenocortical tumors, par-
ticularly distinguishing ACC from adrenal adenomas, is essential for the manage-
ment, but correct diagnosis is challenging. Size and heterogeneity remain the most 
predictive features of malignancy, as more than 4 cm in size and presence of hemor-
rhage, necrosis, heterogeneous contrast enhancement, and lack of contrast washout 
favor malignancy. Currently adrenal incidentalomas are considered to be the most 
common adrenal lesion; increased detection has been attributed to the increased 
availability of CT and improvements in CT technology enabling detection of even 
small adrenal lesions. Adrenal incidentalomas are adrenal lesions greater than 1 cm 
in size detected incidentally on imaging, most commonly CT and occasionally on 
ultrasound, MRI, or PET-CT. Unenhanced CT is recommended as the initial test 
with the use of an attenuation value of 10 Hounsfield units to differentiate between 
adenomas and non-adenomas [51]. Seemingly, nonfunctioning adenomas are usu-
ally asymptomatic, but indeed they may present minimal secretory activity which 
may cause subclinical forms of Cushing’s syndrome, catecholamine excess, hyper-
aldosteronism, or hyperandrogenism. As shown in a large Italian series, often the 
discovery of an adrenal incidentaloma may lead to the detection of a remarkable 
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number of subclinical hormone-producing tumors and could result in an early cure 
of clinically silent hypercortisolism, silent catecholamine hypersecretion, and rarely 
unsuspected hyperaldosteronism. Although patients with Cushing’s syndrome have 
clearly established complications, the morbidity of patients with subclinical disease 
is less clear, and controversy exists around the risk of progression from subclinical 
to overt hypercortisolism, but subclinical forms might also be associated with 
increased risk for hypertension, diabetes, obesity, or osteoporosis. An early diagno-
sis of pheochromocytoma, by determination of urinary catecholamines in all adre-
nal masses, is important to avoid future hypertensive complications and an eventual 
perioperative mortality, which is possible in medically untreated patients with 
unrecognized pheochromocytoma before surgery. Not all patients with silent hyper-
aldosteronism had slightly decreased potassium levels, but they might have hyper-
tension and suppressed upright PRA levels [35, 53]. After prevalent nonfunctioning 
adenomas, other benign masses like cysts, myelolipoma, and hemorrhage also have 
characteristic imaging features and can be differentiated from the other conditions. 
However, in a patient with a known underlying malignancy, the probability of inci-
dentaloma being malignant substantially increases, and 50–70% of adrenal masses 
are likely to be metastases [30, 54].

A myelolipoma is an uncommon benign lesion composed of mature fat inter-
spersed with marrow-like hematopoietic tissue. It occurs with a prevalence of 0.08–
0.2% and it is usually unilateral and asymptomatic. The size varies from 2 to more 
than 10 cm, and attenuation depends on the amount of fat with the presence of cal-
cification. On ultrasound myelolipoma is visualized as heterogeneously hyper-
echoic lesion owing to the presence of variable amounts of fatty and myeloid 
component. CT remains the diagnostic modality of choice which depicts the pres-
ence of fat as low-attenuation areas. The areas of fat are hyperintense on T1- and 
T2-weighted images on MRI with loss of signal on fat-suppressed sequences. 
Lipoma and angiomyolipoma are other fat-containing lesions which must be con-
sidered for differential diagnosis [55].

Adrenal cysts are incidentally detected lesions and are usually asymptomatic. 
Ultrasound shows a well-defined lesion with anechoic contents in uncomplicated 
cysts, and CT demonstrates the exact nature and extent of the lesion. They may 
appear hyperdense in the case of hemorrhage or infection within and show no 
enhancement on post contrast scan [56].

Adrenal hemorrhage is usually encountered in patients with blunt abdominal 
trauma where it affects the right adrenal more than the left. Attenuation on CT 
depends on the stage of hemorrhage, higher attenuation in the acute stage becoming 
isodense to hypodense as the clot liquefies and may calcify in the chronic stage [56]. 
The final diagnosis is most frequently inferred from stability of the adrenal mass 
over variable periods of observation (at least 6 months). Adrenal incidentaloma is 
not a uniform disease, and its natural history varies depending on the pathological 
classification of the adrenal mass. It is obvious that primary malignant adrenal 
tumors, and pheochromocytomas, can significantly affect patients’ health and 
patients’ outcome, and which can be greatly improved by prompt adrenalectomy. 
Adrenalectomy is usually recommended to all patients with subclinical CS or PH 
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and to all patients without endocrine activity but with mass size >4 cm or a size 
increasing by >1 cm during the follow-up [53].

8.7  Adrenalectomy in Elderly Patients: Indications 
and Surgical Technique

In recent years the diagnosis of neoplasms in the elderly has increased because of 
the rise in life expectancy and the implementation of routine screening exams [30]. 
Elderly patients are physically fragile due to their attenuated systemic response to 
surgical stress and the frequent presence of comorbidities. In the elderly the surgery 
of adrenal glands had been shown to be feasible, but the surgical outcomes may be 
worse due to the fact that these patients are more prone to postoperative complica-
tions and have a slower recovery. It is important to consider that in nonspecialist 
centers, surgeons may be hesitant to perform surgery in elderly patients because of 
their higher risk of perioperative complications (due to a reduced breathing capac-
ity, renal function, and resting cardiac output) and death [54, 55] and that this kind 
of surgery in such fragile patients requires maximum effort, focusing on strict con-
trol of comorbidities and complete preoperative care in order to facilitate a quicker 
surgical recovery with fewer complications.

In the elderly the clinical features of surgical diseases of the adrenal glands do 
not basically differ from those found in younger patient [56].

The history of adrenal surgery is long-standing. In 1914 the first planned adrenal-
ectomy was performed by Perry Sargent [57]; meanwhile, the first flank approach 
for pheochromocytoma was performed by Dr. Charles Mayo in 1927. In 1992, 
instead, Michael Gagner performed the first laparoscopic procedure of the adrenal 
gland [58] and since then there has been a radical change in the management of 
adrenal tumors.

With the introduction of laparoscopic adrenalectomy, there was a reduction of 
the length of hospital stay, healthcare cost, wound complications, and blood loss 
and an improvement in the patient’s outcome [59–61]; in fact, currently the laparo-
scopic approach is considered the “gold standard” therapy for the majority of adre-
nal gland tumors.

Different studies [29, 56, 62] have demonstrated the feasibility and the safety of 
the laparoscopic approach in elderly patients even if this may be associated with 
postoperative complications or a more frequent open conversion rate [63].

8.8  Indications for Surgery

The indications for adrenalectomy concern the presence of a functional tumor asso-
ciated with hormone secretion (PA, CS, PH, and PG), the presence of a nonfunc-
tional tumor associated with a suspicion of malignancy or ACC [64], and the 
presence of adrenal metastases from primary lesions of the lung, kidney, and breast, 
melanoma, and the gastrointestinal tract and incidentalomas [65].
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8.9  Open Adrenalectomy

The open adrenalectomy has been for decades the only surgical approach to adrenal 
tumors; meanwhile currently it is generally performed in the presence of general con-
traindications to laparoscopy or in presence of large lesions (>12 cm in diameter) or 
malignant tumor with an invasion of the adjacent structures. Different accesses are 
possible in order to perform open adrenalectomy: transperitoneal approach (anterior, 
median, transverse, subcostal), extrapleural-extraperitoneal approach (lateral, pos-
terior), and transpleural-transdiaphragmatic approach (trans-thoraco-abdominal).

It is important to consider that all approaches that limit the access to the perito-
neal cavity decrease the rates of postoperative ileus, while the extraperitoneal 
approaches are associated with high rates of neuromuscular morbidity such as 
chronic pain (14%), laxity in flank muscles (30%), and flank numbness (10%) [66].

8.10  Laparoscopic Adrenalectomy

Different laparoscopic approaches have been described, such as the anterior 
approach (with patient in supine position), the lateral approach (with patient in lat-
eral position), and a retroperitoneoscopic approach (with patient in prone or lateral 
position) [67–70].

The most widely practiced approach is the lateral transabdominal one because it 
provides a good exposure of the adrenal gland and surrounding structures and pro-
vides the surgeon with the precise anatomic landmark together with a safe control 
of vascular structures [67, 68].

The anterior transabdominal adrenalectomy is less employed because the con-
ventional abdominal laparoscopic view of the abdomen leads to longer operatory 
times and greater number of ports used [71, 72].

The retroperitoneoscopic approaches, instead, allow a direct access to the adre-
nal glands avoiding the peritoneal cavity but have important limitations in tumor 
size and in longer operating times [73–76].

8.11  Selection of Patients

The “gold standard” treatment for adrenal tumors is laparoscopic adrenalectomy 
[77], and for this reason, all functional tumors including pheochromocytoma are 
candidates for a laparoscopic approach in the absence of other contraindications. 
The open approach is recommended in patients with evidence at preoperative imag-
ing studies of malignancy with local invasion of adjacent structures. Another impor-
tant parameter is the size of the tumor, but it is not an absolute contraindication to a 
laparoscopic resection; in actual fact, tumor size greater than 6 cm is not an absolute 
contraindication to laparoscopy [47, 78].

In the adrenal gland surgery, it is important to consider that a multidisci-
plinary approach, which comprises surgeons, anesthesiologists, endocrinologists, 

A. Valeri et al.



123

oncologists, plays an important role in the management of elderly patients and 
that the success of the procedure is also related to surgeon experience and hospital 
volume.

 Conclusions
Some studies confirmed that laparoscopic adrenalectomy in elderly patients is 
safe and effective and decreases hospital stays, operative blood loss, and wound 
complications. Age alone should not be considered a real contraindication to 
laparoscopic adrenalectomy, while the real contraindications to this technique 
are represented by large tumors, malignant tumor with an invasion of the adja-
cent structures, and the general contraindications to laparoscopy, whereas regard-
ing the preoperative care, it is important to adopt several actions in order to 
facilitate a quicker surgical recovery associated with fewer complications. 
Usually in the preoperative management of elderly patients, short-acting selec-
tive alpha-blockers are preferred in order to avoid prolonged postoperative hypo-
tension [79]. Furthermore, in elderly patients a preoperative bowel preparation is 
judicious in order to prevent hydric and electrolyte disturbances and to minimize 
the risks of colonic bacterial translocation [80]. Moreover, it is recommended to 
introduce an early anticoagulation therapy in order to reduce the risk of postop-
erative pulmonary embolism and to institute an intense pulmonary rehabilitation 
in order to reduce the risk of other postoperative pulmonary complications.

In conclusion, a meticulous preparation for surgery is crucial among the 
elderly patients, and particular attention should be focused on maintaining the 
balance between the adrenal disease and comorbidities and on the early manage-
ment of any postoperative complications.
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9Pancreatic Neuroendocrine  
Tumors (pNETs)

Alessandro Sanguinetti, Andrea Polistena, 
Louis Banka Johnson, and Nicola Avenia

9.1  Epidemiology

Originally called islet cell tumors, pNETs were redesignated by the World Health 
Organization (WHO) in 2010. These tumors are rare, with an incidence of 0.43 per 
100,000 according to the National Cancer Institute’s Surveillance, Epidemiology, and 
End Results (SEER) registry; however, this rate has more than doubled in the last 
20–30 years [1, 2]. This increase is due, at least in part, to increased physician aware-
ness, improvements in diagnostic imaging, and the overall increased use of CT scans. 
However, autopsy studies have found the prevalence of pNETs ranges from 0.8 to 
10% [3–5], suggesting that the vast majority of them are clinically silent. There is a 
slight male predominance (55% male vs. 45% female). Most patients present in their 
50s, although patients with functional tumors present earlier than patients with non-
functional tumors (mean age of presentation 55 vs. 59 years) [6]. The vast majority of 
these patients are Caucasian (84 vs. 16%) [3]. Overall, pNETs comprise 1–2% of all 
pancreatic tumors and 7% of NETs in general, second only to gastrointestinal carci-
noid [2, 7–9]. The majority of pNETs arise sporadically, but approximately 10% are 
associated with an underlying genetic syndrome such as multiple endocrine neoplasia 
type I (MEN1) and type IV (MEN4), von Hippel-Lindau disease (VHL), neurofibro-
matosis type I (NF1), or tuberous sclerosis complex (TSC) [10]. pNETs are most 
prevalent in MEN1 with nearly all individuals having multiple nonfunctional adeno-
mas on autopsy, predominantly microadenomas (<5 mm in diameter) [10, 11]. The 
prevalence of clinically significant pNETs increases with age with roughly 50% of 
patients being diagnosed by age 50 and most having multiple pNETs [11–14]. The 
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most common type of pNET in MEN1 is a nonfunctional tumor; however, the major-
ity of MEN1 patients will develop symptomatic lesions, with around 50% developing 
Zollinger-Ellison (ZE) syndrome from an underlying gastrinoma, roughly 20% devel-
oping symptoms of an insulinoma, and 3–5% developing VIPomas or glucagonomas 
[8, 10–16]. Overall, the result is that 25% of all gastrinomas and 4% of all insulinomas 
are linked to MEN1 [8]. Patients with MEN1 will also develop NETs in other organs; 
however, development of a pNET is a poor prognostic factor. pNETs are the most 
common underlying cause of MEN1-associated mortality, and these patients have a 
reduced life expectancy of 69 years compared to 77 years for MEN1 patients without 
a pNET [10, 14, 17]. Recently, MEN4, which is caused by a mutation in CDKN1B 
which codes for p27, was discovered in a subset of patients with MEN1-like syn-
dromes without identifiable MEN1 mutations. These patients are prone to MEN1- 
associated tumors in addition to adrenal, renal, gonadal, and thyroid tumors. Given its 
recent discovery, the prevalence and natural history of pNETs in this genetic syn-
drome are unclear [18, 19]. Pancreatic neoplasms in general are common in VHL with 
35–77% of patients developing lesions. The majority of these are benign, with serous 
cystadenomas being the most common. Only 10–17% of patients with VHL will 
develop a true pNET, almost always nonfunctional [8, 10]. The incidence of pNET in 
NF1 is 0–10%, comprised of almost exclusively somatostatinomas. pNETs are also 
rare in TSC, with an incidence of <1%, usually associated with TSC type I [8, 10].

9.2  Pathogenesis

The endocrine function of the pancreas is carried out by pockets of cells designated 
as the islets of Langerhans. These cells secrete many key hormones, including insu-
lin, glucagon, somatostatin, vasoactive intestinal peptide (VIP), and others. These 
are hormones commonly produced by functional pNETs. Originally, it was thought 
that pNETs arose from the islets of Langerhans, but more recent investigation 
has suggested they arise from pluripotent stem cells in the pancreatic ductal/aci-
nar system [20]. However, pNETs demonstrate important genetic differences from 
pancreatic adenocarcinomas. Recent pNET exome sequencing demonstrated that 
gene mutations typical for adenocarcinoma, such as KRAS, are absent in pNETs. 
Furthermore, pNETs appear to commonly involve distinct mutations from adeno-
carcinoma, particularly MEN1 in 44% of tumors, DAXX in 25% of tumors, ATRX 
in 18% of tumors, and mTOR pathway genes in 16% of tumors [21]. MEN1 codes 
for menin, which has an essential function in chromatin remodeling regulation, and 
its role in NET development have long been known due to its involvement in the 
MEN1 syndrome. The serine-threonine kinase mTOR is at the center of an onco-
genic pathway involved in cell growth and proliferation [21]. Interestingly DAXX 
and ATRX mutations have not been previously associated with cancer. DAXX and 
ATRX participate in chromatin remodeling at telomeres and other genomic sites 
and appear to be associated with pNETs through development of a telomerase-inde-
pendent telomere maintenance process termed alternative lengthening of telomeres 
(ALT) [22–25]. The ALT phenotype is found in immortalized cell lines and has 
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been implicated in some human cancers. In one series, 61% of pNETs had abnormal 
telomeres consistent with ALT, and there was a perfect correlation between these 
tumors and DAXX/ATRX mutations or loss of nuclear expression of these genes 
[22]. Loss of DAXX/ATRX and development of ALT appear to occur late in pNET 
development, being found in larger tumors (>2–3 cm) and metastatic lymph nodes 
[23]. DAXX/ATRX mutations are also a poor prognostic sign and are associated 
with earlier recurrence and decreased disease-specific survival [24]. Furthermore, 
the DAXX/ATRX pathway appears to be unique to pNETs among other gastroin-
testinal NETs. In one series of gastrointestinal carcinoid tumors, only 4% demon-
strated the ALT phenotype, and the presence of ALT has been proposed as a method 
to predict the site of origin of NET liver metastases with unknown primary [25]. 
These recent discoveries, particularly the mutations in the mTOR pathway genes, 
suggest exciting possibilities for targeted molecular therapy.

9.3  Pathology/Staging

The history of classification and staging of pNETs is complex and has undergone a 
great number of changes in the last 10–15 years. Currently, the WHO, European 
Neuroendocrine Tumor Society (ENETS), and American Joint Committee on 
Cancer (AJCC) have each proposed a formal staging system for pNETs [25–27]. 
The 2010 WHO classification system is based on the proliferative activity of the 
tumor as measured by mitotic count and the expression of nuclear antigen Ki-67, a 
marker for cellular proliferation. Grade 1 tumors have fewer than 2 mitoses per 10 
high power fields and less than or equal to 3% Ki-67 staining. Grade 2 tumors have 
2–10 mitoses per 10 high power fields or 3–20% Ki-67 staining. Grade 3 tumors 
have greater than 20 mitoses per 10 high power fields or greater than 20% Ki-67 
staining. Grade 1 and 2 lesions are well differentiated and classified as NETs (90% 
of tumors), while Grade 3 lesions are poorly differentiated and classified as neuro-
endocrine carcinomas (10% of tumors). The WHO classification system is summa-
rized in Table 9.1 [26]. The ENETS staging system is based on TNM classification 
(Table 9.2), while the AJCC staging system is taken from the TNM staging system 
developed for pancreatic adenocarcinoma (Table 9.3) [26, 27]. Most head-to-head 
comparisons of the ENETS and the AJCC staging systems have shown no statistical 
difference in their ability to predict survival [28, 29]; however, one cohort study did 
find a slight advantage favoring the ENETS system [30]. In the face of three 

Table 9.1 2010 WHO grading system for pNETs

Grade 1 (G1) Grade 2 (G2) Grade 3 (G3)
Ki-67 index <3% 3–20% >20%
Mitotic count <2/10 HPF 2–20/10 HPF >20/10 HPF
Differentiation Well differentiated Well differentiated Poorly differentiated
Five-year survival rate 85% 78% 9%

Survival data from Ellison TA et al. [28]. WHO, World Health Organization; HPF, high power 
field; pNETs, pancreatic neuroendocrine tumors
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different staging systems, work toward a single, comprehensive, accurately predic-
tive model continues. Recently, one retrospective analysis suggested that combining 
the WHO grading system using Ki-67 expression rates with the lesser known 
Hochwald grading system, which divides tumors into two stages based on tumor 
necrosis and mitotic rates, is more predictive of survival than any of the current stag-
ing systems [28]. Similarly, another series out of Johns Hopkins found that Ki-67 
expression rates have a linear relationship with mortality, calling into question the 
validity of breaking Ki-67 rates into categories as the WHO system does. They pro-
posed a nomogram based on age, gender, and Ki-67 labeling as a continuous vari-
able that appears to be both simpler and more prognostic than either the ENETS or 
AJCC systems [29]. The staging of pNETs will continue to evolve in the coming 
years as our understanding increases.

9.4  Presentation

pNETs are divided into functional versus nonfunctional tumors with about 90% 
being classified as nonfunctional. Commonly, tumors are defined as nonfunctional 
if the patient does not suffer from symptoms due to hormone hypersecretion, even 

Table 9.2 2006 ENETS staging system for pNETs

Stage Tumor Node Metastasis Stage specific Five-year survival
I T1 N0 M0 Stage I 97%
IIA T2 N0 M0 Stage II 87%
IIB T3 N0 M0 Stage III 73%
IIIA T4 N0 M0 Stage IV 56%
IIIB Any T N1 M0
IV Any T Any N M1

Survival data from Ellison TA et  al. [28]. ENETS, European Neuroendocrine Tumor Society; 
pNETs, pancreatic neuroendocrine tumors. T1, <2 cm but limited to the pancreas; T2, 2–4 cm but 
limited to the pancreas; T3, >4 cm but limited to the pancreas or invading the duodenum or com-
mon bile duct; T4, tumor invading adjacent structures or large vessels; N0, no regional lymph node 
metastases; N1, regional lymph node metastases; M0, no distant metastases; M1, distant metastases

Table 9.3 2010 AJCC staging system for pNETs

Stage Tumor Node Metastasis Stage specific Five-year survival
I T1 N0 M0 Stage IA 96%
IIA T2 N0 M0 Stage IB 92%
IIB T3 N0 M0 Stage IIA 76%
IIIA T4 N0 M0 Stage IIB 73%
IIIB Any T N1 M0 Stage III –
IV Any T Any N M1 Stage IV 56%

Survival data from Ellison TA et al. [28]. SMA, superior mesenteric artery; AJCC, American Joint 
Committee on Cancer; pNETs, pancreatic neuroendocrine tumors. T1, <2 cm but limited to the pan-
creas; T2, >2 cm but limited to the pancreas; T3, tumor extends beyond the pancreas but not involv-
ing the celiac axis or SMA; T4, tumor involves celiac axis or SMA; N0, no regional lymph node 
metastases; N1, regional lymph node metastases; M0, no distant metastases; M1, distant metastases
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if hormone levels are elevated on laboratory evaluation. Most nonfunctional pNETs 
present with symptoms due to mass effect, such as jaundice, weight loss, abdominal 
pain, palpable mass, nausea/emesis, pancreatitis, or back pain, and mimic the pre-
sentation of pancreatic adenocarcinoma.

9.4.1  Natural History

Most PNETs are indolent but have malignant potential. The true natural history of 
PNETs has not been studied systemically. PNETs in MEN1 grow slowly and remain 
stable for years, at least when they are small [31, 32]. Whether the natural history of 
PNETs in MEN1 is representative of that of sporadic, PNETs is unknown. If 
untreated, most PNETs grow and eventually metastasize to the liver; extensive liver 
metastasis is the most common cause of death for patients with PNETs [33, 34]. The 
biological behavior of an individual PNET is unpredictable; a higher tumor grade, 
lymph node, and liver metastasis and a larger primary tumor generally portend a 
less favorable prognosis [35, 36]. Molecular markers that predict PNET behavior 
are necessary to improve clinical decision-making. Most patients survive many 
years after diagnosis. PNETs are classified as functioning or nonfunctioning 
depending on whether they cause hormonal hypersecretion syndrome.

Functioning PNETs result in hormonal hypersecretion syndromes, as elaborated 
below (Table 9.4).

Nonfunctioning PNETs cause nonspecific symptoms, such as vague abdominal 
pain, and can be an incidental finding.

The distinction between functioning and nonfunctioning PNETs is based on 
clinical presentation, and there is no absolute difference in hormone expression 
between functioning and nonfunctioning PNETs. For example, the tumor cells in a 
small PNET may express glucagon, resulting in a borderline elevation of glucagon 
levels; clinically, however, this PNET is classified as nonfunctioning because the 
slight elevation of glucagon is not sufficient to cause glucagonoma syndrome. 
Through immunochemical examination, most PNETs express numerous hormones. 
Some hormones are expressed in normal islets (e.g., insulin, glucagon, somatosta-
tin, and pancreatic polypeptide), and others (e.g., gastrin, vasoactive intestinal pep-
tide (VIP), serotonin, adrenocorticotropin (ACTH), corticotropin-releasing hormone 
(CRH), parathyroid hormone-related peptide (PTHrp), parathyroid hormone (PTH), 
growth hormone-releasing hormone (GHRH), growth hormone (GH), calcitonin, 

Table 9.4 Functioning pancreatic neuroendocrine tumor (PNET) syndromes

Tumor Symptom(s)
Insulinoma Hypoglycemia
Gastrinoma Severe peptic ulceration
VIPoma Watery diarrhea, hypokalemia, achlorhydria (WDHA syndrome)
Glucagonoma Glucose intolerance, necrolytic migratory erythema, stomatitis/

glossitis, hypoaminoacidemia
Somatostatinoma Hyperglycemia, cholelithiasis, steatorrhea, achlorhydria
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ghrelin, human choriogonadotropin (hCG), and renin) that are not normally 
expressed in the islets are expressed by PNETs. The expressed hormones may or 
may not be secreted or biologically active, and the hormone expression profile of 
each tumor can change over time. It is common that an initially nonfunctioning 
PNET later triggers hormonal hypersecretion syndrome [37–39].

9.5  Functioning PETs

9.5.1  Insulinomas

Patients with insulinomas present with the symptoms of hyperinsulinemic hypogly-
cemia, i.e., the Whipple’s triad, consisting of mental confusion, weakness, fatigue, 
and seizures while fasting, blood glucose levels below 50 mg/dL, and immediate 
relief of symptoms following ingestion of glucose. Most patients have documented 
weight gain. The serum insulin levels are inappropriately elevated for the prevailing 
plasma glucose concentration, and there is usually a higher ratio of proinsulin than 
normally found. Insulinomas may also arise in the pancreas of non-insulin- 
dependent diabetics and can lead to an improvement in the symptoms [40]. 
Insulinomas are the most frequent functioning pancreatic endocrine tumors and 
have been diagnosed over a wide range, but the peak incidence is found between 40 
and 60 years [41, 42]. Neonates and infants with persistent hyperinsulinemic hypo-
glycemia most often suffer from inappropriate insulin secretion caused by inactiva-
tion of the potassium ion channels of beta cells of the endocrine pancreas due to 
various point mutations of the channel proteins. Morphologically, diffuse or focal 
nesidioblastosis is found [43, 44]. Diffuse nesidioblastosis may also occur, although 
very rarely, in the adult [45, 46]. Virtually all insulinomas are found in the pancreas. 
They are distributed almost evenly throughout the pancreas or are attached to it. 
Reports convincingly demonstrating insulin production and hypoglycemic symp-
toms in neuroendocrine tumors located outside the pancreas are rare. So far such 
tumors have been observed in the duodenum [47], ileum [48, 49], lung [50], cervix 
[51], and ovary [52]. Between 85 and 99% of insulinomas are benign, solitary, and 
less than 2.5 cm in diameter when detected [53]. Insulinomas that turn out to be 
malignant usually have a diameter of over 3 cm, and about one-third have metasta-
sized at the time of diagnosis. Multiple insulinomas, occurring synchronously or 
metachronously, are found in 2–7% of patients and MEN1-associated insulinomas 
in 6%. Immunocytochemically, insulin- and proinsulin-producing cells can be iden-
tified in all insulinomas. Strong positivity for insulin (at the basal pole of the cell) 
and proinsulin (in the perinuclear region) is usually seen in well-differentiated insu-
linomas with a trabecular growth pattern [54]. By contrast, insulinomas with a solid 
pattern may show only a weak reaction and diffuse cytoplasmic distribution of pro-
insulin and insulin. Insulinomas also commonly express islet amyloid polypeptide 
(IAPP) [55, 56], and in approximately 5% of these tumors, IAPP may be precipi-
tated as amyloid in the tumor stroma [57]. IAPP is normally released by the pancre-
atic beta cells together with insulin; it has also been named amylin. Massive 
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secretion of IAPP from a malignant pancreatic tumor has been reported [58]. 
Insulinomas, irrespective of whether they are benign or malignant, may also express 
hormones other than insulin. Electron microscopically, well-granulated cells with 
typical beta granules; cells with atypical, sometimes pleomorphic granules; and 
scarcely granulated cells have been described. In addition, cells with typical alpha 
and PP granules may be identified. Based on the different ultrastructural features of 
neoplastic beta cells, three working classifications of insulinomas have been 
advanced [59–61], which can, to some degree, be related to the proportion of proin-
sulin secreted by these insulinomas (e.g., related to varying degrees of conversion of 
proinsulin to insulin). In the non-tumorous endocrine pancreas of patients with 
insulinomas, the islet content of immunoreactive insulin may be decreased. This 
might be due to an adaptive response of the normal beta cells to prolonged hypogly-
cemia [62].

9.5.2  Gastrinomas

Inappropriate gastrin secretion by gastrinomas causes the Zollinger-Ellison syn-
drome (ZES). This is characterized by gastric acid hypersecretion, intractable peptic 
ulceration, and occasionally severe diarrhea [63, 64]. Between 60 and 75% of 
patients with ZES are found to have the syndrome as an isolated disease (sporadic 
ZES); in the remaining patients, ZES is part of the MEN1 syndrome [65]. The term 
pseudo-ZES (also called ZES type 1, as opposed to ZES type 2 caused by a gastri-
noma) was coined for a syndrome with symptoms similar to ZES that appears to be 
caused by antral G-cell hyperfunction and G-cell hyperplasia [66, 67]. The fact that 
this syndrome has no longer been described in recent years raises questions as to its 
existence. In rare cases the syndrome of recurrent and intractable peptic ulceration 
may be found in association with a pancreatic endocrine tumor that does not pro-
duce and secrete gastrin [68]. The factor causing peptic ulceration in these patients 
has yet to be identified [69]. Gastrinomas are second only in incidence to insulino-
mas and are most often malignant. The peak incidence of gastrinomas lies between 
40 and 50 years; children (5–15 years of age) are rarely affected. Approximately 
50–70% of the gastrinomas associated with the sporadic form of ZES occur in the 
pancreas, particularly in its head, while the remainder are mainly found in the duo-
denum. The predominant location of gastrinomas within the anatomic area compris-
ing the head of the pancreas and the first and second portions of the duodenum has 
been called the gastrinoma triangle [70]. Unusual sites of gastrinomas are the stom-
ach [71], jejunum [72, 73], biliary tract, liver, and kidney [74]. Ovarian or pancre-
atic mucinous cystic tumors that contain a sufficient number of active endocrine 
cells with gastrin production may also cause ZES, but are uncommon [75, 76]. 
Around 90% of the gastrinomas associated with the MEN1 syndrome reside in the 
duodenum. These tumors are usually smaller than 1 cm, are multicentric, and arise 
from gastrin cell precursor lesions [77]. Because of their small size, they are, like 
sporadic duodenal gastrinomas, difficult to detect. Pancreatic gastrinomas associ-
ated with MEN1 are rare [78], although the pancreas of these patients usually 
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contains multiple endocrine tumors. These tumors, however, virtually never pro-
duce detectable amounts of gastrin. Sporadic gastrinomas, occurring either in the 
pancreas or in the duodenum, are apparently solitary tumors. In the pancreas, they 
usually have a diameter of 2 cm or more, whereas in the duodenum their diameter 
is most often less than 1 cm [79]. Metastasis to regional lymph nodes is found in 
approximately 60% of patients with pancreatic gastrinomas [80] and at an even 
higher percentage in patients with duodenal gastrinomas. Because duodenal gastri-
nomas can metastasize while still very small, they may give rise to periduodenal 
lymph node metastases which are larger than the primary. It has therefore been sug-
gested that so-called peripancreatic and periduodenal lymph node gastrinomas may 
be metastases of duodenal microgastrinomas that were overlooked during surgery, 
rather than true primary tumors [81, 82]. In contrast to the distribution of lymph 
node metastases, duodenal gastrinomas, whether sporadic or associated with MEN1, 
seem to give rise to liver metastases in a smaller percentage of cases than pancreatic 
gastrinomas. Thus 10-year survival rates have been shown to be higher in patients 
with duodenal gastrinomas (84%) than in patients with pancreatic gastrinomas 
(57%) [83]. Histologically, gastrinomas most often show a trabecular or pseudo-
glandular pattern. Immunocytochemically, gastrin can be demonstrated in almost all 
tumors. Approximately 50% of gastrinomas are multihormonal and contain PP, glu-
cagons, and/or insulin in addition to gastrin. Islet hyperplasia and nesidioblastosis 
have repeatedly been described in the non-neoplastic pancreas of patients with gas-
trinomas, but these findings could not be confirmed by morphometry [84]. Recently, 
however, morphometrically defined PP-cell hyperplasia has been described in the 
ventrally derived region of the pancreatic head [85]. So far it has not been definitely 
established what influence hypergastrinemia may have on these changes. In the gas-
tric mucosa, however, sustained hypergastrinemia induces parietal cell hyperplasia 
with thickened mucosal folds and gastric acid hypersecretion. In addition, the num-
ber of enterochromaffin-like (ECL) cells is increased in the fundic mucosa [86, 87]. 
ECL cell tumors in the fundus of the stomach, which are a well-known complication 
in patients suffering from pernicious anemia with chronic type A gastritis, appear to 
be very uncommon in patients with sporadic ZES.  They have, however, been 
reported in patients with ZES and MEN1. In these instances, they probably repre-
sent another neoplastic manifestation of the MEN1 syndrome rather than merely the 
result of a trophic effect of gastrin [86].

9.5.3  Glucagonomas

This syndrome includes a skin rash known as necrolytic migratory erythema, mild 
glucose intolerance, normochromic normocytic anemia, weight loss, depression, 
and a tendency to develop deep vein thrombosis [87]. This symptomatology is 
thought to reflect the catabolic action of highly elevated glucagon serum concentra-
tions [88]. The syndrome has not been convincingly described in extrapancreatic 
glucagon-producing tumors. Functionally active glucagonomas are rather large 
(size range 2–35  cm), commonly occur in the distal portion of the pancreas or 
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attached to the pancreas, and are most often malignant. Tumors containing glucagon- 
producing cells that are not associated with the glucagonoma syndrome are often 
benign and are usually found as small neoplasms at autopsy or in a MEN1 pancreas 
[89, 90]. Immunocytochemically, glucagonomas often stain weakly for glucagon, 
but also show reactivity for peptides derived from proglucagon (glicentin, glucagon- 
like peptides 1 and 2) [91]. In addition, numerous PP cells can often be identified. 
Electron microscopically, readily identifiable A-cell granules may be recognized in 
functionally silent glucagon-producing tumors, whereas atypical secretory granules 
predominate in glucagonomas associated with the syndrome.

9.5.4  VIPomas

Inappropriate secretion of vasoactive intestinal polypeptide (VIP) by VIPomas 
causes the watery diarrhea, hypokalemia, and achlorhydria (WDHA) syndrome, 
also called Verner-Morrison syndrome [92]. Although VIP is the most likely media-
tor of the WDHA syndrome, other hormonelike substances such as the peptide his-
tidine methionine may also be involved. In the adult, the vast majority of VIPomas 
are of pancreatic origin. Exceptions are some rare VIP-producing pheochromocyto-
mas [93, 94] and intestinal endocrine tumors [95]. In children, WDHA syndromes 
have been reported in association with VIP-secreting ganglioneuromas and ganglio-
neuroblastomas [96, 97]. The WDHA syndrome has also been attributed to islet 
hyperplasia [98, 99]. These reports are difficult to interpret because, in the normal 
adult human pancreas, VIP is only present in autonomic nerves but not in islet cells. 
Pancreatic VIPomas are usually solitary large tumors (mean size 4–5 cm), occur 
often in the pancreas tail (approximately 50%), and are malignant in at least 80% of 
cases. Immunocytochemically, VIP can be visualized in well-preserved tissue rou-
tinely fixed with formalin or in freeze-dried and vapor-fixed specimens. Tissue with 
suboptimal fixation may lose its VIP reactivity. It is sometimes advantageous to 
look for mRNA by using in situ hybridization. VIP-producing tumor cells have also 
been shown to express PHM-27, a protein sharing with VIP a common big precursor 
peptide (prepro-VIP/PHM-27). In addition, they commonly express PP74 and, less 
commonly, calcitonin and neurotensin [100].

9.5.5  Somatostatinomas

Patients with a pancreatic somatostatinoma may have a syndrome thought to be attrib-
utable to the widespread inhibitory effects of somatostatin. It consists of diabetes 
mellitus, cholelithiasis, steatorrhea, indigestion, hypochlorhydria, and, occasionally, 
anemia [101]. Pancreatic somatostatinomas are very rare. They are virtually always 
malignant, and occasionally they may contain psammomatous calcifications [102]. 
Extrapancreatic somatostatinomas occur most often in the second portion of the duo-
denum, often at the site of the papilla of Vater or in close proximity to it, and are some-
times associated with NF1 (von Recklinghausen’s disease) and pheochromocytomas.
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9.6  Functioning Tumors Producing Ectopic Hormones or 
Multiple Hormones

Among the syndromes infrequently observed with pancreatic endocrine tumors and 
caused by ectopic hormones are those due to the production of ACTH (Cushing’s 
syndrome) [103, 104], serotonin (carcinoid syndrome) [105], growth hormone- 
releasing factor (acromegaly) [106, 107], paraneoplastic hypercalcemia (PTH)-
related protein (PTHrP) mimicking the action of PTH [108, 109], and calcitonin 
(diarrhea in 50% of cases). Most of the neoplasms associated with syndromes 
caused by ectopic hormones are malignant and of large size. Their microscopic pat-
terns are usually the same as in other pancreatic endocrine tumors. Exceptions are 
some neoplasms producing growth hormone-releasing factor and causing acromeg-
aly, which may show a distinct paraganglioma-like microlobular pattern [110] and 
spindle-shaped cells. Combinations of various hormonal syndromes or transitions 
from one syndrome to another have been described. They appear to be uncommon. 
The known associations are ZES and hypercalcemia [111], ZES and Cushing’s syn-
drome [112, 113], hypoglycemia and Cushing’s syndrome [114], and hypoglycemia 
with ZES [115], or carcinoid syndrome [116, 117]. In some rare cases, the gluca-
gonoma syndrome followed a hypoglycemic syndrome after cytostatic therapy 
[118]. It should be emphasized that a number of patients with combined clinical 
syndromes, in particular ZES and Cushing’s syndrome, have been shown to suffer 
from MEN1.

9.7  Nonfunctioning Tumors

Nonfunctioning neoplasms become clinically apparent (abdominal pain, jaun-
dice, weight loss) due either to their large size, to invasion of adjacent organs, or 
to the occurrence of metastases. Infrequently they may present as pancreatitis 
[119] or in association with hematologic changes such as pancytopenia [120] or 
eosinophilic infiltration of the skin [121]. There are various explanations for the 
lack of hormonally induced syndromes, even in the presence of immunocyto-
chemically detectable hormones: (1) the amount of hormone (s) produced and 
released may be too low to cause symptoms; (2) the principal hormone synthe-
sized and secreted by the tumor does not induce any specific clinical signs 
although it is released in excess, as is the case with PPomas and neurotensinomas 
[122]; (3) the tumor secretes a precursor hormone or a hormonelike substance 
that is functionally inert; or (4) the hormonal product of the tumor has not yet 
been identified. The majority of surgically removed nonfunctioning tumors are 
>5  cm in diameter and show malignant behavior [123]. Their symptoms are 
related either to the appearance of metastases or to their size and site. 
Immunocytochemically, about 10% of the tumors are virtually agranular, with 
only sparse hormone-positive cells. The agranularity of these tumors is reflected 
by very weak or absent chromogranin staining, while synaptophysin positivity is 
preserved. In chromogranin A-reactive positive nonfunctioning tumors, PP is 
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frequently found. Because PP is sometimes the predominant hormone, these neo-
plasms have been called PPomas, although they do not represent a clinical entity. 
Among the extrapancreatic tumors rich in PP cells are the majority of ganglio-
cytic paragangliomas of the duodenum [124] and some rectal neuroendocrine 
tumors [125]. A few nonfunctioning malignant tumors have been shown immu-
nocytochemically to produce serotonin [126, 127]. Tumors described as neuro-
tensinomas and calcitoninomas or those producing bombesin [127] are either 
hormonally silent or are associated with syndromes that are difficult to relate to 
the effects of these hormones.

9.8  Pancreatic Endocrine Tumors in MEN1

Pancreatic tumors are part of a tumor spectrum that involves the parathyroid glands 
(80–98% of patients), the anterior pituitary (9–40%), and the duodenum (40–85%) 
[128, 129], but occasionally also the stomach, ileum, lung, or thymus [130, 131]. 
The outstanding feature of the pancreatic lesions in MEN1 is diffuse microdenoma-
tosis in association with one or several macrotumors (>0.5 cm in diameter) [132]. 
Histologically, most of the small tumors display a distinct trabecular pattern and 
may show a connective tissue capsule. Multihormonality is a consistent finding in 
these tumors, with one hormone usually prevailing. Most frequent are glucagono-
mas and PPomas, followed by insulinomas. Serum PP has therefore been recom-
mended as a screening hormone in MEN1 patients [133], although subsequent data 
suggested a wider distribution of hormone type [134]. In MEN1 patients with hypo-
glycemia, it was noted that, despite the presence of multiple tumors, usually only 
one of the macrotumors produced insulin. Removal of this tumor relieved the 
patients’ hypoglycemic syndrome. In MEN1 patients with ZES, which occurs in 
approximately 60% of MEN1 patients, pancreatic gastrinomas are surprisingly 
uncommon, although the pancreas of these patients may be studded with tumors of 
varying sizes producing other hormones. The gastrinomas in these patients reside 
predominantly in the proximal part of the duodenum, are usually <1 cm in diameter, 
and show multicentricity (see section on gastrinomas, above). The occurrence of 
WDHA syndrome, glucagonoma syndrome, [132, 133] or acromegaly due to a 
tumor-secreting growth hormone-releasing factor is very rare in the setting of 
MEN1.

9.9  Mixed Endocrine-Exocrine Tumors

True mixed endocrine-exocrine tumors (i.e., ductal endocrine or acinar-endocrine 
tumors) of the pancreas, in which both components are clearly demonstrated, are 
exceedingly rare [134]. Arguments supporting the endocrine-exocrine nature of 
tumors are the presence of both elements in both the primary tumor and its metasta-
ses and the ultrastructural identification of cells containing both hormone granules 
and zymogen or mucin granules. The inclusion of normal ducts within endocrine 
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tumors (so-called ductulo-insular tumors) or the occurrence of endocrine cells 
attached to the neoplastic glands of ductal adenocarcinomas of the pancreas cannot 
be regarded as evidence that a tumor is truly endocrine-exocrine in nature.

9.10  Diagnosis/Staging

9.10.1  History and Physical

A detailed history and physical is essential in these patients. The history should 
focus on signs of mass effect or metastasis, evaluate for symptoms of an endocrine 
syndrome, and screen for family history suggestive of genetic syndromes associated 
with pNETs. Physical exam should look for jaundice and abdominal masses.

9.10.2  Laboratory Evaluation

If a functional tumor is suspected, workup should include biochemical assessment 
for the appropriate syndrome. Seventy two-hour fast is the gold standard for diag-
nosis of an insulinoma, with measurement of glucose and insulin levels at the time 
of symptoms. It is also important to measure C-peptide to rule out surreptitious 
insulin use [135]. With gastrinoma, an elevated fasting serum gastrin level is usu-
ally the first test, and a level greater than ten times the limits of normal is virtually 
diagnostic of this disease. Proton pump inhibitors elevate serum gastrin levels, 
and it is important to draw labs after holding these drugs for 1 week due to their 
long-acting nature. ZE syndrome is usually confirmed with a secretin stimulation 
test, but gastric acid secretion studies are sometimes required [136, 137]. 
Migratory necrotizing dermatitis, while highly suggestive of a glucagonoma, can 
also occur in celiac disease, cirrhosis, or pancreatitis, and the diagnosis must be 
confirmed by elevated glucagon levels [138–140]. VIPoma and somatostatinoma 
are confirmed by elevated levels of VIP and somatostatin, respectively [141, 142]. 
A variety of tumor markers have been proposed for functional and nonfunctional 
pNETs. The most common of these is chromogranin A (CgA), an acid-soluble 
protein that is found in secretory granules of neuroendocrine cells, although oth-
ers, such as neuron-specific enolase (NSE), pancreatic polypeptide, pancreastatin, 
and human chorionic gonadotropin, have been proposed. CgA is the most sensi-
tive of these, with elevated levels present in 72–100% of patients. However, CgA 
levels are highly variable, limiting specificity to 50–80% [55, 56]. Furthermore, 
proton pump inhibitor use, impaired renal function, liver disease, and inflamma-
tory bowel disease can all cause an increase in CgA leading to false-positive 
results. Higher CgA levels correlate with increased tumor burden and metastatic 
disease and may be most useful in assessing response to therapy [55, 56]. The 
sensitivity of NSE as a tumor marker is low at 30–40%, but its specificity is almost 
100% [57]. Using a combination of CgA and NSE levels improves the sensitivity 
of using either alone [58].
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9.10.3  Imaging

Localization and staging of the tumor are essential to appropriate therapy for 
pNET. A variety of imaging modalities exist to assist the clinician, including com-
puted tomography (CT), magnetic resonance imaging (MRI), somatostatin receptor 
scintigraphy (SRS), positron-emission tomography (PET), and endoscopic ultraso-
nography (EUS). In the rare case that the tumor cannot be located with these modal-
ities, angiography with selective arterial stimulation and venous sampling may be 
employed. If the tumor cannot be located prior to surgery, bimanual palpation with 
intraoperative ultrasound often discovers the lesion as a last resort. This is a situa-
tion seen most often with small insulinomas that are only a few millimeters in size.

9.11  CT

CT is the most common initial imaging study in the evaluation of patients with 
pNETs. Triple-phase contrast CT is the optimal study as pNETs are typically best 
visualized during the arterial phase. They usually appear as spherical, hyper-dense, 
and hyper-vascular mass that rarely obstruct the pancreatic duct. The reported sen-
sitivity of CT ranges from 62 to 83% with a specificity of 83–100%, although it 
varies with the size of the lesion [59, 60]. Although most pNETs are solid lesions, 
about 10% will present as cystic lesions with smooth margins and peripheral 
enhancement on both arterial and portal phases. Overall, it is difficult to differenti-
ate cystic pNETs from other cystic pancreatic lesions on cross-sectional imaging 
with a misdiagnosis rate of 43% in a recent series [61].

9.12  MR

pNETs are usually well visualized on MR.  The MR signal is typically low in 
T1-weighted sequences and high in T2-weighted sequences. Again, pNETs are best 
visualized during the arterial contrast phase. The sensitivity of MR ranges from 85 
to 100% with a specificity of 75–100% [59, 62]. In one recent series of 55 patients, 
the sensitivity of MR was 95%, rivaling that of EUS [63]. Not as commonly used as 
CT, MR is most often ordered when lesions are too small to be visualized on CT. In 
detecting and following liver metastases, MR has been suggested to be superior to 
CT [62, 64, 65].

9.13  SRS

SRS (somatostatin receptor scintigraphy) uses radiolabeled somatostatin analogs 
and relies on somatostatin receptors expressed by pNETs. This leads to an impor-
tant caveat that insulinomas, in which somatostatin receptors are present only at low 
levels or absent entirely, are not well visualized with this technique. However, for 
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other functional pNETs and nonfunctional pNETs, the ability of SRS to localize the 
tumor is good, with sensitivities ranging from 75 to 100% [62, 66]. SRS is often 
used when a functional pNET is suspected and conventional cross-sectional imag-
ing fails to localize the tumor. It can be particularly helpful with glucagonoma as 
this have a greater propensity to present outside of the pancreas than other func-
tional NETs [59]. SRS has an advantage over other imaging modalities in evaluating 
patients for sufficient uptake for targeted radiation therapy using radiolabeled soma-
tostatin analogs. SRS is also typically useful in evaluating the burden of metastatic 
disease.

9.14  PET

Standard PET imaging with 18F-fluorodeoxyglucose (FDG) does not visualize 
pNETs well, given that most pNETs are well differentiated with a low metabolic 
rate. However, it can detect poorly differentiated pNETs and FDG avidity correlates 
with early tumor progression and increased mortality [67, 68]. Alternatively, PET 
imaging has increasingly utilized 68Ga-labeled somatostatin analogs with excellent 
results. PET imaging with this utilization has been shown to be superior to both SRS 
and conventional cross-sectional imaging [69, 70]. The results from fusion of PET 
with CT images are better than either modality individually with sensitivities of 
94–100% [71]. In one series, use of fused PET/CT images changed treatment deci-
sions in 59.6% of patients compared to CT or MRI alone.

9.15  EUS

EUS (endoscopic ultrasound) has become an invaluable tool in the evaluation of 
pancreatic lesions. In addition to radiologic examination of the pancreas, EUS offers 
the additional benefit of obtaining biopsies for diagnosis. EUS has an 82% sensitiv-
ity and a 92% specificity in identifying pNETs, although EUS is more sensitive in 
the head of the pancreas than the tail and results are operator dependent [72, 73]. 
EUS is most useful in identifying small insulinomas, as these lesions infrequently 
express somatostatin receptors and are not well visualized on SRS or PET. EUS has 
the added benefit of being able to tattoo smaller lesions for easier intraoperative 
identification, facilitating laparoscopic resection [73].

9.16  Surgical Management

9.16.1  General Principles for Surgical Management of pNETs

Pancreatic NETs should ideally be managed in a multidisciplinary setting. In choos-
ing the appropriate therapy, physicians should adopt an individualized, patient- 
focused medical management strategy at centers with an interest in the disease, 
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expertise in treating it, and a multidisciplinary approach to patient care. Surgery 
with curative intent should be considered in all cases if clinically appropriate and 
technically feasible. Enucleation for small (B2 cm) G1 pNETs is an acceptable 
approach. Larger G1 and G2 pNETs and NECs require the same oncologic princi-
ples as those applied to pancreatic adenocarcinomas.

9.17  Surgical Approaches

9.17.1  Functioning Disease

Functioning PNETs primarily include insulinomas and gastrinomas, with an inci-
dence of 70–80% and 20–25% of all PNETs and an incidence of malignancy of 
<10% and 50–60%, respectively [9]. Insulinomas are generally solitary, benign, 
and curable with surgery [74–76]. Recurrence after resection occurs in about 3% 
[77, 78]. The procedures of choice are enucleation for small and isolated insulino-
mas and partial pancreatectomy for large and potentially malignant insulinomas 
[143, 144]. Besides enucleation, middle pancreatectomy is an alternative 
parenchyma- sparing technique for this tumor entity [79]. Also, laparoscopic man-
agement of insulinoma in the body and tail of the pancreas, with distal pancreatec-
tomy or enucleation, is feasible and safe [80]. In the case of occult insulinoma, blind 
distal pancreatectomy should be avoided [81]. However, explorative surgery with 
intraoperative ultrasound may be indicated in cases where preoperative diagnostics 
could not reveal any pancreatic lesions, as this is an excellent method for identifying 
occult insulinoma [82]. Gastrinoma is associated with gastric ulcerations due to 
overproduction of gastrin [145]. The clinical presentation of gastrinoma is referred 
to as Zollinger-Ellison syndrome. With the introduction of proton pump inhibitors, 
which prevent ulcer formation, surgery changed from being symptomatic to cura-
tive treatment in patients with Zollinger-Ellison syndrome. All patients with 
Zollinger-Ellison syndrome without multiple neuroendocrine neoplasia type 1 or 
metastatic disease should be offered surgical exploration for a possible cure [146]. 
Routine use of duodenotomy in cases of pancreatic gastrinoma increases short- and 
long-term cure rates due to a higher detection rate of duodenal gastrinomas, as mul-
tiple gastrinomas are relatively common [147]. The incidences of other functioning 
PNETs, such as vasoactive intestinal peptide-producing tumors (VIPoma), gluca-
gonoma, and somatostatinoma, are very low. These patients should undergo tumor 
resection to correct the severe hormonally caused metabolic derangements.

9.17.2  Neuroendocrine Carcinoma

Neuroendocrine carcinomas (NECs) are defined as neuroendocrine tumors with a 
Ki-67 index above 20%, according to the WHO 2010 classification. Such tumors are 
highly malignant and typically invade adjacent structures or metastasize before the 
diagnosis is made [148]. NECs of the pancreas are very rare and account for only 
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about 2–3% of all PNETs [149, 150]. The outcome is generally poor and most 
patients die within 5 years after diagnosis [151]. However, curative resections have 
been reported in single cases [149]. Therefore, radical surgery should be attempted 
in  localized disease [152, 153], while surgery in metastatic disease is not 
recommended.

9.17.3  Locally Advanced Disease

Locally advanced disease extends beyond the limits of the pancreas directly into 
surrounding organs or tissue, involves regional lymph nodes, or fulfills both of 
these criteria. As many PNETs are nonfunctioning and slow-growing, a large pro-
portion of these present with locally advanced disease. Resection for locally 
advanced PNETs is in general technically feasible and can result in favorable dis-
ease-free and overall survival in selected patients [154]. However, most patients 
will develop recurrence [155]. When not operated, patients with locally advanced 
PNETs may suffer from complications related to local mass effect and infiltrative 
growth, including gastrointestinal bleeding, vascular/intestinal/biliary obstruction, 
and occlusion of the superior mesenteric (SMV) or portal vein (PV) [156]. Hill 
et al. found that resection of the primary tumor in patients with PNETs is associ-
ated with improved survival across all stages of disease [157]. Based on this, sur-
gery of locally advanced PNET without metastasis should be attempted. 
Interestingly, R1 resections of PNET are not associated with a worse overall sur-
vival compared to R0 resections [158].

9.17.4  Metastatic Disease

PNETs commonly metastasize to the liver. This is especially true for nonfunction-
ing tumors as these are generally diagnosed at a late stage. In selected patients, 
resection of the primary PNET in the setting of unresectable but limited hepatic 
metastases may be indicated [159, 160] as this may prolong survival [161, 162]. As 
mentioned earlier, it has been shown that resection of the primary tumor in patients 
with PNETs is associated with improved survival across all stages of disease. 
However, there is currently no clear answer to when and whether resection of the 
primary tumor should be performed in metastatic disease [163]. Surgical resection 
with curative intent or palliative debulking of more than 90% of liver metastases 
from nonfunctioning PNETs provides favorable oncologic outcomes, despite a high 
recurrence rate [164, 165]. Patients with metastatic disease in the liver may profit 
from liver resection with long-term palliation and possibly cure in one-third of the 
patients [166]. Number, size, and localization of tumor sites seem less important 
than performing a complete resection of metastatic tissue from PNETs [167]. 
Patients with hormonally active liver metastases without prior extrahepatic or syn-
chronous disease have the greatest survival benefit from surgery. Two-stage proce-
dures for synchronous bilobar liver metastases from NET, including portal vein 
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embolization, enable complete resection and good long-term outcome in selected 
patients [168]. Debulking extends survival although recurrence is expected [169, 
170]. Surgical treatment of metastatic PNET should be performed in specialized 
centers and managed with a multidisciplinary approach [171].

9.18  Technical Remarks

9.18.1  Resection Versus Enucleation

Standard surgical approaches to PNETs include pancreaticoduodenectomy and dis-
tal or subtotal pancreatectomy. Middle segment pancreatectomy is an alternative in 
the management of PNETs located in the neck or body of the pancreas [172]. A 
general risk of major pancreatic resections is functional impairment of the organ 
due to loss of parenchyma, resulting in exocrine and/or endocrine insufficiency. 
Thus, parenchyma-sparing surgical techniques should be attempted when possible. 
Enucleation is a feasible procedure for the radical treatment of benign and border-
line pancreatic neoplasms [173] and is associated with long-term survival, despite a 
relatively high risk of pancreatic fistula formation [174, 175]. Before enucleating a 
PNET, it is important to consider where the tumor is located in relation to the main 
pancreatic duct, as enucleations of tumors located very close to this may result in 
damage to the pancreatic duct and subsequent pancreatic leakage. Decisions regard-
ing enucleations are highly individual compared to standard resections, underlining 
the importance of treatment in experienced high-volume institutions. Tumor enucle-
ation is associated with shorter operative time, less intraoperative blood loss, and 
shorter hospital stay compared to pancreaticoduodenectomy and distal pancreatec-
tomy [173].

9.18.2  Open Versus Laparoscopic Surgery

Over the last decade, there has been a trend toward more parenchyma-sparing 
and minimally invasive techniques in the management of PNETs. This shift has 
not increased morbidity or compromised survival [176]. Laparoscopic surgery 
for small and solitary PNETs is feasible and safe [177, 178]. Advantages of the 
minimally invasive approach are less intraoperative bleeding [179], faster postop-
erative recovery [180], shorter hospital stay [181, 182], and improved cosmesis, 
compared to the open approach. Laparoscopic distal pancreatectomy (LDP) is 
today an established procedure at several institutions worldwide [183]. The pro-
cedure provides similar short- and long-term oncologic outcomes as open distal 
pancreatectomy and a selective use of it also seems to be a cost-efficient alterna-
tive to open distal pancreatectomy. LDP with preservation of the spleen is fea-
sible with a moderate risk of postoperative splenic infarction [184]. However, 
the significance of spleen preservation on oncologic outcome in patients with 
PNET remains unclear. Besides LDP of PNET in the pancreatic body and tail, 
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laparoscopic enucleation of nonfunctioning PNETs in the pancreatic head [185] 
and laparoscopic pylorus-preserving pancreatoduodenectomy are feasible pro-
cedures that can be considered in selected cases [186]. When performing lapa-
roscopic pancreatic surgery for PNET, intraoperative laparoscopic ultrasound 
should always be applied, as this allows safe tumor dissection and excision. If 
the tumor cannot be identified precisely by laparoscopic ultrasound, conversion 
to open surgery should be considered [187]. Laparoscopic pancreatic surgery 
demands a high level of surgical skills in minimally invasive surgery and should 
be performed in specialized centers [188].

9.18.3  Lymph Node Sampling

From studies performed on pancreatic ductal adenocarcinoma, it is known that 
lymph node status is an important prognostic factor in resectable disease [189, 
190]. This has also been demonstrated in studies on PNET, where lymph node 
ratio is a significant predictor of recurrence after curative resection for malignant 
PNETs [191], and lymph node metastases in PNETs are related to better survival 
[192]. In many surgical specimens of PNETs, lymph nodes are not evaluated by 
the pathologist [125]. This may result in understaging of patients with potentially 
inadequate resection. It is of great importance to know to what extent parenchyma-
sparing and minimally invasive pancreatic surgery can provide sufficient lymph 
node sampling for optimal oncologic outcome. When compared to open surgery, 
there are studies concluding with a clear limitation of LDP as well as studies con-
cluding with a comparable lymph node sampling after LDP.  Enucleations are 
associated with a low lymph node sampling rate compared with standard resec-
tions. Lymph node sampling should be performed routinely when performing 
parenchyma-preserving or minimally invasive removal for small PNETs, to avoid 
understaging. Moreover, frozen section examination should be performed, and 
when malignancy is confirmed, oncologically appropriate lymph node dissection 
is recommended.

9.18.4  Vascular Reconstruction

Surgery for locally advanced PNETs with vascular involvement is controversial. 
Vascular reconstruction has already been established in the treatment of locally 
advanced pancreatic adenocarcinoma [193]. Several case reports [194, 195] suggest 
that a similar approach is feasible and beneficial in selected patients with PNETs. In 
most cases, even if the radiological evaluation suggests vascular involvement and at 
surgery the PNET is found to partially encase or involve the vessel, the tumor can 
be removed with careful dissection without requiring vascular reconstruction. 
Conventional contraindications to surgical resection of pancreatic malignancy, such 
as superior mesenteric vein invasion, should be reconsidered in patients with locally 
advanced PNETs [196].
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9.19  Medical Management

In addition to surgery, diverse types of medical treatment are used in the manage-
ment course for patients with pancreatic NETs as well as gastrointestinal NETs. The 
main aim of the treatment should be clearly defined before choosing treatment; 
there are two main aims of treatment: to ameliorate hormonal symptoms and to 
improve the survival. Observation without any agents might be the best manage-
ment for patients with stable disease for a long time or the elderly patients.

9.19.1  Medical Treatment of Functioning Pancreatic NETs

In patients with functioning NETs, medical management can often provide release 
symptoms by inhibition of the secretion of bioactive agents. Administration of 
diazoxide [197, 198] or long-acting somatostatin analogs (octreotide, lanreotide) 
[199, 200] can control hypoglycemic symptoms in about 50% of patients with insu-
linoma. Histamine H2-receptor antagonists and proton pump inhibitors can control 
the acid hypersecretion in most patients with ZES [201]. For patients with other 
functioning pancreatic NETs, long-acting somatostatin analogs are generally suc-
cessful in the initial management [202, 203].

9.19.2  Medical Treatment with Molecular-Targeted Therapy

Tumor grading is paramount for selecting patients who should receive chemother-
apy, and platinum-based chemotherapy is recommended in patients with NEC G3 
[204]. In some patients with NET G1/G2, molecular-targeted treatment or chemo-
therapy may provide a benefit. The European Society for Medical Oncology 
(ESMO) 2012 guidelines recommended use of molecular-targeted agents in 
advanced pancreatic NETs G1/G2 [205]. According to the North American 
Neuroendocrine Tumor Society (NANETS) guidelines, the level of recommenda-
tion is listed as “consider” to use of everolimus in metastatic functioning NETs 
because there has been no sufficient evidence to recommend routine use of it [206]. 
Everolimus, an oral inhibitor of mammalian target of rapamycin (mTOR) [207], and 
sunitinib, an inhibitor of VEGF and platelet-derived growth factor receptors [208], 
are now registered worldwide for the treatment of pancreatic NETs. These two 
agents have similar tumor-stabilizing effects in pancreatic NETs. Since there has 
been no trial that compared the two agents directly, choice of the agent in each case 
could be suggested in perspective of side effects. For example, in patients with 
poorly controlled hormonal symptoms, congestive heart failure, poorly controlled 
hypertension, high risk of gastrointestinal bleed, or a history of myocardial infarc-
tion or stroke, everolimus is thought to be the preferred agent of choice. In patients 
with poorly controlled diabetes mellitus, pulmonary disease, or high risk of infec-
tion, sunitinib would be a more appropriate choice [209]. To evaluate the response 
of these agents, several biomarkers have been investigated. It has been suggested 
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that chromogranin A and neuron-specific enolase are useful as prognostic markers 
in patients with advanced pNET treated with everolimus [210]. Soluble vascular 
endothelial growth factor receptor 2 and 3, interleukin-8, and stromal cell-derived 
factor 1-alpha have been reported to have a potential as biomarkers associated with 
response to sunitinib.
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10.1  Introduction

Over recent decades, the percentage of elderly people in the world’s population has 
progressively increased, and while representing percentages in the order of 5% in 
countries with high population growth, such as Brazil and China, it reaches percent-
ages of approximately 20% in countries such as Germany, Japan, and Italy as well.

For many patients, in particular for esophageal cancer, surgery is still the main 
treatment. Esophagectomy is the major surgical procedure although burdened by a 
high incidence of morbidity and mortality.

However, the effect of age on the outcome of these patients is still controversial. 
In the early 1990s, Fentiman (1990) published an interesting review in the Lancet 
analyzing the treatment of older oncological patients showing that these patients 
received treatments, both medical and surgical, that were considered suboptimal. 
That observation, according to the author, was secondary to the fact that these 
patients presented a reduced long-term survival and that the procedures to which 
they were subjected had a high postoperative mortality and morbidity [1, 2].

Over the last decades, however, this trend has been significantly reversed, and at 
the root of these changes, there is evidence that not all elderly patients have the 
same surgical risk. The wider clinical heterogeneity of over 65-year-old subjects, in 
fact, even with an equal chronological age, requires that eligibility for a particular 
type of antineoplastic treatment should not rely solely on the registry data.
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These considerations have allowed recruitment of a greater number of fit for 
surgery older patients demonstrating, in recent years, a morbidity and postoperative 
mortality comparable to those of young patients [3–5].

10.2  Epidemiology and Risk Factor

Over the last decades, esophageal tumors have shown a significant increase in inci-
dence around the world, and the demographical increase in elderly patients, also in 
relation to higher life expectancies, has led to an increase of over 65-year-old 
patients coming to the observation suffering with cancer.

In the 1960s the incidence of esophageal adenocarcinoma (EAC) began to 
increase, and in the 1990s esophageal cancer was predominant in the USA, but, 
worldwide, the squamous cell carcinoma (SCC) is still predominant [5, 6]. These 
differences in incidence are to be related to different ethnic groups, different geo-
graphical areas, genetic factors, and lifestyles that all seem to play a fundamental 
role in the development of the EAC or SCC [7–9].

In particular, SCC is predominant in East Asia, Eastern and Southern Africa, and 
Southern Europe.

Tobacco is the major cause of SCC, and the risk of SCC is higher in current 
smokers and those who smoked >30 packs/year [10].

Other important risk factors are alcohol consumption, and it has been 
observed that more than 170 g of alcohol intake per week increases the risk of 
SCC [11].

Gastroesophageal reflux disease (GERD) is not clearly associated with SCC nor 
body mass index (BMI), but BMI is associated with high blood pressure, and this 
correlates to an increased risk of SCC [12].

EAC is predominant in Northwestern Europe and North America and shows a 
high incidence in the UK, France, Ireland, and the Netherlands [13].

Several risk factors participate in the development of EAC but first of all 
GERD. Symptoms of GERD that occur weekly increase the risk of EAC by approx-
imately fivefold. GERD is associated to EAC through a cascade of events that lead 
from erosive esophagitis to Barrett’s esophagus [14, 15], but not all the cohort of 
Barrett patients develop EAC probably because this evolution occurred in predis-
posed subjects [16, 17].

BMI is associated with an increased risk of EAC, and the risk increases propor-
tionally to BMI probably because obesity increases hiatal hernia, GERD, and the 
incidence of Barrett’s esophagus [18].

Smoking is a risk factor for the development of both Barrett’s esophagus and 
EAC, and continuing to smoke increases the risk of EAC by about twofold [19].

All correlations between risk factors and esophageal cancer are summarized in 
Table 10.1.
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10.3  Symptoms

In the early stage, unfortunately esophageal cancer is poorly symptomatic, and 
when symptoms occur, the cancer is in an advanced stage. In any case, the typical 
symptom of esophageal cancer is dysphagia, and initially it is experienced when 
ingesting solid food but eventually progresses to include liquids. This symptom is 
typically localized in the neck only when the cancer is cephalic, but when the cancer 
occurs in the distal esophagus, the patient is not usually able to localize the site 
describing difficulty in a point as far cephalic as the sternal notch.

Besides dysphagia, esophageal cancer may present unexpected weight loss 
which represents the second most common symptom and occurs in more than 50% 
of patients.

Bleeding, epigastric or retrosternal pain, hoarseness caused by invasion of 
the laryngeal nerve, and a persistent cough represent other symptoms of esopha-
geal cancer, and they are correlated with advanced disease. In fact, less than 
25% of patients with esophageal cancer have localized disease at the time of 
presentation [20].

10.4  Preoperative Assessment

The management of esophageal cancer is mainly based on exhaustive preoperative 
assessment, and in particular in elderly patients, the accuracy of diagnosis and stag-
ing is as important as the evaluation of the performance status of the patients.

In fact, there were no significant differences in tumor location and size, histo-
logical type, and differentiation between the elderly and younger patients [21], but 
the differences in postoperative morbidity and mortality were related to the perfor-
mance status of patients and the presence of many comorbidities [22].

Table 10.1 Risk factor 
related to squammous cell 
carcinoma (SCC) and 
adenocarcinoma of the 
esophagus

SCC ADC
Tobacco +++ ++
Alcohol +++ – – –
Barrett’s esophagus – – – ++++
Weekly reflux – – – +++
Obesity – – – ++
Achalasia +++ – – –
Caustic lesions ++++ – – –
Plummer-vinson syndrom ++++ – – –
Head and neck cancer ++++ – – –
RT For breast cancer +++ +++
Hot drink + – – –
Poor life condition ++ – – –
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The procedure for identification of elderly people at higher risk is not yet stan-
dardized. The impairment of the muscular and nervous systems resulting in impaired 
motor function of the lower limbs appears to be a determining factor. The events 
triggering disability can be varied and include a reduction in lean body mass, poor 
nutrition, cognitive impairment, lack of social support, immobilization, acute dis-
eases, and aggressive treatments [4].

In geriatric oncology there is an operational definition of frailty given by Balducci 
that can be obtained when one or more of the following parameters are present: the 
presence of at least one geriatric syndrome and/or dependence in at least one ADL 
and/or >3 comorbidities and/or age > 85 years.

The evaluation of the performance status of the elderly patient (Karnofsky score, 
ECOG score, EHO score, Lansky score) must also be associated to a series of 
parameters such as cognition, emotional condition, geriatric syndromes, nutrition, 
the use of drugs, socioeconomic conditions, and finally, but no less important, the 
evaluation of lung, kidney, and heart function and the presence of any additional 
comorbidities. Still today, though, conventionally and widely used in the literature, 
the elderly are defined as patients over the age of 70 years, and yet there are few 
trials that evaluate the elderly not in relation to the anagraphical age but to the bio-
logical age that helps to classify these patients as fragile and non-fragile, the latter 
with a significantly higher life expectancy than those classified as fragile [23].

Both in elderly and younger patients, a proper diagnosis and staging is manda-
tory for the planning of the most suitable therapeutic strategy, and it appears to be 
the main key to decreased morbidity and improved long-term survival.

The endoscopy with biopsy is the gold standard for diagnosis. In particular, it is 
able to show localized tumors and to detect the tumor’s location and the proximal 
and distal extents of the mass and their relationship to the cardias. In fact, according 
to the Siewert classification, type 1 and 2 tumors are treated as esophageal tumors 
and type 3 as gastric tumors.

EUS is more accurate than cross-sectional imaging techniques (CT or PET) to 
assess the depth of invasion (T status), but for superficial cancer (T1a or T1b), EUS 
can over-stage the lesion, and for T1b tumors, where endoscopic treatment should 
be indicated, the endoscopic mucosal resection (EMR) should be included in the 
staging [24]. EUS associated to fine needle biopsy is the best modality for assessing 
involvement of loco-regional lymph nodes [25]. EUS shows limits in the assess-
ment of tumors with strictures that prevent passage and in the posttreatment (CRT) 
assessment due to fibrosis.

In the assessment of esophageal tumors, there are numerous imaging techniques, 
and their role is to study and to stage distant metastasis. In particular, CT scan is 
used to study thoracic and abdominal metastasis and associated to positron emission 
tomography (PET) can detect more accurately the distant metastasis, but this tech-
nique shows less sensitivity to study low-depth invasion (T1a or T1b) compared to 
EUS [26]. PET is also used to evaluate posttreatment reassessment and to appraise 
the response to neoadjuvant therapy [27].

To detect brain metastasis, MRI should be considered because PET/CT is not 
effective for studying tissue with high glucose uptake.
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In the study of patients with esophageal cancer, diagnostic laparoscopy has a role 
in directing patients with subcarinal tumors to chemotherapy [28], particularly those 
with liver subcapsular metastases and/or peritoneal carcinomatosis [29].

For retrocarenal neoplasms, the tracheobronchoscopy allows patients to be excluded 
from surgery in which radical resection (R0) would be scarcely attainable and admits a 
significant number of patients to be directed to neoadjuvant therapy [30].

10.5  Staging

Staging is an essential prerequisite for the long-term success of the therapy and in 
particular of surgical therapy, and proper staging is intended to exclude patients 
with metastatic disease from surgery and identify subgroups for adjuvant or neo-
adjuvant therapy, ensuring comparability of case studies and quality controls for 
clinical trials.

Proper staging is the most important factor in improving long-term survival in 
patients with esophageal cancer because the treatment options are mainly driven by 
the stage of the disease. In fact, if intramucosal tumors (T1a) have a small percent-
age of or no lymph node invasion, this percentage increases significantly for tumors 
that invade the deeper layers (T1b).

From the anatomical, topographical, and endoscopic point of view, the esopha-
gus is divided into cervical esophagus, thoracic esophagus (upper-middle-lower), 
and gastroesophageal junction (crossing point between squamous epithelium and 
glandular epithelium).

The latter, from the anatomical and topographical point of view, according to the 
classification of Siewert, is divided into three types [31]:

• Type 1: the center of the tumor is located at 1–5 cm above the cardias.
• Type 2: the center of the tumor is located between 1 cm above and 2 cm below 

the cardias.
• Type 3: the center of the tumor is localized to 2–5 cm below the cardias.

Siewert type 1 and type 2 should be classified and staged as esophageal tumors, 
and type 3 should be classified and staged as gastric cancers.

The esophageal wall is composed of successive layers, the mucosa, consisting in 
turn of epithelium, lamina propria, and muscularis mucosae; the submucosa, which 
is separated from the mucosa by a layer called the basal membrane; the muscularis 
propria; and, more externally, the adventitia.

The EAC and SCC are staged according to the AJCC (American Joint Committee 
on Cancer). This staging system, updated in 2010 (seventh edition), for the first time 
stages esophageal adenocarcinoma and squamous cell carcinoma separately [32] 
(Table 10.2a, b).

Neoplasms affecting mucosal layers are defined as intramucose and represent the 
T1a, and those invading the submucosa represent T1b. Invasion reaching the deeper 
layers is classified into T2 when they invade the muscularis propria and in T3 when 
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they exceed the adventitia. As for the tumors classified as T4, i.e., malignancies that 
invade organs or periesophageal structures, they should be divided into T4a when 
they invade structures such as the pleura, pericardium, or diaphragm; despite the 
invasion of adjacent structures, they can still be regarded as potentially resectable 
and divided into T4b, i.e., neoplasms that affect structures, such as the aorta, verte-
bral bodies, or trachea, which therefore are not resectable.

10.6  Treatment Option

Although in the last few decades, there has been an increase in long-term survival 
for cancer of the esophagus, for patients treated, altogether it still stands at around 
20% at 5 years, and, unfortunately, more than 50% of the patients who come to 
observation present with locally advanced or non-resectable tumors [33]. The aging 
of the population and a longer life expectancy have led to a significant increase in 
elderly patients being referred for treatment.

For these reasons the multimodality therapy has become the foundation for treat-
ment of the majority of patients with cancer of the esophagus and cardias. The treat-
ment approach depends on several factors and requires a team of specialists 
including gastroenterologists, pathologists, radiologists, surgeons, oncologists, 
radiotherapists, and also nutritionists and support staff. The right treatment strategy, 
therefore, must be guided by the stage of disease and the patient’s condition, and as 
previously highlighted, the treatment options can range from endoscopic treatment 
for early-stage cancer, multimodal treatment for locally advanced or metastatic, up 

Table 10.2 AJCC classification of squamous cell carcinoma (a) and adenocarcinoma of the 
esophagus (b) according to 7th edition 2010

(a) Squamous cell carcinoma (b) Adenocarcinoma

Stage T N M Grade
Tumor 
location Stage T N M Grade

0 Tis (HGD) N0 M0 1 Any 0 Tis (HGD) N0 M0 1
IA T1 N0 M0 1 IA T1 N0 M0 1–2
IB T1 N0 M0 2–3 Any IB T1 N0 M0 3

T2-3 N0 M0 1 Lower T2 N0 M0 1–2
IIA T2-3 N0 M0 1 Upper, 

middle
IIA T2 N0 M0 3

T2-3 N0 M0 2–3 Lower IIB T3 N0 M0 Any
IIB T2-3 N0 M0 2–3 Upper, 

middle
T1-2 N1 M0 Any

T1-2 N1 M0 Any Any IIIA T1-2 N2 M0 Any
IIIA T1-2 N2 M0 Any Any T3 N1 M0 Any

T3 N1 M0 Any Any T4a N0 M0 Any
T4a N0 M0 Any Any IIIB T3 N2 M0 Any

IIIB T3 N2 M0 Any Any IIIC T4a N1-2 M0 Any
IIIC T4a N1-2 M0 Any Any T4b Any M0 Any

T4b Any M0 Any Any Any N3 M0 Any
Any N3 M0 Any Any IV Any Any M1 Any

IV Any Any M1 Any Any
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to salvage therapies for relapsing tumors or, finally, purely palliative for non- 
resectable tumors or for patients unfit for surgery or unfit for CT and/or RT.

10.6.1  Chemotherapy and Radiotherapy

Studies of analysis of the results of chemotherapy and radiotherapy in esophageal 
cancer are often characterized by difficulties in interpretation dependent on heteroge-
neity of the histological types in the different case studies, such as patient selection, 
difficulty to attribute the primitiveness (esophageal or gastric) to adenocarcinomas of 
the junction, different surgical techniques adopted, response criteria, different radio-
therapy schedules (doses and fractionation), and different chemotherapy regimens.

Numerous studies, recent guidelines and in particular clinical trials, show that 
the sole use of chemotherapy or, worse still, radiation therapy alone has little or no 
success in the treatment of esophageal cancer compared to surgery alone [34, 35].

On the contrary, many reviews on clinical trials published over the last 20 years 
have shown that unlike the sequential use, the combined use of chemotherapy and 
radiotherapy before surgical treatment (neoadjuvant trimodality therapy) indicated 
that this protocol is important to understage disease and optimize surgery [36], and 
it also leads to the optimization of benefits of each treatment reducing the cancer 
burden, removing persistent microscopic disease after chemoradiation, and increas-
ing pathologic complete resection rate with negative circumferential margins, and it 
has an adjuvant effect on micrometastatic disease with pathological complete 
response (pCR) ranging from 20 up to 40% (Table 10.3); in fact, it is the latter that 
is the most important prognostic factor. Obtaining a complete pathologic response is,  

Table 10.3 Summary of the most important articles comparing CRT and surgery vs surgery alone

Authors Treatment Pts (N) RT (Gy)
R0 rate 
(%)

pCR 
(%)

Survival
Median 
(mo) Overall

Walsh Cisplatin/5-FU 58 40 NS 25 16 3-Y 32%
Surgery 55 11 3-Y 6%

Urba Cisplatin/5-FU/Vnb 50 HFX, 45 45 24 16,9 3-Y 30%
Surgery 40 45 17,6 3-Y 6%

Bosset Cisplatin 143 SC, 37 26 18,6
Surgery 139 18,6

Burmeister Cisplatin/5-FU 128 35 80 16 22,2 NS
Surgery 128 59 27,3 NS

Lee Cisplatin/5-FU 51 HFX, 
45,6

68 43 28,2 2-Y 49%

Surgery 50 84 27 2-Y 57%
Tepper Cisplatin/5-FU 30 50,4 NS 40 54 5-Y 39%

Surgery 26 21,6 3-Y 16%
van Hagen Carboplatin/Ptx 175 41,4 92 29 49 3-Y 59%

Surgery 188 69 24 3-Y 48%

Modified from Orditura et al. [36]
5-FU Fluoruracil, Vnb Vinorebine, Ptx Paclitaxel, SC Short Course, HFX Hyperfractionated

10 Esophageal Cancer



168

in fact, the main goal of neoadjuvant therapy and is the prerequisite for control of 
the disease over time.

In the study CROSS, published in 2012, which used a scheme with carboplatin and 
weekly paclitaxel combined with RT 41.4Gy, survival was superior to that with surgery 
alone. More specifically, in patients with unresectable carcinoma (T2-3N0-1M0) of the 
esophagus and gastroesophageal junction (75% AC, 23% SCC), the preoperative 
chemoradiotherapy branch showed statistically significant benefits compared to surgery 
alone with a survival average (49 vs. 24 months), short- and medium-term survival (47 
vs. 34% at 5 years), and surgical radical R0 resection (92 vs. 69%). The complete patho-
logic response was greater for patients with squamous cell carcinoma compared to that 
obtained in adenocarcinomas (49 vs 23% p = 0.008), but the histological type was not a 
prognostic factor for survival. Although combined chemoradiotherapy treatment was 
generally well tolerated (toxicity gr. 3–4 23%), it should be pointed out that the average 
age of the patients corresponded to 69 years (range 36–79 years), and also not having 
been conducted a specific sub-analysis by age group, it is therefore complex to general-
ize the efficacy, results, and tolerability in the elderly population [37].

Patients with good performance status with adenocarcinoma of the esophagus 
and gastroesophageal junction may be referred to a three-drug chemotherapy treat-
ment, adding epirubicin or a taxane to a brace cisplatin (oxaliplatin) and fluorouracil 
(oral fluoropyrimidine).

The most used protocols (level of evidence 1 ++) are represented by cisplatin 
75–100 mg/m2, fluorouracil + 750–1000 mg/m2 continuous infusion × 96 h every 
28 days concomitant with radiotherapy 50–50.4 Gy (1.8 Gy/die−2 Gy/day) [36], or 
carboplatin AUC 2  +  paclitaxel 50  mg/m2 weekly  ×  5  weeks concomitant with 
radiotherapy 41.4 Gy (1.8 Gy/day) [37].

Finally, there are many new chemotherapeutic agents that might play a role in the 
control of micrometastases including paclitaxel, irinotecan, and gemcitabine that 
are also potent radiation sensitizers.

10.6.2  Target Therapy

At present, new medical treatment modes are being evaluated to improve long-term 
survival through the use of monoclonal antibodies. In particular, encouraging results 
have been reported from the use of antibodies to the VEGF ligand, Anti-HER2, and 
TK1s [38].

10.6.3  Esophagectomy

Surgery is the main option to get local control of the disease, and the esophagec-
tomy represents the best chance for treatment in  localized and locally advanced 
tumors [47] although it appears to be still one of the more difficult operations and 
still burdened by significant postoperative mortality.

Progress in pre-, intra-, and postoperative managing has significantly improved 
results in terms of morbidity and mortality. The improvement of anesthetic 
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techniques, adequate preparatory and intraoperative assessment, and better postop-
erative pain control have certainly increased the number of patients, especially the 
elderly, eligible for surgical therapy. Though, in relation to younger patients, the 
number of fit-for-surgery elderly patients is still significantly lower, this is related 
to the fact that eligibility for esophagectomy must consider several parameters, in 
particular the presence of comorbidities that are significantly greater in elderly 
patients.

Although the role of surgery appears to be clear, there is still debate on what is 
the most appropriate surgical treatment, particularly for elderly patients, and, for 
esophageal resection, several approaches have been described.

The surgical procedures for esophagectomy are represented by:

 – Transhiatal esophagectomy which requires abdominal access and a neck inci-
sion. The esophagus is mobilized and prepared, abdominally through the esopha-
geal hiatus the medial and lower portion of the esophagus and the upper portion 
of the neck. An anastomosis is performed in the neck. This procedure has the 
disadvantage of not allowing a perfect exposition of the medial esophageal can-
cer and does not guarantee a complete lymph node dissection in the chest.

 – Tri-incisional esophagectomy provides in addition to the transhiatal esophagec-
tomy a thoracic access to adequately prepare the medial esophagus and a large 
thoracic lymphadenectomy.

 – Abdominothoracic esophagectomy (Ivor-Lewis procedures) implies an abdomi-
nal phase to prepare the esophagus and a left thoracotomy for preparation of the 
thoracic esophagus to the superior segment where the anastomosis is performed. 
Thanks to this procedure is possible to have a good mediastinal lymphadenec-
tomy, a good exposure of the tumor, and provides intrathoracic anastomosis. 
Minimally invasive esophagectomy (MIE) has recently been proposed requiring 
an Ivor-Lewis procedure to be performed with laparoscopic access for abdomi-
nal phase and a thoracoscopic access to the thoracic phase.

Which approach is chosen depends on tumor location and the surgeon’s ability to 
obtain a curative R0 resection and adequate lymphadenectomy. In fact, some authors 
propose transhiatal esophagectomy as the treatment of choice for older patients 
because it ensures lower morbidity and better short-term results; others, on the con-
trary, prefer to extend esophagectomy with a two-field lymphadenectomy in all 
patients with cancer of the esophagus in order to achieve maximum cancer control 
and reduce the risk of local recurrence, although there is no level 1 evidence that any 
of these different approaches increases survival time [39].

Many studies, homogeneous in terms of patients analyzed, showed that the 
elderly (i.e., patients aged >70 year) have a higher morbidity and mortality than 
younger patients (Table  10.4) but, adjusted for comorbidities, the outcomes are 
similar across the group with no significant differences in morbidity and in mortal-
ity rate [5].

Another topic that was discussed and is still discussed is how much the lymph-
adenectomy (i.e., two- and three-field lymphadenectomy) should be extended. The 
CROSS trial [37] showed that patients treated with surgery alone had a better 
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long- term survival when a more extensive lymph node dissection was carried out, 
but as evidenced by Noordmann and Van Lanshot, advantage was annulled in 
patients treated with neoadjuvant therapy. At present, according to the most recent 
guidelines, adequate lymph node dissection should include at least 18 negative 
nodes with a total number of lymph nodes removed >25 [40].

10.7  Treatment Decision

Proper treatment planning for cancer of the esophagus is influenced by numerous 
factors represented in the first instance by the stage, grading, and location of the 
tumor and, in the case of elderly patients, the patient’s general condition and the 
presence of comorbidities taking a role of primary importance to the operability of 
the patient and postoperative outcome.

The most appropriate treatment protocol must first of all take into account the 
involvement of the wall which appears to be strongly associated with the presence 
of lymph node involvement and distant metastases in order to plan the most appro-
priate therapeutic approach which would guarantee the best results in terms of mor-
bidity and survival in relation to the patient’s performance status (Figs. 10.1, 10.2, 
and 10.3).

Table 10.4 Results of Esophagectomy in the elderly and Young patients: Summary of some of the 
most important articles

Author
Age 
(years)

No. of 
patients Morbidity (%)

30-day 
mortality 
rate (%)

In-hospital 
mortality 
rate (%)

Overall 
survival 
rate (%)

Ellis >70 147 37.5 4.5 5.3 24.1
<70 358 32.3 1.25 2.4 22.4

Alexiou >70–86 186 34.4 – 6.4 21.2
<70 337 24.7 – 4.7 25.1

Poon >70 167 >39.5 7.2 18.0 26.0
<70 570 >28.1 3.0 14.4 35.0

Joungon >70 89 24.7 – 7.5 13.3
<70 451 26.8 – 5.3 20.7

Thomas >70 56 50.0 8.9 10.7 17.0
<70 330 57.3 7.9 11.2 18.9

Naunheim >70 38 68 – 18 13
Fang >70 79 65.8 3.3 8.9 40.9

<70 362 61.6 0.3 3.8 48.1
Morita >80 16 25 0 0 9

70–79 158 42 8 2 28
<70 494 32 7 3 39

Moskovitz >80 31 >32 – 6 16.8 mo
70–79 207 >22 – 15 29.1 mo

Ruol >70 165 49.1 1.9 1.9 35.4
<70 599 48.6 1.9 2.7 33.6

Alibakhshi >70 165 23.5 3
<70 315 22.1 2.8

Modified from Alibakhshi et al. [57]
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Fig. 10.1 Treatment protocol for stage IA-IIB squammous cell carcinoma (a) and Adenocarcinoma 
(b) tumors in Patients in poor clinical condition (ECOG>2) unfit for surgery 

10.7.1  Intramucosal Tumor (Tis–T1a)

The intramucosal tumors have an extremely low nodal spread estimated at between 
0 and 2%, unlike T1b tumors that can present a nodal involvement at more than 20% 
[40]. Given the low propensity of lymph node involvement of the intramucosal can-
cer, endoscopic treatment can find a potentially curative role.

Endoscopic treatment is mainly represented by the endoscopic resection that can 
be made either by band ligation methods, cap-and-snare methods, or with endo-
scopic submucosal resection (ESR). Other endoscopic techniques are represented 
by radiofrequency ablation (RFA), argon plasma coagulation (APC), and photody-
namic therapy; nowadays, there are no reliable data on the real advantage of one 
technique over the other [41].
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According to the most recent guidelines, in relation to the low sensitivity of EUS 
to accurately discriminate between lesions T1a and T1b, submucosal endoscopic 
resection appears to offer the greatest benefits for these tumors, in particular in 
elderly patients, and, in addition, offers a histological sample useful in accurately 
assessing the margins of resection and the real depth of invasion of the esophageal 
wall [42]. In case of high-grade dysplasia (HDG) in Barrett’s esophagus, ESD 
should always be followed by a complete eradication of Barrett because it is shown 
that patients with Barrett who developed adenocarcinoma, if not eradicated, will 
develop a relapse in about 30% of cases [43, 44].

Fig. 10.2 Treatment protocol for stage IA-IIB squammous cell carcinoma (a) and Adenocarcinoma 
(b) resectable tumors in Patients in good clinical condition (ECOG<2) fit for surgery
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Furthermore, according to recent guidelines, for patients fit for surgery, in good 
clinical condition, esophagectomy has an important role in the curative treatment of 
these malignancies, particularly when associated with motor abnormalities [45, 46].

10.7.2  Invasive Cancer (T1b–T2)

Invasive tumors, meaning those tumors involving the submucosa (sm T1b 1–3) and 
extending to the muscularis propria without exceeding it (T2) unlike intramucosal 
lesions, have a significantly higher percentage of lymph node involvement that can 
vary from 20 to 50% [40–46].

T1b lesions sm1 G1 can find a valid therapeutic option in ESD that can also be 
applied in combination to adjuvant therapy in fit-for-CRT patients but who are 
unfit for surgery [47–49]. In lesions sm 2–3, which may present even greater 
lymph node involvement, the esophagectomy in patients fit for surgery remains 
indicated [40].

The invasion of the submucosal layer by the tumor is, therefore, to be considered 
an indication for esophagectomy and should be addressed directly to surgery, even 
in patients where the EMR was found to be incomplete or not executable. We must 
also consider that patients with T2 tumors are upstaged in more than 60% of the 
cases. For these patients and for patients properly staged, surgical therapy may be 
considered as the definitive treatment, while understaged patients should be directed 
to an adjuvant therapy [50].

Fig. 10.3 Treatment protocol for locally Advanced disease, partially reswctable (stage IIIA-IIIC) 
squammous cell carcinoma and Adenocarcinoma in Patients in good clinica condition (ECOG<2) 
fit for CT/RT and surgery
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10.7.3  Locally Advanced Tumor (T3–T4)

Locally advanced tumors are considered tumors whose wall invasion is invasion of the 
adventitia (T3) and up to tumors that exceed the adventitia and are infiltrating the 
pleura, pericardium, or diaphragm but are still resectable (T4a) or malignancies with 
involvement of locoregional lymph nodes T1 with a wall involvement in T4a. These 
malignancies still represent the majority of cancers in patients who seek treatment, 
especially elderly patients who, very often, do not fall into public screening programs.

These malignancies, either squamous or adenocarcinoma tumors, still present 
margins for resectability and find the best treatment in esophagectomy with radical 
lymphadenectomy in order to get local control of the disease. Unfortunately, per-
formed in the first instance, this is still burdened by a poor long-term survival and 
significant local recurrence. In addition, elderly patients are especially burdened by 
high perioperative morbidity and mortality [51].

Numerous studies in the literature have evaluated the disease-free survival time and 
long-term survival, comparing patients treated with surgery alone and patients treated with 
surgery preceded by neoadjuvant therapy whether CT or RT. Patients undergoing neoad-
juvant treatment present a long-term survival and a rate of R0 resections significantly 
greater than in patients treated with surgery alone. In particular, numerous studies have 
shown that long-term survival is significantly increased in patients treated with CRT fol-
lowed by surgery and that the complete pathologic response highlighted in the histological 
examination was found to be the most important positive prognostic factor [52, 53].

In SCC, in the evidence of a pCR, CRT treatment could be considered as defini-
tive therapy in elderly subjects. As reported in a recent retrospective study con-
ducted in China on patients with esophageal squamous cell carcinoma of 
age > 70 years undergoing chemoradiotherapy, an average survival of 22.3 months 
with toxicity gr. 3–4 only in 17% of cases was observed [34].

10.7.4  Metastatic Disease or Unresectable Cancer

In patients that cannot be treated in a curative manner with surgery or cannot undergo 
surgery, CRT or CT is the definitive therapy. In these patients, it was observed that 
the combination of chemotherapy and radiotherapy offers, compared to the standard 
chemotherapy, survival rates of approximately 15% at 5 years [34–54].

Endoscopic treatment in these patients takes on a purely palliative intent and may 
consist of expansion (with balloon or bougie) to improve dysphagia or, when pos-
sible, endoscopic resection which in addition to improving dysphagia can allow the 
placement of stents [55, 56].

 Conclusion
Esophageal cancer is still a leading cause of cancer-related death in the world, 
and, in recent decades, the increase in life expectancy has led to a significant 
increase of elderly patients with cancer of the esophagus or cardia being referred 
for treatment.
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Even today, however, most of the patients, especially the elderly, who are first 
observed, present metastatic or locally advanced malignancies, and this figure 
has emphasized the need for a multimodal approach to this pathology for a sig-
nificant improvement of survival, although, at present, it still amounts to approx-
imately 20% at 5 years [33].

For the therapeutic schedule, appropriate timing for the patient and a correct 
preoperative staging are fundamental to predict long-term survival.

Endoscopic techniques, which represent the gold standard in the diagnosis of 
esophageal lesions (EGD and EUS), are also useful in pure palliation particularly 
to improve dysphagia (balloon, bougie, stent). With therapeutic intent, however, 
endoscopic methods are indicated, represented mainly by endoscopic mucosec-
tomy, in intramucose or in HGD lesions of Barrett with good results in terms of 
survival and excellent results on quality of life.

Surgery is still the treatment of choice for patients with cancer of the esopha-
gus or esophagogastric junction and, despite being one of the most challenging 
in cancer surgery, when performed by experienced surgeons and centers with 
large volumes, with proper indication and in selected patients, offers definite 
advantages in the local control of the disease and quality of life of patients with 
an acceptable morbidity and mortality.

In addition, with the improvement of anesthetic techniques and postoperative 
pain control and, especially, the introduction into clinical practice of assessing 
the “fragility” of the elderly patient, it has allowed the enlistment, even in aggres-
sive treatment protocols, of a growing number of elderly patients with results in 
terms of morbidity (especially pulmonary complications) and mortality, similar 
to those of younger patients [5–57].

In the literature, there is no evidence of benefits in terms of long-term survival of any 
particular surgical technique compared one with the other, but certainly in the last few 
years, a minimally invasive approach, in particular, the Ivor-Lewis, can offer advan-
tages in terms of recovery and postoperative morbidity while respecting the fundamen-
tal surgical radicality parameter in improving the long-term survival of these patients.

Certainly, an R0 resection and lymphadenectomy with removal of at least 18 
negative nodes would seem to offer better survival than in patients with fewer 
blocks of lymph nodes [58].

Neoadjuvant chemotherapy is the main cornerstone in improving the outcome 
of patients with SCC and AEC, locally advanced and especially in metastatic 
cancer or in patients unfit for surgery. In the latter, it is the definitive therapy 
allowing, in the case of disease recurrence, the possibility to make a salvage 
esophagectomy however, this is also burdened by a significantly greater morbid-
ity and mortality than elective surgery.

Latest chemoradiotherapeutic protocols represented by the combination of cis-
platin or its derivatives in combination with fluorouracil represent the reference 
regimen for both histologies, squamous and adenocarcinoma. Their use in neoad-
juvant treatments has certainly resulted in improved survival rate not only helping 
to understage disease and optimize surgery but, above all, increasing the rate of 
complete pathological response that, at present, is the most important prognostic 
factor in increasing disease-free survival and the overall survival rate [59, 60].
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Finally, the study of monoclonal antibodies might allow the planning of a 
tailored therapy, in patients with genetically mutated receptors, and represent, as 
it does now for colorectal and lung cancers, the future therapeutic strategy for 
locally advanced esophageal cancer.
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11Cancer of the Stomach

Roberto Vergari, Vanessa Polenta, and Cristina Marmorale

11.1  Epidemiology

In recent decades, socioeconomic habits and new medical knowledge have improved 
average life expectancy and quality of life as well. As a direct consequence, the 
geriatric population is progressively expanding, as is the risk of developing cancer.

Gastric tumour represents the fourth most common malignancy worldwide, after 
cancers of the lung, breast and colorectum.

The worldwide incidence of gastric neoplasm has declined rapidly over the last 
few decades [1]. Part of the decline may be due to the recognition of certain risk 
factors such as Helicobacter pylori and other dietary and environmental risks. 
Refrigerators have improved the storage of food, thereby reducing salt-based pres-
ervation of food and preventing bacterial and fungal contamination.

Despite the decrease in the global incidence of this disease, in endemic areas, 
such as Japan and Latin American countries, gastric cancer is still a major cause of 
mortality.

According to the Italian Network of Cancer Registries [2], gastric cancer is cur-
rently in sixth place in order of incidence among both men and women (4% of all 
cancers in males and 4% in females), and in 2016 new cases are expected to be 
nearly 13,000. This distribution is almost entirely attributable to the incidence in 
older age (over 70 years). Gastric tumour is considered a disease of the old age with 
a peak of incidence in the seventh decade of life. Although there is not a standard 
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definition of “elderly”, the most scientific papers fix the age of 70 as the threshold. 
The average human life expectancy is increasing worldwide and with it also the 
proportion of elderly people. This is predicted to continue to increase in the coming 
decades [3]. As a consequence, also the incidence of gastric carcinoma in elderly 
patients is becoming more frequent. In Italy, the 5 years overall survival is 32.4%, 
higher than the European average (25.1%). The overall survival in elderly patients 
is lower than in non-elderly ones: 22.1 versus 41.0% [2].

11.2  Risk Factors

The entire process of gastric carcinogenesis involves several factors, such as, gen-
der, age, diet, tobacco and alcohol consumption, H. pylori infections, chronic gas-
tritis, pernicious anaemia, some type of stomach polyps and previous gastric 
surgery.

Stomach cancer is more common in men than in women, and, as already dis-
cussed, there is a sharp increase in people over the age of 70. An increased risk of 
stomach cancer is seen in people with diets that have large amounts of smoked 
foods, salted fish and meat and pickled vegetables. Nitrates and nitrites are sub-
stances commonly found in cured meats; they can be converted into compounds that 
have been shown to cause stomach cancer in lab animals. A reduced consumption 
of fresh fruit and vegetables is another dietary behaviour implicated in gastric car-
cinogenesis. The rate of stomach cancer is about doubled in smokers and is related 
to the duration and intensity of smoking. Smoking increases stomach cancer risk, 
particularly for cancers of the upper portion of the stomach, near the oesophagus 
[4]. On the other hand, several studies suggest that alcohol consumption increases 
the risk of cancer in the lower stomach.

It is demonstrated that H. pylori infection is frequent in areas of high gastric 
cancer incidence. Infection with H. pylori bacteria seems to be a major cause of 
stomach cancer, especially cancers located in the distal part of the stomach. On the 
contrary, this infection seems not to be related with tumours of the gastroesophageal 
junction. Chronic gastritis associated with pernicious anaemia is related with gastric 
malignancy. Chronic gastritis is often associated with intestinal metaplasia and 
mucosal dysplasia which are frequently observed in the mucosa adjacent to gastric 
cancer. Pernicious anaemia is a disease characterized by fundic mucosal atrophy, 
loss of parietal and chief cells, hypochlorhydria and hypergastrinemia, and it is 
present in 3% of people over 60 years. Polyps are growths on the lining of the stom-
ach, and most types, such as hyperplastic polyps or inflammatory polyps, do not 
seem to increase the risk of gastric cancer. Endoscopic removal is a sufficient treat-
ment; subsequent surveillance is also not necessary. In contrast, adenomatous pol-
yps, also called adenomas, can sometimes develop into cancer; in fact dysplasia and 
carcinoma in situ develop inside these growths. The carcinogenesis risk has been 
estimated at 10–20%, and it is higher for polyps of more than 2 cm in diameter.

Gastric cancer is more likely to develop in people who have undergone previous 
partial gastrectomy, for example, due to a gastric ulcer. This condition is called 
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“remnant gastric cancer”. The effective mechanism is unknown, but the potential 
factors seem to be the decrease of luminal pH, bacterial overgrowth with increased 
productions of N-nitroso carcinogens and reflux of bile acids into the stomach.

Another known risk factor is obesity, probably because of the high incidence of 
chronic gastroesophageal reflux disease found in obese subjects.

11.3  Clinicopathological Features

The clinicopathological features of gastric cancer in elderly patients are different 
from those of non-elderly patients [5].

11.3.1  Gender

Many studies have shown a male predominance in elderly patients with gastric can-
cer, both in endemic and nonendemic areas [6]. The meaning of this is not clear, but 
the prolonged exposure of the elderly male population to environmental carcino-
gens may play a significant role. In young patients, most authors suggest a female 
predominance, maybe because of the influence that oestrogens have on this pathol-
ogy [7].

11.3.2  Location

Gastric cancer can develop both in the proximal and the distal regions. These repre-
sent two distinct entities from an epidemiological, biological, genetical and clinical 
point of view. Proximal tumours are more common in younger people and include 
tumours of the cardia and gastroesophageal junction, which currently represent 
about 40% of all gastric tumours. Epidemiological and morphological data shows 
that the majority of adenocarcinomas of the gastroesophageal junction have charac-
teristics more similar to tumours of the oesophagus than those of the stomach. On 
the other hand, the majority of studies have documented; the predominance of lower 
or distal third gastric cancer in the elderly has been significantly more frequent than 
that observed in younger patients [8].

11.3.3  Macroscopic Features

Gastric cancer can be divided into two main entities: early and advanced gastric 
cancer. Early gastric cancer is defined as a tumour whose growth is confined to the 
mucosa and the submucosa regardless of the presence or absence of metastatic dis-
ease in the perigastric lymph nodes. The presence of lymph node metastasis is 
closely related to the depth of local invasion. With the submucosal invasion, lymph 
nodes are involved in 15–20% of cases, whereas when lesions are confined to the 
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mucosa, lymph node involvement is uncommon (≤3%) [9]. A tumour having passed 
through the submucosa is defined as advanced. Macroscopic appearance, of both 
early and advanced stages, of gastric cancer seems to be influenced by age. 
According to the Japanese endoscopic classification of early gastric cancer, the 
most common macroscopic type in elderly people is the superficial depressed (IIc), 
followed by type IIa (superficial elevated) and polypoid type (I). Following 
Borrmann’s classification of advanced gastric cancer (type I for polypoid growth, 
type II for fungating growth, type III for ulcerating growth and type IV for diffusely 
infiltrating growth which is also referred to as linitis plastica), the most prevalent 
type in elderly patients is the type III.

Many studies show a significant difference regarding mean tumour size, which 
tends to be larger in elderly patients than in younger patients [8].

11.3.4  Histological Features

Gastric cancer occurs in two distinct histological subtypes, intestinal and diffuse, as 
described in Lauren’s classification. In the intestinal form, the malignant cells tend to 
form glands, and it is often associated with chronic atrophic gastritis, intestinal meta-
plasia and dysplasia. This subtype is more common in populations at high risk, and it 
occurs with increased frequency in men and older patients. For the other type, the 
diffuse form, the gland-forming growth is not proven, and it is prevalent in younger 
patients, in women and in populations with a relatively low incidence of gastric can-
cer. According to the criteria described by Ming and Esaky, the well- differentiated 
form of gastric adenocarcinoma is the predominant type in elderly patients. On the 
other hand, in younger patients the most common pattern is a poorly differentiated 
tumour. Many studies have suggested in elderly people a progression from a differen-
tiated tumour to an undifferentiated neoplasia, whereas, in younger patients, gastric 
cancer manifests as an undifferentiated tumour at the initial stage [10].

11.3.5  Clinical Presentation

Symptoms in gastric cancer are unfortunately not specific, and they can usually 
closely mimic those associated with a number of non-neoplastic gastroduodenal 
diseases, especially benign gastric ulcer. One of the most common symptoms in the 
early stage of gastric cancer is epigastric pain, which is present in over 70% of 
patients and consists of a constant, nonradiating pain which is unrelieved by food 
ingestion. Symptoms as anorexia, nausea and weight loss are characteristic of the 
advanced stage. Dysphagia is present in 20% of patients with proximal gastric 
lesions. Gastrointestinal haemorrhage is present in only 5% and perforation is rare 
(1%). Cachexia, abdominal mass, hepatomegaly and supraclavicular adenopathy 
usually indicate metastatic disease. In elderly patients, the onset of symptoms is 
commonly related to an advanced stage of the disease. A study has shown that gas-
tric cancer incidence in individuals without alarm symptoms is very low [11].
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11.3.6  Family History

Familial gastric cancer is generated by a germline mutation of CDH1 gene which 
encodes the adhesion molecule E-cadherin, inherited by the autosomal dominant 
mode; it is generally associated to a poorly differentiated, infiltrative and diffuse 
histotype adenocarcinoma and is more common in younger patients.

11.3.7  Comorbidities

As shown by several studies, elderly patients have significantly more preoperative 
comorbidities such as cardiovascular disease, including hypertension, atrial fibrilla-
tion, ischemic heart disease, heart failure and valvular heart pathology than their 
younger counterparts [12]. Elderly people are characterized by a loss of renal corti-
cal mass that reflects on a decline of renal function, the homeostatic reserve and 
electrolyte disorders [13, 14]. Serum creatinine may remain stable masking the 
underlying progressive loss of renal function. Regarding ageing modifications of 
pulmonary function, it is demonstrated that forced expiratory volume 1 and vital 
capacity, blood O2 level and lung elastic recoil are decreased. Older patients tend to 
have a poorer preoperative nutritional status shown by low levels of albumin in 
blood. Preoperative albumin levels have been shown to predict postoperative out-
comes [15], and preoperative nutritional support with intravenous hyperalimenta-
tion is essential in these patients.

11.3.8  Synchronous Carcinomas

With regard to the incidence of multiple synchronous gastric carcinomas, many 
studies suggest that they are more prevalent among elderly patients and their inci-
dence increases with advancing age [5]. Endoscopically these tumours are predomi-
nantly located in the lower third of the stomach; they are elevated, well-differentiated 
histological type, and they present the tendency to collide, forming single giant 
lesions.

11.3.9  Patterns of Metastasis and Staging

Regarding the pattern of metastasis, many studies demonstrate that glandular/well- 
differentiated/intestinal gastric cancer, which is the predominant histological type in 
old patients, is usually associated with haematogenous metastasis predominantly 
involving the liver via the tumour spreading through the portal vein. The peritoneal 
invasion occurs less frequently. Regarding the incidence of lymph node metastasis, 
observations are controversial, but it seems to be less frequent in the elderly as com-
pared to younger patients, and this is confirmed by the examination of autopsy cases 
of fatal gastric cancer.
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11.4  Diagnoses

Cancer of the stomach is difficult to diagnose before it has spread. There are no 
specific symptoms in the early stages, and often in elderly patients they result less 
clear. If stomach cancer is suspected by symptoms, tests will be needed to confirm 
the diagnosis. Clinical stage is determined through physical examination, blood 
chemistry, faecal occult blood test (FOBT), gastroscopy and ultrasonography, 
biopsy and imaging tests. Gastroscopy is the most definitive diagnostic method 
when gastric neoplasm is suspected. In the initial stages, gastric cancers can appear 
polypoid, flat, plaque-like lesions or as shallow ulcers. Generally advanced lesions 
are typically ulcerated. Although gastroscopy is important to identify a lesion, dif-
ferentiation of benign from malignant gastric ulcers can only be made definitively 
by biopsy. When the definitive histologic diagnosis is reached, it is important to 
evaluate the extent of the disease in order to plan the optimal therapeutic choice of 
treatment.

The aim of the preoperative staging of gastric cancer is to evaluate the depth of 
tumour infiltration (T-stage), the extent or number of lymph nodes involved 
(N-stage) and distant metastasis (M-stage) before surgery. Traditional methods of 
preoperative staging for gastric cancer are usually imaging diagnostic techniques, 
such as computed tomography (CT), endoscopic ultrasonography (EUS), positron 
emission tomography (PET) and laparoscopic exploration.

CT is usually used as a diagnostic method to confirm gastric cancer presence, 
and it can reliably demonstrate infiltration of the gastric wall by tumour, gastric 
ulceration and the presence of distal metastasis, more frequently involving the liver. 
Moreover, this method is less reliable in demonstrating the invasion of adjacent 
organs or the presence of lymphatic metastasis. EUS is a useful tool of preoperative 
evaluation for locoregional staging of gastric cancer and to investigate the assess-
ment of gastric wall involvement and the presence of infiltrated paragastric lymph 
nodes. Moreover, another application of EUS is to delineate subepithelial lesions 
that may be confused with gastric cancer and to guide biopsy of submucosal tumours 
within the wall of the stomach [16]. A meta-analysis including 22 studies evaluated 
the usefulness of EUS in stomach cancer, and it has shown that the sensitivity and 
specificity by stage were 88.1 and 100% for T1, 82.3 and 95.6% for T2, 89.7 and 
94.7% for T3 and 99.2 and 96.7% for T4 staging, respectively [17, 18]. The accu-
racy of EUS presurgical N-stage evaluation is approximately 65–95% [19]. A study 
has suggested that in patients with locally advanced gastric cancer, PET scan is the 
most sensitive noninvasive imaging modality for detecting hepatic metastasis [20] 
and provides better diagnostic accuracy for detection of distant lymph node metas-
tasis and bone metastasis in patients with untreated advanced gastric cancer [21]. 
However, especially when tumour deposits are small, the ability of radiologic imag-
ing to detect metastatic disease is limited. The surface of the liver, the omentum and 
the peritoneal surfaces are common sites for gastric cancer metastasis that are dif-
ficult to evaluate preoperatively by imaging. In this case, diagnostic laparoscopy is 
superior to preoperative CT in detection of peritoneal, hepatic or lymphatic 
metastasis.
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11.5  Treatment

11.5.1  Surgical Treatment

The indications for surgical treatment in elderly patients with stomach cancer have 
been gradually expanded. This is because the morbidity and mortality rates from 
postoperative complications have continued to decrease over time as a result of the 
improvement of anaesthesiologic techniques, intensive care, surgical devices and 
less invasive surgical procedures, consequently improving short-term outcomes in 
elderly patients. Surgical resection is the only hope for cure in gastric cancer, even 
if an advanced stage of disease at the time of diagnosis precludes curative resection 
for most patients. Radical resection (R0) represents the only treatment modality 
which offers possible long-term survival [5]. Data in literature regarding elderly 
patients with gastric cancer seems to be limited and sometimes conflicting for sev-
eral reasons.

First of all, elderly patients often have age-associated physiologic problems such 
as decreased organ reserve and concomitant comorbidities: hypertension, diabetes 
mellitus, ischemic heart disease, cerebrovascular disease and renal, liver and respi-
ratory dysfunction. Several studies have demonstrated that preoperative risk, evalu-
ated by the ASA score (American Society of Anaesthesiologists), is significantly 
higher in elderly gastric cancer patients than younger patients, mainly because of 
the higher rate of concomitant diseases [22].

Secondly, older patients often suffer from different grades of malnutrition, reflected 
by a low albumin level in blood. A recent Japanese study has shown that preoperative 
hypoalbuminemia is an independent risk factor of postoperative morbidity and mor-
tality. Furthermore, the important thing to note is that initial hypoalbuminemia can 
affect early surgical outcomes irrespective of the replacement of albumin [23]. Another 
study suggests that less invasive surgery should be indicated for patients with serum 
albumin levels below the 2.9 g/dL cutoff [14]. This serum albumin test could be a 
reasonably simple and cost-effective method for identifying at-risk patients.

Moreover, gastric cancer in the elderly is often diagnosed at an advanced stage; 
this may be attributed to the lack of symptoms in the elderly population and to the 
absence of a mass screening programme for this tumour.

For all these reasons, it is sometimes difficult to treat elderly patients with gastric 
cancer according to the guidelines [24].

With regard to early gastric cancer, endoscopic resection is performed in selected 
cases, when there is no evidence of lymph node metastasis. The indication criteria 
are mucosal cancer of any size without ulceration, mucosal cancer with ulcerations 
sized less or equal to 30 mm or submucosal cancer less than 30 mm and confined to 
the upper 0.5 mm of the submucosa without lymph-vascular invasion [25]. In endo-
scopic resection, the typical sequential procedure included marking, mucosal inci-
sion and submucosal dissection with simultaneous haemostasis. With this approach, 
postoperative bleeding or perforation has been reported in 5%, and in 17%, histo-
logical examination revealed submucosal invasion that required further operative 
treatment [26].
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For advanced cancer, the surgical procedure in the elderly must be decided care-
fully by assessing the patient’s tolerance of surgical stress because, as already 
shown, elderly patients have declining organ capacity and the quality of life may 
suffer postoperatively [27].

Although guidelines indicate that gastrectomy associated with D2 lymph node dis-
section is the gold standard radical treatment for resectable advanced gastric cancer 
without any exception regarding age or comorbidities, the dominant trend among sur-
geons is to perform limited surgery such as subtotal gastrectomy [5, 22] in older patients.

The choice of a surgical procedure must guarantee both the control of the disease 
and a good result in terms of postoperative mortality and survival as well as quality 
of life, mainly in an aged population with a shorter life expectancy. In fact, total 
gastrectomy and D2 resection in this age group have been associated with higher 
rates of postoperative morbidity and mortality as compared to subtotal gastrectomy 
and D1 resection [28]. Performing a subtotal gastrectomy in the elderly, when tech-
nically feasible, is certainly related to a lower mortality and to a 5-year survival rate 
at least as good as after total gastrectomy, offering a better quality of life.

The suitability of subtotal gastrectomy for elderly patients is also related to the 
significantly shorter postoperative hospital stay for patients submitted to subtotal 
gastrectomy than total gastrectomy. Total gastrectomy frequently leads to consider-
able changes in dietary intake and absorption, which have a decisive influence on 
the postoperative nutrition status.

Takeshita et al. have shown that R0 resection with at least limited lymph node 
dissection should be considered as the treatment of first choice for elderly patients 
with gastric cancer, especially those between the ages of 80 and 84  years [29]. 
Similarly, splenectomy or combined resections of adjacent organs are less fre-
quently performed in this group.

According to several studies about the extension of lymph node resection, D1 
resection is more frequently performed than D2 resection, especially in patients 
with comorbidities, while D3 or greater is never performed. Surgical resection 
accompanied by dissection of a minimum of 14 and optimal 25 lymph nodes is the 
only modality that is potentially curative [5].

Egushi et al. reported that extended lymphadenectomy in elderly patients did not 
positively influence the 5-year survival, while it resulted in higher mortality (10 vs 
1%) and morbidity rate (57 vs 27%) as compared to limited lymphadenectomy [30]. 
Another study confirms that after extended nodal dissection, the overall survival in 
highly comorbid elderly patients, even with nodal involvement, does not show clear 
benefits owing to the high risk of perioperative complications [31].

11.5.2  Postoperative Complications

Intraabdominal abscesses and pancreatic fistulae have been reported as major com-
plications after total gastrectomy. They are thought to be associated with lymph 
node dissection around the pancreas that is why surgeons usually avoid lymph node 
dissection around the pancreas, particularly among the oldest patients.
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Other possible postoperative complications include anastomotic leakage, wound 
infection, postoperative bleeding that required surgical or endoscopic treatment, anas-
tomotic stenosis, ileus and respiratory and cardiac complications. These could pro-
long medical hospitalization, increasing costs and wasteful uses of human resources.

In elderly patients, it is not infrequent to see the onset of a postoperative delirium 
which can cause unexpected medical accidents, such as dementia, that prolong hos-
pital stays and which may be associated with an unfavourable prognosis. It has been 
reported that 10–50% of elderly patients who undergo surgical treatment develop 
delirium postoperatively [32]. Although the mechanisms of delirium remain unclear, 
multiple factors are known to be involved; for example, systemic stress and inflam-
matory response may play important roles in the development of this condition [33]. 
Therefore, it is important to reduce perioperative stress to minimize the occurrence 
of delirium in elderly patients.

Although several reports have indicated that the incidence of postoperative com-
plications increases in elderly patients, the applicability of these results to older 
patients with gastric cancer is arguably limited.

In fact, according to other research, no significant differences in complications, 
morbidity and hospital stay duration after surgery were found between patients 
younger and those older than 80 years [6, 34, 35]. This could be explained by a less 
invasive surgical procedure performed on these patients.

In order to prevent postoperative complications in the elderly, it is important to evalu-
ate the overall preoperative status and to apply postoperative care depending on the type 
of surgery tailored to the patient’s condition. Besides surgical complications, it is impor-
tant to prevent geriatric clinical complications, first and foremost, and pulmonary infec-
tions, and nowadays respiratory rehabilitation programmes are emphasized.

A linear relationship is reported between postoperative complications and the 
number of preoperative abnormal parameters.

11.5.3  Long-Term Outcomes

Many studies have specifically compared the long-term outcome of gastric cancer in 
elderly patients with that in younger or middle-aged patients. Some found no signifi-
cant difference in survival between them [22]. However, most studies confirmed that 
the prognosis of elderly patients was poorer than that of younger and middle-aged 
patients [36, 37]. According to a Chinese study, patients aged ≥70 years had a signifi-
cantly lower 5-year overall survival rate than younger and middle-aged patients [8]. In 
general, the poor prognosis of elderly patients can be attributed to the delay in diagno-
sis, advanced tumour stage and also the preoperative condition of the patients.

11.5.4  Multimodality Treatment for Elderly Gastric Cancer

The use of neoadjuvant chemotherapy may have several potential benefits includ-
ing the early eradication of micro metastasis and downstaging the disease with the 
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possibility of a curative resection. A recent meta-analysis about neoadjuvant che-
motherapy in elderly patients has shown a slightly improved survival rate with no 
significant increase in operative complications or perioperative mortality [38]. 
According to ESMO Guidelines working group, adjuvant chemotherapy and 
radiotherapy are recommended for elderly patients with high risk gastric cancer in 
an attempt to reduce local or distant recurrence and to improve survival after cura-
tive resection [24]. In the past, the majority of oncologists were hesitant to pre-
scribe adjuvant chemotherapy to elderly patients because of the high risk of 
complications and for the toxicity of drugs due to changes in pharmacodynamic 
features in these patients. However, it has been demonstrated that there are no 
significant differences in terms of overall survival and pharmacological toxicity 
between younger and older patients without any severe comorbidity. Although the 
addition of adjuvant chemotherapy after curative gastrectomy for gastric cancer in 
general shows potential survival benefit, the need for such treatment in elderly 
patients should be determined by considering the conditions of individual patients 
and their life expectancies. However, patients should be strongly involved in deci-
sion making in undergoing or in discontinuing adjuvant chemotherapy: they may 
be more interested in quality than duration of life. For patients who cannot undergo 
surgical treatment because of relapsed or metastatic gastric cancer, palliative che-
motherapy can provide palliation of symptoms, improving the quality of life. In 
conclusion, data clearly shows that age alone is not sufficient to estimate the gen-
eral performance status of an elderly patient and their eligibility for curative or 
palliative treatment.
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12.1  Introduction

Ulcerative colitis (UC) and regional ileitis were first described by Hale-White and 
Crohn, respectively, mainly in patients under 60 years of age [1]. Regional ileitis 
was subsequently defined as Crohn’s disease (CD). For a long time, UC and CD—
which are the two main inflammatory bowel diseases (IBD)—have been considered 
conditions typical of young people, but in the last 30 years, an increasing number of 
patients have been diagnosed with IBD after 60 years of age. Although there is no 
general agreement about the threshold of age for defining the “elderly” IBD patient, 
currently about 10–15% of the patients affected by UC and CD are over 65 years. 
This change in the epidemiology of IBD has several implications in the clinical 
course and evolution of UC and CD.  The main differences between young and 
elderly patients are being related to the drugs used for medical therapy and the indi-
cations to surgery. Elderly patients have clinical characteristics, related to their pro-
file of frailty that may affect medical and surgical treatment. Therefore, the surgical 
management of elderly patients with IBD needs to be carefully considered and must 
rely on adequate knowledge.
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12.2  Epidemiology

The incidence and prevalence of IBD in the last 30 years show a worldwide increase 
with a west-east and north-south gradient. The incidence of UC in Europe is 
24.3/100,000 person-year and 19.2 in North America, whereas the incidence of CD 
is higher in North America than in Europe: 20.2 versus 12.7/100,000 person-year. 
The highest reporte prevalence for both UC and CD is observed in Europe [2]. In 
Italy, the incidence of IBD is lower than in North Europe and USA, with higher 
values for UC than CD [3]. Although different thresholds of age have been proposed 
to consider patients with IBD as “elderly” (60 vs 65 years) [4, 5], about 15% of the 
patients receive diagnosis of IBD after 65 years of age [6]. Time-related trends dem-
onstrate that both population ageing and late-onset of IBD contribute to the increased 
prevalence [7]. Loftus et al. [8] analysed the epidemiology of IBD in the Olmsted 
County, Minnesota, from 1940 to 2000. Over the last 20  years, UC incidence 
decreased (−7%) and CD increased (+31%), mainly in patients over 60 years. In the 
Netherlands [7], late onset (>60 years) of IBD had more than doubled from 1991 to 
2011, increasing from 11.71 to 23.66/100,000 person-year. In the USA [9] patients 
older than 65 years accounted for 25% of IBD-related hospitalizations. A multicen-
tre retrospective study from Italy [10] found that late-onset UC accounts for about 
25% of cases.

Several factors caused these epidemiological changes. Either late-onset IBD 
could be a distinct entity, with a better and long-lasting course, or the increase of life 
expectancy and the improvement of medical and surgical treatment could have 
resulted in a decrease of the complication/death rate, allowing more IBD patients to 
live beyond 65 years of age.

12.3  Disease Presentation and Evolution

The spectrum of symptoms at presentation is the same in young and elderly patients 
with IBD, but the diagnosis in the latter population is more difficult due to the 
potential coexistence of other bowel-related conditions (e.g. infectious colitis, isch-
emic colitis, segmental colitis associated to diverticular disease and nonsteroidal 
anti-inflammatory drug-associated colitis) [11, 12]. A careful clinical evaluation 
and endoscopy with biopsies are very important tools to obtain diagnosis and to 
classify the lesions and disease activity.

Family history and genetic alterations occur less frequently in the elderly than in 
young patients [13, 14]. Gender distribution varies in the different populations, but 
female prevalence is typical of CD, and male prevalence is typical of UC [7, 15, 16]. 
Elderly patients with IBD have intestinal bleeding, anaemia and malnutrition more 
frequently than young patients [9]. Furthermore, they have higher Charlson’s index 
and more comorbidities [17], including diabetes, chronic pulmonary diseases and 
cardiac and cerebrovascular disease.

Elderly patients with CD are more likely to have colonic disease [18]. Non- 
stricturing, non-penetrating patterns are more frequent when the small bowel is 
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involved. Contradictory results have been reported concerning the rate of perianal 
CD involvement in the elderly [4, 12, 16, 19, 20].

UC late-onset patients are more frequently male, complaining of paradoxical 
constipation and rectal bleeding [18]. They are more likely to have left-sided colitis 
than proctitis or extensive colitis. However, in elderly patients with a previous diag-
nosis of UC, the distribution of the lesions is the same as in young patients, with 
higher incidence of pancolitis (45.9%) than left-sided colitis (14.3%). Extraintestinal 
manifestations are less common [4, 10, 13, 16, 21].

Progression of both UC and CD in elderly patients seems to be slower than 
in young patients [4, 13], and the behaviour of CD remains stable with time. 
Lesions tend to extend only in a few patients. In the AGED-study [10], the most 
frequent pattern was late disease onset and subsequent mild or no activity. 
However, the risk of infections and related complications is higher in elderly 
IBD patients [22, 23], but the time to develop dysplasia and rectal cancer is 
shorter. Close follow-up and surveillance of the patients are warranted [24, 25]. 
Mortality is higher in elderly CD than in UC, higher risk being associated with 
fistulising or active stricturing disease [9, 17]. Surgery is a protective factor 
reducing the risk for mortality, but surgical operations are less frequently per-
formed than in young patients, probably because comorbidities and complica-
tions contraindicate them [9].

12.4  Medical Treatment

The main goals of the medical therapy of IBD are the same in young and elderly 
patients, including (1) induction and maintenance of remission, (2) prevention 
of IBD-related complications and (3) safety of treatment with improvement in 
the quality of life [12, 26]. Although drug efficacy trials in elderly patients are 
lacking [27], indirect evidence suggests that there is no difference in the response 
rate to the pharmacological treatment among the elderly and young patients 
with IBD [28, 29], without any change in the prescription strategy [12]. 
5-Aminosalicylate (ASA)-class drugs are used for the treatment of mild-to-
moderate activity IBD patients, corticosteroids for acute flare and severe cases, 
cyclosporine for rescue therapy of severe UC, immune-modifying agents for 
maintenance therapy and anti-TNF agents for severe UC, in steroid dependent/
resistant patients [12].

ASA-class drugs are prescribed in about 50–80% of elderly patients affected by 
UC and CD [13, 30]. Corticosteroids are used in about 30% and immunomodulators 
in 10–20% of cases [12]. Biologics are used in 1% of UC and 9% of CD elderly 
patients [13], although the efficacy of anti-TNF agents is the same as in young 
patients [10, 31]. Age-related frailty, comorbidities, geriatric conditions (e.g. cogni-
tive impairment and cardiovascular diseases), the low compliance of the patients to 
polypharmacy, possible drug interactions and the increased risk of infectious com-
plications are the main factors explaining the current treatment approach in elderly 
patients with IBD.
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12.5  Indications to Surgery

Indications to surgery for IBD mainly include unresponsiveness to treatment, com-
plications and cancer. The operation rates in late-onset IBD at 1 and 10 years after 
diagnosis are 18% and 32%, respectively, in CD and 4 and 8% in UC [13]. Nguyen 
et al. suggested that elderly-onset UC patients were more likely to undergo surgery 
than young patients [17]. Early colectomy (within 90 days from the diagnosis) is 
more frequent in elderly patients with UC at their first presentation [32]. The risk of 
surgery is the same in elderly and young patients affected by CD [33], but long- 
standing CD with inflammation and strictures, which could underlie constipation in 
elderly IBD patients, harbours cancer in 3.5% of the cases [34] and is a further 
indication to surgery. Therefore, we think that careful attention should be paid in the 
preoperative workup and assessment of these patients to choose the correct approach.

Perioperative optimization is crucial in the elderly. Concomitant diseases should 
be controlled when possible, and patients may benefit from perioperative nutritional 
treatment [35]. In elderly patients presenting with stricturing CD, strictureplasties 
should be discouraged or carefully considered, especially in long-standing disease 
and in patients who do not fulfil the criteria for postoperative short bowel syndrome 
[36, 37]. When feasible, laparoscopy is a good alternative in CD of the elderly, 
especially in patients requiring primary surgery for remitting-relapsing disease 
involving the large bowel or localized to the terminal ileum. Minimally invasive 
surgery in patients with previous midline laparotomy or with extensive small bowel 
involvement should be selectively advocated, because the recovery advantages may 
not be maintained when compared with open surgery [38]. Moreover, laparoscopy 
requires longer operative times, which should be considered in the case of multiple 
comorbidities. A survey of Italian colorectal surgeons promoted by the Italian 
Society of Colorectal Surgery (SICCR) showed moderate agreement when consid-
ering laparoscopy in other-than-localized CD [39].

In elderly patients with UC, the decision between a colectomy with end ileos-
tomy and a restorative proctocolectomy should be made after considering several 
variables. It has been suggested that elderly patients without significant comorbidi-
ties, who are able to mobilize independently and are self-sufficient, can be consid-
ered candidates to restorative proctocolectomy with ileal pouch and pouch anal 
anastomosis (IPAA). Concerning functional results, patients without clinical impair-
ments of sphincter function may not require routine instrumental testing of the 
sphincter complex. However, patients should be able to understand the impact and 
extent of the procedure. IPAA involves either two-stage surgery ((1) proctocolec-
tomy with ileal pouch and loop ileostomy, (2) ileostomy reversal) in elective treat-
ment or three-stage approach ((1) subtotal colectomy with long rectal stump secured 
to the abdominal wall with terminal ileostomy, (2) completion proctectomy with 
ileal pouch and loop ileostomy, (3) ileostomy reversal) in emergency settings or in 
patients with prolonged exposure to biologic drugs [40]. One-stage surgery in 
elderly patients should never be considered [41, 42]. Routine pre-reversal poucho-
gram to assess the anastomosis is a safe option in elderly patients. Laparoscopic 
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subtotal colectomy should be encouraged in emergency settings in patients who can 
tolerate the procedure.

Elderly patients show similar responses to rescue therapy [10], suggesting that 
this should be attempted. However, the threshold for surgery should be lower in the 
elderly, because postoperative complications (i.e. toxic megacolon, intra-abdominal 
septic complications and mortality) are more common when surgery is delayed. 
Prompt surgery achieves a dramatic reduction in mortality in elderly patients [43]. 
When patients received biologics, it is safer to defer pouch formation to a later stage 
irrespective of disease activity at surgery, in order to reduce the risks of postopera-
tive pelvic sepsis [40]. The rectal stump should be either secured to the abdominal 
wall or used to create a fistula in frail patients [44]. This measure avoids pelvic col-
lections in the event of rectal stump suture leak and eases subsequent surgery. 
Importantly, patients must accept undergoing scheduled follow-ups and adhere to 
the surveillance pathway including endoscopy. The risk of pouch-related adenocar-
cinoma is lower than colorectal cancer risk in the general population [45]. 
Endoscopic follow-up is not recommended after IPAA in patients without high-risk 
features for cancer according to the Guidelines of the European Crohn’s and Colitis 
Organisation (ECCO) [46]. Long-standing disease and cancer/dysplasia on the 
specimen increases the risk of pouch-related cancer by eight times irrespective of 
mucosectomy [45, 47]. In addition, some patients may be diagnosed with CD later 
in life or develop other-than-adenocarcinoma pouch cancers without systemic 
symptoms [48, 49], suggesting that scheduled follow-up with flexible pouchoscopy 
is a safe choice in elderly patients.

12.6  Surgery in UC

Elderly patients with UC tend to have a less severe disease and more commonly 
require surgery for premalignancy complications (dysplasia/DALM). Rarely, do 
they present with an acute setting (haemorrhage, toxic megacolon or perforation) 
requiring urgent surgery.

Theoretically, three different surgical options are available in elderly patients, 
similarly to young patients, including (1) proctocolectomy with definitive terminal 
ileostomy, (2) colectomy with ileorectal anastomosis (IRA) in the presence of 
spared rectum and (3) IPAA (Fig. 12.1).

IRA is very rarely considered for elderly patients because of poor functional 
results and disease recurrence, hence reducing the actual alternatives to procto-
colectomy with ileostomy and IPAA.

In the past, the complexity of the surgical procedure and the high complication 
rate, combined with the risk of poor functional outcome, have induced surgeons to 
perform pouch surgery very rarely in the older population. The low frequency of 
IPAA in elderly patients has probably been more influenced by prudence than by 
proven evidence, based on the assumption that they have higher comorbidities and 
worse sphincter function. A growing body of evidence shows that age itself may not 
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be an accurate predictor of surgical risk in UC because disease severity is a more 
important contributor to perioperative morbidity and mortality [46].

Frailty is an emerging alternative to age for estimating surgical risk. It describes 
a state of reduced physiological reserve assessing cognition, function, nutrition and 
comorbidities. There is no current consensus on the appropriate measure of frailty 
in elderly IBD patients and which characteristics should be considered when evalu-
ating patient suitability for IPAA [26].

The ideal candidate should be independent, with normal anal sphincter function, 
and should be able to understand risks and problems associated with IPAA. Elderly 
patients with UC need to take several medications and may experience complica-
tions from drug interactions (e.g. increased risk of leucopoenia and anaemia when 
azathioprine is combined with ACE inhibitors) or prolonged drug intake (e.g. 
increased risk of cancer with immunomodulators). Proctocolectomy offers a protec-
tive effect on these potential complications and allows for the elimination of the use 
of drugs for UC-related symptoms.

The physiological reduction of perceived thirst represents another typical prob-
lem of elderly patients. Elderly carriers of an ileostomy, especially in case of diver-
sion ileostomy, are at increased risk of dehydration and electrolyte imbalance due to 
the loss of high quantity of fluids from the stoma or inadequate fluid intake. 
Therefore, it is highly important to follow up patients after IPAA during the interval 
between IPAA construction and loop ileostomy reversal (Fig. 12.1). Patients may 
need a scheduled blood test in outpatient settings and should be promptly readmit-
ted for rehydration and correction of electrolyte or renal function derangements. In 
staged IPAA, stoma reversal should be performed as soon possible in the elderly, 
based on a balance between IPAA “maturation” and clinical status.

Treatment

PROCTOCOLECTOMY WITH END ILEOSTOMY

- Removal of entire disease - Stoma management
  (devices/siting)

- Stoma-related disorders
  (electrolyte imbalance/ rare
  hernia-prolapse-retraction)

- Body image

- No restoration of bowel continuity

- No endoscopy at follow-up
- Often one-stage procedure

- No pelvic surgery
- No sphincter manipulation
- Removal of diseased bowel

- Transanal defecation
  preserved

- One-stage procedure

- Removal of entire disease

- “False” rectal sparing (topical
  agents may mask proctitis)

- Need for scheduled follow-up with
  endoscopy

- Need for further medical treatment for
  recurrent proctitis
- Persistence of some extra-intestinal
  manifestations

- Risk of cancer on the residual
  rectum

- Risk of repeated surgery
- Flares can jeopardise function

- Complex procedure - At least two-stage surgery
- Longer operative time/anaesthesia
- Need to adapt to changed bowel
  anatomy and function

- Follow-up with endoscopy

- Septic complications may impair
  function and require further
  complex surgery
- Close monitoring for potential
  complications of diversion
  ileostomy during maturation
- Cuffitis/Pouchitis

- Transanal defecation
  preserved

PRO CAVEAT CONTRA

ILEORECTAL ANASTOMOSIS (IRA)

ILEAL POUCH ANAL ANASTOMOSIS (IPAA)

Fig. 12.1 Advantages and disadvantages of surgical approaches for Ulcerative Colitis in the 
Elderly
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There are insufficient data that compare treatment safety and efficacy in young 
and elderly patients, and the total number of patients over 65 treated with IPAA is 
very small.

Short-term results after IPAA in elderly patients show that perceived quality of 
life is good enough to overcome some hesitancy in performing IPAA in patients 
older than 60–65 years [50]. Results in patients aged over 70 are not inferior to those 
of younger counterparts, provided that patients are carefully selected and strictly 
followed up [50–52]. The principles of surgical therapy in elderly patients do not 
differ widely from those of younger patients who need pouch surgery, but some 
aspects need to be considered.

As expected and previously reported, elderly patients present with a higher inci-
dence of comorbidities. Some authors suggested that comorbidities justify an 
increased incidence of postoperative complications and longer hospital stay and 
operating time, but more recent reports showed no increase in surgical morbidity 
and mortality after IPAA [26].

The incidence of anastomotic leaks, pouch-related complications and pouch fail-
ure rates did not differ between young and elderly patients undergoing surgery for 
UC at the Cleveland Clinic, a high-volume pouch centre [53, 54]. In our experience, 
elderly patients may need admission to the intensive care unit more frequently than 
young patients, suggesting that complications may manifest showing a more serious 
picture, despite similar overall complication rates between the two groups [51, 52, 
55]. Notwithstanding, midterm functional results are comparable to that of younger 
patients, even if a higher proportion of elderly patients tend to take antidiarrheal 
medications [51, 52, 55].

A physiological decrease of anal sphincter function is expected in elderly 
patients, and this condition can impair faecal continence [43, 56]. Clinical sphincter 
disorders justify a total proctocolectomy with permanent ileostomy with signifi-
cantly better outcomes and quality of life compared with an IPAA which would be 
fated to fail due to an unbearably poor function.

Stryker et al. suggested that elderly patients are more likely to have difficulty 
with the daily management of their stoma, although their overall quality of life is 
equal to or superior to that of younger patients with terminal ileostomy [57].

It is crucial to assess accurately the sphincter function without overestimating 
incontinence. Elderly patients who need surgery in acute settings or with severe 
pancolitis tend to present with several fresh-blood evacuations and frequent soiling. 
Adequate treatment usually removes these symptoms. Therefore, it is important to 
discriminate between soiling/perianal irritation due to disease activity and an actual 
deterioration of the continence. Surgeons with expertise in IBD can usually assess 
the patients adequately with preoperative digital examination.

Indeed, the double-stapled technique and recent advances in technological 
instrumentation lead to a much better functional outcome compared to hand-sewn 
anastomosis also in patients over 50–55 years [58, 59].

Furthermore, little is known about the impact of laparoscopy in this patient popu-
lation, but the mini-invasive approach during IPAA may provide significant benefits 
and should be offered as first-line treatment [55, 60, 61].
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Concluding, the choice of surgical procedure for UC in elderly patients requires 
a careful evaluation of the “pro” and “contra” of each approach (Fig.  12.1). In 
elderly patients with preserved sphincter function, IPAA should be the preferred 
choice. In selected, motivated elderly patients, IPAA surgery has significant benefits 
with a high rate quality of life and functional outcomes comparable with younger 
patients. A careful selection and counselling of the patients are mandatory to avoid 
postoperative complications with detrimental quality of life. It is important to con-
sider that a well-functioning ileostomy is preferable to a malfunctioning IPAA.

12.7  Surgery in CD

As the cumulative lifetime risk of mortality related to IBD seems to be negligible, 
we are facing two different types of elderly patients with CD, those patients with a 
diagnosis at a young age and having aged with CD and those developing it in the old 
age [12]. These two different clinical characteristics are not marginal, since the 
disease location, behaviour and the need for surgery seem to be different between 
the two groups. The need for surgery should be lower in elderly onset, with less 
common recurrence rate but shorter time to recurrence. Older patients have less 
frequently penetrating CD but are less likely to be operated on with laparoscopy; 
they have more systemic and local complications (including anastomotic leakage) 
and longer hospital stay [12, 26, 62].

When surgery is necessary for CD complications, peri- and intraoperative strate-
gies are no different for younger patients. Laparoscopy is the preferred surgical 
approach whenever technically possible. However, both in CD and UC, many 
elderly patients have already received abdominal surgery, related or not to IBD, 
making laparoscopy extremely difficult if not contraindicated [38, 63–72].

Accurate staging of all disease locations is mandatory when planning abdominal 
surgery for complicated CD, including ileocolonoscopy and cross-sectional imag-
ing. However, intraoperative identification and characterization of all disease loca-
tions are essential to tailor a “per-segment” approach, on the basis of the features of 
every single intestinal diseased segment [73–80].

The need for surgical treatment of upper gastrointestinal involvement is very 
limited. Gastro-oesophageal and duodenal locations of CD can be approached with 
Roux-en-Y bypass or strictureplasties, but in elderly patients, it is essential to 
exclude the presence of neoplasia. Vagotomy is generally contraindicated in CD 
patients [81–89].

Surgery should be considered as the first option in patients with localised CD 
of the small or the large intestine with obstructive symptoms. Furthermore, in 
patients with fistulizing disease, early surgery should be favoured over anti-TNF 
therapy. Abdominal abscesses should be drained percutaneously and resection 
be delayed. Strictureplasties are a safe and appealing alternative to resection, 
but many authors prefer resection for patients with late onset of the disease and 
at a low risk of developing short bowel syndrome. On the contrary, strictureplas-
ties should be indicated for those patients with a diagnosis in childhood and 
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repeated intestinal resections in their clinical history. Among the vast repertoire 
of strictureplasties, the two main techniques that general surgeons need to know 
consist of Heineke-Mikulicz strictureplasty, for stenotic segments up to 6–8 cm, 
and ileoileal, isoperistaltic, side-to- side strictureplasty (also known as the 
“Michelassi strictureplasty”), for long stenotic segments or multiple and close 
strictures [90–99].

When intestinal resection is necessary, a minimal bowel resection is indicated, 
with no need of microscopically disease-free margins and extended mesentery dis-
section [100]. Strong evidence shows that stapled, wide-lumen, functional end-to- 
end anastomosis is the best technique for reconstruction [101, 102].

In colonic CD, conservative surgery is contraindicated. Selected cases of balloon 
dilatation have been reported, but malignancy must be categorically excluded. A 
maximum of two segmental colonic resections can be considered in case one or two 
separate segments of the colon are involved; otherwise a subtotal colectomy with 
IRA is advised. In very selected and motivated elderly CD patients with isolated 
colonic location, IPAA has been successfully attempted, but in case of failure, redo 
pouch is contraindicated [73, 103–110].

Small bowel adenocarcinoma is a rare condition that affects CD patients, with 
33-fold higher risk than in the general population but with minimal differences in 
incidence over decades. Unfortunately, preoperative diagnosis is extremely diffi-
cult, and intraoperative findings are suggestive only in half of the cases. The treat-
ment of choice is a wide ileal resection with adequate removal of the mesentery [47, 
111–114].

In case of colorectal cancer (CRC), it is essential to address some important 
aspects. Does the patient have a history of active pancolitis? Are there any proximal 
small bowel CD locations? Is CRC associated with segmental colonic CD, or is it a 
sporadic CRC in a patient without colonic involvement?

In the case of pancolitis (whether it is active or not at the time of operation), a 
total colectomy or proctocolectomy, with oncologic principles in all colonic seg-
ments, is strongly suggested. The possibility of performing IPAA depends on the 
sphincter conditions and the absence of small bowel disease. The presence of active 
CD proximal to the colon should be considered for synchronous resection at the 
moment of surgery for the CRC, since future adjuvant therapy is likely to be com-
promised by active CD. Sporadic CRC in CD should be treated as in the general 
population, but the presence of active CD must be excluded, and reactivation during 
adjuvant therapy is accurately monitored [47, 115–119].

Age has a clear impact on surgical presentation and postoperative course in 
elderly patients. The overall complication rate is similar to that of young patients 
but is more serious and more frequently requires admission to intensive care units 
with a longer hospital stay. Specific complications related to anastomosis and deep 
venous thrombosis are more frequent in the elderly. As reported in the section deal-
ing with UC, how to measure the frailty of elderly patients with IBD remains an 
unanswered question. In fact, all the various scales of frailty are not able to discrimi-
nate between problems related to ageing and those related to a chronic intestinal 
condition such as IBD [62, 120, 121].
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13Diverticulosis and Diverticulitis

Binda Gian Andrea, Cassini Diletta, Gianandrea Baldazzi, 
and Nascimbeni Riccardo

13.1  Definitions

According to the currently accepted definition, “diverticulosis” is merely the pres-
ence of colonic diverticula; “diverticular disease (DD)” is defined as clinically sig-
nificant and symptomatic diverticulosis. Diverticular disease may be subclassified 
into symptomatic uncomplicated diverticular disease (SUDD) and symptomatic 
complicated diverticular disease (perforation, fistula, obstruction, bleeding) [1]. 
Diagnosis and treatment of colonic diverticulitis in older patients may be more dif-
ficult than in young patients because of more frequent comorbidities. Precise diag-
nosis and accurate treatment of colonic diverticular disease are important topics in 
geriatric clinical practice [2].

13.2  Epidemiology

Diverticulosis of the colon is one of the most common diseases of the digestive 
tract, and its frequency increases with age. The prevalence of diverticulosis and 
diverticular disease is increasing in Western countries in parallel with increased 
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life expectancy; several studies confirmed these data. This is particularly true in 
industrialized Western countries where the incidence of diverticular disease 
increases with age; the disease is uncommon in those under the age of 40, the 
prevalence of which is estimated at approximately 5%; this increases to 65% in 
those over 65 years of age [3]. A recent, large study on 1091 patients who under-
went CT colonography for various reasons has demonstrated a steady increase 
of the disease prevalence parallel with ageing and, moreover, has found that age 
was the strongest predictor of diverticula. The diverticula incidence appears to 
be higher than expected without significant differences according to gender. As 
regards anatomic distribution, in the Western population, right colon diverticula 
do not appear to be an uncommon finding, with their prevalence again increas-
ing with patient age. In asymptomatic patients, the highest prevalence of severe 
diverticulosis was found in the left-sided colon in the sixth and seventh decades. 
In particular, prevalence was 17.5–20.8% in the sigmoid colon, 15.7–16.2% in 
the descending colon, 9.7–8.7% in the transverse colon, 6.7–9.8% in the ascend-
ing colon and 6.7–7.5% in the caecum [4].

An epidemiological study in the USA has shown that frequency of diverticulitis 
and diverticular bleeding increases with age [5]. According to another study, age 
was associated with an increased risk of local and systemic complications [6].

13.2.1  Hospitalization

Diverticular disease and its complications are a relevant cause of hospitalization 
and not without mortality, particularly in elderly patients [7]. An epidemiologi-
cal study in the USA has shown that diverticular disease imposes an impressive 
clinical burden. According to the data from the 2004 National Hospital Discharge 
Survey, it is responsible for 312,000 admissions and 1.5 million days of inpa-
tient care per year [1]. The annual cost of treatment within the USA is estimated 
at over 2.6 billion dollars per year [2]. Nowadays whereas the overall number of 
hospitalizations is declining, the hospitalizations due to diverticular disease and 
diverticulitis are rising, especially in younger patients [8, 9]. Etzioni et  al. 
reported a 26% increase in admissions coded as acute diverticulitis from 1998 
to 2005 (120,500–151,000 admissions). The greatest increase in admissions was 
in the age ranges of 15–44 and 45–64 years [8]. A further study of NIS data from 
1998 to 2005 reported an overall age-adjusted increase in hospital admissions 
from 61.8 per 100,000 to 75.5 per 100,000 hospitalizations, with equal gender 
and age distribution [9].

On the other hand, the temporal trends of prevalence of hospitalization for diver-
ticulitis and its complications among elderly patients have been stable during the 
last decade, except those for bleeding which is becoming more frequent especially 
among octogenarians [5].
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13.3  Pathogenesis

13.3.1  Diverticulosis and Diverticular Disease

As regards pathogenesis, it is well known that diverticula develop at well-defined 
points of weakness, which correspond to where the vasa recta enter the circular 
muscle layer of the colon. Change in the extracellular matrix and altered collagen 
structure with age partly explains this pattern. In addition, emerging evidence sug-
gests that vascular smooth muscle cell behaviour is modified by age. Abnormal 
colonic motility is another important predisposing factor in the development of 
diverticula. On this basis, several authors speculate that ageing could be a prominent 
risk factor for both cardiovascular disease and diverticulosis [10].

Higher prevalence of diverticulosis in older subjects is consistent with several 
observations. Changes in traditional lifestyle and diet of Western populations prob-
ably play some role, of course under the influence of genetic factors [7], but to date, 
the inherent genetic risk remains unknown [11].

Another risk factor called into play is the Western toilet, described as an unnatu-
ral method of defecation [12]. Moreover, current studies have demonstrated a strong 
association between smoking and symptomatic diverticular disease. In his Swedish 
cohort study on 4209 individuals with a diagnosis of symptomatic diverticular dis-
ease, Humes [13] demonstrated that smoking is associated with symptomatic diver-
ticular disease with an increased risk of developing complicated diverticular disease. 
In fact, heavy smokers (≥15 cigarettes a day) had a 1.6-fold increased risk of devel-
oping symptomatic diverticular disease compared with nonsmokers.

About cardiovascular disease as a risk factor, several studies have provided evi-
dence suggesting a link between diverticular disease and cardiovascular disease. 
The pathogeneses of diverticular disease and cardiovascular disease are multifacto-
rial and complex. Chronic inflammation contributes to both diseases, particularly in 
the elderly. As regards physiologic changes, Aldoori et al. [14] found that overall 
physical inactivity was associated with the risk of diverticular disease, while 
Williams et al. [15] demonstrated that vigorous physical activity was inversely asso-
ciated with the risk of incident diverticular disease among older men and women. 
Obesity is also a significant risk factor for diverticulitis and diverticular bleeding. 
The Health Care Professionals Follow-Up Study demonstrated after an 18-year 
follow-up that subjects with a BMI >30 kg/m2 had a significantly increased risk of 
developing diverticulitis or diverticular bleeding compared with those with a BMI 
of <21 kg/m2 [16]. Moreover, a Swedish study confirmed that a BMI > 30 kg/m2 
increased the risk of being hospitalized with symptomatic diverticular disease over 
a 28-year follow-up [17].

As regards comorbidity, atherosclerosis is considered the main cause of diver-
ticular bleeding, but also cerebrovascular disease and hyperuricemia are significant 
predictors of diverticular bleeding [18].
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A recent meta-analysis has demonstrated that various medications of common use, 
especially in aged persons, are implicated in complications of diverticular disease, 
with pooled data showing significantly increased odds of perforation and abscess for-
mation with steroids (OR: 9.08), opioids (OR: 2.52) and NSAIDs (OR: 2.49). 
Increased odds of diverticular bleeding from NSAIDs (OR = 2.69), aspirin (OR = 3.24) 
and calcium-channel blockers (OR = 2.50) were also demonstrated [19].

All factors associated with the development of diverticulitis and complications 
should be explored in subjects presenting with symptoms of diverticulitis, as they 
may facilitate diagnosis and suggest possible evolution of disease. Intuitively in 
aged persons, these roles harbour an enhanced meaning and should be carefully 
weighed together with outcome predictors.

13.3.2  Complicated Diverticular Disease

In general, of patients with diverticula, 80–85% remain asymptomatic, while, for unknown 
reasons, only three-fourths of the remaining 15–20% of patients develop symptomatic 
diverticular disease comparatively. It is estimated that 10–30% of patients with diverticu-
losis will suffer from complications such as diverticulitis and gastrointestinal bleeding, and 
the associated mortality is estimated at 23,600 deaths per year in Europe [20].

Elderly patients are traditionally thought to be most commonly affected not only 
by diverticulosis but also by diverticular disease and its complications. The increased 
risk of diverticulitis, of its septic complications and bleeding in the elderly has been 
associated with several factors inherent to physiologic changes, comorbidities and 
chronic medical treatments typical of advanced age.

Moreover, older patients with diverticulitis and complications are at a higher risk 
of poor outcome [6]. Even if in several studies the impact of age may have been 
confounded by comorbidity, a large population study, based on the English “Hospital 
Episode Statistics” database between 1996 and 2006, has demonstrated that age per 
se is an important predictor of mortality, extended length of stay and early readmis-
sion [21]. More specifically, the authors showed that the largest number of admis-
sions was in the 70–79 age group, but the worst outcomes were in the oldest over 80 
patients. Further independent predictors of poor outcomes were comorbidity, as 
measured by the Charlson Index, emergency admission and emergency surgery. The 
authors concluded that these factors should be identified, allowing management 
modification to optimize outcomes. Another population study in Olmsted County, 
Minnesota, found that among people with diverticulitis, the risk of death was greater 
in older people (HR per decade 2.12; 95% CI, 2.00–2.25, p < 0.001) [6].

In accordance with the overall risk of mortality of older patients with diverticu-
litis, emergent colorectal surgery in the elderly is associated with significant mor-
bidity and mortality [22]. In octogenarians, up to sixfold higher mortality rate has 
been reported after emergency colorectal surgery [23]. According to these studies, 
identification of high-risk individuals, aggressive resuscitation and prompt treat-
ment may help in optimizing the outcome of elderly patients undergoing emergency 
colorectal surgery.
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13.4  Elective Surgery

13.4.1  Indications

The indications for elective colectomy following diverticulitis are debated. 
Guidelines drawn up in the 1990s recommended performing an elective sigmoid 
resection after two episodes of acute diverticulitis, after a single episode in young 
patients or in case of chronic complications, such as stenosis or fistulas. These 
guidelines were based on the following wrong assumptions:

 1. Recurrence rate after every episode is at least 33%;
 2. Every recurrence means a higher risk of perforation and other acute 

complications.
 3. Complicated diverticulitis is associated with high morbidity and mortality [24]. 

Therefore, an elective sigmoid resection could prevent mortality and permanent 
colostomy.

More recently, these recommendations have been challenged because a new data 
on the natural history of diverticulitis have shown that most severe complications, 
such as free perforation, do not occur after recurrences but at the first attack of acute 
diverticulitis. In fact, the rate of diverticulitis recurrence after resection (5–11%) is 
similar to the rate of recurrent hospitalized events (4–13%) for those who did not 
have elective resection [25]. Modelled analyses have shown that elective colectomy 
has little value as a prophylactic measure since its rising rate does not correlate with 
decreases in emergency hospitalization and colectomy [8, 26]. Recent studies have 
confirmed that the risk of emergency colectomy is greatest at the initial episode of 
diverticulitis, with 80–90% of emergency procedures being performed in patients 
without prior hospitalization [27]. Furthermore, conservative management of recur-
rent nonperforated diverticulitis is associated with low rates of morbidity and mor-
tality [28] advocating a more individualised and conservative approach [29].

Currently it seems clear that those patients treated conservatively for acute diver-
ticulitis but still complaining of symptoms that are well correlated to colonic steno-
sis or fistulas to hollow organs are good candidates for elective surgery. An elective 
sigmoid resection should be performed also in patients with recurrent diverticular 
bleeding.

When surgery is contemplated, the number of attacks of acute diverticulitis 
seems less important than the severity of the complaints and patient-related risk 
factors.

Despite these recommendations leading to increasing support for nonoperative 
management of uncomplicated diverticulitis, early elective surgery still appears to 
be a common practice. In a recent retrospective cohort of hospitalized diverticulitis, 
Simianu [30, 31] and coworkers found that 56.3% of elective resections for diver-
ticulitis occurred in patients with fewer than three episodes, confirming that the 
incidence of elective colectomy has more than doubled [8], despite suggestions 
from actual guidelines [29, 32–34].
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As regards patient-related factors, age and certain comorbid conditions may be 
associated with a more hazardous course of diverticular disease. Patients older than 
70 years have higher mortality rates, although this does not seem to be an indepen-
dent factor [35].

Moreover, the presence of other comorbidities, such as chronic renal failure, 
diabetes, collagen-vascular diseases or use of steroids and NSAIDs (nonsteroidal 
anti-inflammatory drugs), has been associated with an increased risk of perforation 
and mortality in diverticular disease [27].

Several authors postulated that the threshold to recommend and undergo surgical 
resection for diverticulitis might be lowered by the availability of laparoscopy. This 
hypothesis originated from evidence that in the USA and in other countries, the 
widespread practice of laparoscopic resection has been associated with higher rates 
of elective surgery for diverticulitis [36, 37]. A recent large cohort suggests that the 
number of previous episodes should not drive the decision whether or not to 
approach resection for diverticulitis laparoscopically [38].

Given the substantial discrepancies in how episodes are counted, a better 
approach to determining the actual clinical burden of diverticulitis on patients 
may be evaluation of the healthy time between episodes. A normal interval 
between episodes has not yet been described. Similarly, a time-based interval 
definition of smouldering diverticulitis has not been proposed. Rather, this rec-
ognised entity is defined by rebound symptoms when the treatment is withdrawn 
or a more rapid recurrence of diverticulitis occurs in typical patients. This 
debate is particularly relevant because most elderly patients with newly diag-
nosed diverticulitis do not have recurrences and do not undergo operations for 
their disease.

Lidor et al. [39] followed 16,048 individuals after an episode of diverticulitis for 
an average of 19.2 months; their mean age was 77.8 years, 14.0% of them under-
went surgery, and 82.5% had no further recurrences. Of patients initially managed 
nonoperatively, 97% did not have surgery. Individuals treated as outpatients upon 
first presentation and patients ≥80 were significantly less likely to have recurrent 
episodes and were less likely to require an operation. Authors concluded that the 
majority of elderly patients newly diagnosed with diverticulitis did not require sur-
gery nor experience recurrent episodes. The apparent benign course of this disease 
in this population suggests that a conservative approach to the management may be 
appropriate. Accordingly, a recent consensus in Italy concludes that there is no role 
for prophylactic interval colectomy after one or more episodes of acute diverticuli-
tis, and the decision to perform elective resection after one or more episodes of AD 
should be undertaken on a “case-by-case” basis statement (EL 2b—RG B) [7, 34].

On the other hand, the Sigma trial and previous studies have demonstrated 
very low mortality rates after elective resection for diverticular disease even in 
such high- risk patients, who should be thus considered good candidates for an 
elective sigmoid resection when responding to individualized criteria mentioned 
above [40]. Patient’s quality of life and anxiety about future episodes may also 
be considered as important factors in decision making related to early, elective 
surgery.
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13.4.2  Principles of Surgical Technique

As far as timing is concerned, in order to minimize the risk of intraoperative com-
plications, caused by oedema, acute inflammation, adhesions causing difficulty in 
identifying the right planes and ureter and any resulting perioperative complications 
(fistula, leakage, haematoma or abscess), it is important to choose the optimal time 
for elective surgery. A prospective comparison of early and late laparoscopic resec-
tion showed a significantly higher rate of anastomotic leak, abdominal abscess, hos-
pital stay and conversion rate during early elective surgery [41]. Similar results have 
been reported by Zingg et al. [42].

Surgical technique does not differ greatly from the standard open approach to the 
minimally invasive approach. As this is for a benign disease, the dissection should 
be close to the colonic wall, to avoid ureteric injury. Consideration should be given 
to preoperative (or intraoperative) ureteric stenting if a diverticular phlegmon or 
colo-vesical fistula is suspected. In order to avoid recurrence, resection should be 
extended to the upper rectum [43]. Sacrifice of the inferior mesenteric artery or 
superior rectal artery has not been shown to affect rates of anastomotic leak [44, 45]; 
however, patients may have a better functional outcome if the vessels are preserved 
[46, 47]. Mobilisation of the splenic flexure may be required to allow for a tension- 
free anastomosis [48].

A left colic resection for diverticular disease must provide for the resection of all 
the sigmoid tract, a resection that can be extended proximally if it involves inflam-
mation of the descending colon. The simple presence of diverticula is not an indica-
tion for a more proximal extension of the resection.

The vascular time may foresee the conservation of the left colic artery or even the 
whole mesenteric and rectal arteries with bindings exclusively of sigmoid arteries. 
The ligation of the inferior mesenteric artery is not mandatory in elective sigmoid-
ectomy for diverticulitis but can facilitate identification of the ureter in complex 
diverticulitis: however, its preservation may improve the blood supply of the anas-
tomosis and avoid damage to the pre-aortic nerves. In a recent meta-analysis [45], 
the leak rate was 7.3% in the patients with preservation of the inferior mesenteric 
artery versus 11.3% in the ligation group, a difference which was not statistically 
significant. For this reason, there is limited evidence that there may be a benefit in 
preserving the inferior mesenteric artery.

A colorectal anastomosis is then performed using a circular stapler of adequate 
size (at least 2.8 cm) introduced to the transanal way after having positioned the 
anvil of the stapler in the descending colon prior to packaging a colonic suture.

At the end of the procedure, a pneumatic test can be performed, by introducing 
air through the anus, having first filled the pelvic cavity with water: if bubbles 
appear, a simple suture of the hole, if clearly visible, or a protective ostomy can be 
performed. The intervention concludes with the positioning of drainage in the pel-
vic cavity and the closure to anatomical layers of the abdominal wall.

Laparoscopic access for elective colon resection could be recommended for uncom-
plicated diverticulitis, but it has to be performed by well-trained surgeons. Laparoscopy 
has short-term advantages over open surgery in terms of blood loss, post-operative ileus, 
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morbidity, hospital stay and overall costs (1B) [34]. Two randomised controlled trials 
[49, 50] demonstrated less blood loss, less pain (fewer analgesic requirements), shorter 
hospital stay and improved quality of life. Conversion rates are in the order of approxi-
mately 9% but may be much lower in expert hands. The results of the Sigma trial [40] 
suggested a 15.4% reduction in major complications and a 27% reduction in major 
morbidity with no difference in late outcomes at 6-month follow-up.

A recent meta-analysis comprising 19 studies (2383 patients) comparing open 
and laparoscopic sigmoid colectomy demonstrates that laparoscopic sigmoid resec-
tion is safe and has fewer post- operative surgical complications in terms of wound 
infection, post-operative ileus, transfusion requirements and incisional hernia (3%) 
[51, 52]. A systematic review of case-control studies [53] reports the findings of the 
above RCTs with lower overall morbidity and fewer minor complications in the 
laparoscopic group. A retrospective review of ACS-NSQIP data demonstrates a 
lower risk of complications (major wound, respiratory, cardiovascular and sepsis) in 
patients undergoing laparoscopic resection with primary anastomosis [54].

Hand-assisted laparoscopic surgery maintains the advantages of laparoscopy in 
complicated disease while avoiding conversion to open surgery in very inflamed 
and laparoscopically challenging operative fields. A systematic review of hand- 
assisted laparoscopic surgery in colonic surgery [55] suggests it may be useful espe-
cially in complicated diverticular disease [56, 57]. Compared to open surgery, 
hand-assisted laparoscopic surgery colectomy is associated with shorter hospital 
stay, smaller incision lengths, faster recovery of gastrointestinal function, less anal-
gesic requirements, less blood loss and lower post-operative pain scores [58].

Single-incision laparoscopic surgery for diverticular disease has been performed 
although the evidence is limited to small case series demonstrating feasibility and 
safety of the technique [59, 60].

Actually, there is little experience and few papers about the use of the robotic 
approach in diverticulitis, but there are some reasons to use that approach: to sim-
plify a challenging situation, lower conversion rate, simplify pelvic stitch (fistula), 
avoid ureter injury (0.3–1.5%) and improve sexual and urinary outcomes [61]. The 
conversion rate is 6% in laparoscopic approach versus 2% with robotic technique, 
considering that the degree of inflammation and BMI [62] are the most important 
risk factors. In surgery for fistula as well, conversion rate is higher in laparoscopic 
(14–61%) versus robotic (0–4%) procedures [63]. Robotic colorectal surgery in 
diverticulitis is a safe and feasible option, but longer operation time and high costs 
are the main actual limitations to employing it.

13.5  Treatment of Diverticulitis, Diverticular Bleeding 
and Septic Complications in Elderly Patients

13.5.1  Outpatient Treatment of Acute Uncomplicated 
Diverticulitis

Between 1998 and 2005 in the USA, there have been 323,097 hospital admissions 
for diverticulitis, and more than 50% of them were in elderly patients [64].
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While outpatient treatment of patients with uncomplicated acute diverticulitis 
appears to be safe in younger patients [65], in elderly ones it is still a matter of 
debate. The following parameters should be considered in making this decision: 
patient’s presentation, ability to tolerate oral intake, comorbidity and adequate out-
patient support. Based on these criteria, elderly patients have a high probability of 
needing hospital admission for adequate treatment. Hence, hospitalization for 
uncomplicated diverticulitis is recommended if the patient is over 75 years of age, 
especially if she/he has comorbidity [66]. According to several other authors, how-
ever, treatment of elderly patients with uncomplicated diverticulitis at home may be 
safe and effective even in the presence of associated but stabilized comorbidity (car-
diopathy, diabetes, renal failure, etc.) [67]. This may be facilitated by the presence 
of Hospital at Home or other outpatient support services.

In patients with uncomplicated diverticulitis who are clinically stable and able to 
tolerate fluids, outpatient treatment is based on broad-spectrum antibiotics covering 
anaerobes and gram-negative rods for 7–10 days and a clear liquid diet. Patients 
should improve within 48–72 h, at which time solid foods may be cautiously intro-
duced. Close follow-up is considered crucial: patients experiencing increasing pain, 
fever or inability to tolerate oral fluids should be promptly hospitalized [66].

13.5.2  In-Hospital Treatment of Acute Uncomplicated 
Diverticulitis

Hospitalization is recommended if patients show signs of significant inflammation, 
are unable to take oral fluid, are over 75 years of age or have significant comorbidity 
(diabetes, chronic renal failure, malignant haematological diseases, HIV infection, 
chemotherapy, steroid therapy, transplant). Treatment options are triaged according 
to severity of clinical and radiologic findings.

Contrast-enhanced computer tomography with multi-detector technology is the 
first-line colonic examination [7] and offers a comprehensive evaluation of uncom-
plicated and complicated forms [68]. The severity of diverticulitis on CT scan is 
also statistically predictive of the risk of medical treatment failure during the acute 
phase and of the chances of bad secondary outcome after a successful medical treat-
ment of the first episode [69].

In case of acute uncomplicated diverticulitis, as in patients with acute complicated 
diverticulitis who do require emergency surgery, bowel rest, intravenous antibiotics and 
intravenous fluid support are mandatory. Improvement of symptoms should be expected 
within 2–4  days, at which point a solid diet can be progressively reintroduced. If 
improvement continues, patients may be discharged to complete a 7–10-day oral antibi-
otics course. Those not responding within 2–4 days require surgical consultation.

13.5.3  Management of Septic Complications

Septic complications of diverticulitis include abscess and free perforation with peri-
tonitis. They are among the most frequent causes of severe abdominal sepsis in 
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elderly patients, which accounts for a mortality rate ranging from 54 to over 90%. 
Recently, Ukkonen and coworkers have shown that hospital and 1-year mortality 
rates of patients with abdominal sepsis increased with age, being over 90% in sub-
jects aged 80 years or more. The mortality was higher in patients with comorbidities 
including cardiac, chronic pulmonary and chronic renal diseases and in those on 
cancer chemotherapy [70].

Moreover, it is estimated that 22–28% of patients with diverticular disease [25], 
presenting with septic complications, will require an urgent operation. These com-
plications are associated not only with increased mortality and need for surgery but 
also with prolonged hospital stays, increased intensive care requirements and 
increased costs.

Even if specific outcome data and evidence-based indications in the elderly are 
scarce, it is widely recognised that rapid diagnosis, proper treatment with both anti-
biotics and supportive therapy and source control are crucial. In the elderly, how-
ever, physiological aspects and poor cooperation may interfere with the diagnostic 
and therapeutic process.

When there is a suspicion of intra-abdominal sepsis, an urgent CT study reduces 
diagnostic delay and guides the appropriate measures in order to rapidly control the 
source of infection.

13.5.4  Treatment of Diverticular Abscesses

Diverticular abscesses are associated with an acute mortality of 5–10% [71] but are 
also associated with a high risk of recurrences and further disease complications 
[72]. Patients with a CT diagnosis of diverticular abscess have three treatment 
options: (a) diverticular abscesses with a diameter of 3–4 cm or less should be medi-
cally treated with broad-spectrum antibiotics, (b) diverticular abscesses with a 
diameter of 4 cm or larger should undergo percutaneous-guided drainage (PGD) 
and (c) diverticular abscesses not amenable of or not responding to nonoperative 
treatment (including PGD) should undergo surgery with bowel resection.

In 2014, a systematic review showed that percutaneous drainage was successful 
in 49% of patients (diameter > 3 cm) and antibiotic therapy in 14% of patients. An 
urgent surgery during the index hospitalization was performed in 30% of patients, 
elective resection in 36% and no surgery in 35%. Recurrence rates were as high as 
39% in patients awaiting elective resection and 18% in the non-surgery group, with 
an overall recurrence rate of 28%. Of the whole cohort, only 28% had no surgery 
and no recurrence during follow-up [71]. A recent series confirmed that recurrences 
after medical treatment are frequent and may be more severe than the index presen-
tation [72]. On the other hand, previous retrospective studies have shown that per-
cutaneous CT-guided (or US-guided) drainage of diverticular abscesses is safe and 
effective in treating acute intra-abdominal sepsis, bridging patients to elective 
single- stage resection [73–76].

The size of the abscesses is an important determinant of success of treatment: 
those of 4 cm or more in diameter are less likely to be associated with successful 
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antibiotic treatment alone and more likely to be amenable to percutaneous-guided 
drainage [73–75]. Besides the size of abscess, other factors may influence the risk 
of nonoperative treatment failure, but the evidence is mostly based on small retro-
spective series. Factors associated with PGD failure have been ASA 4 (OR: 11.6) 
[77], pelvic location of abscess [76], systemic features of inflammation [75], immu-
nosuppression and chronic kidney disease [78]. Age per se has not been associated 
to PGD failure.

Once it is evident that percutaneous drainage has failed, there are two options: 
positioning a new drain or proceeding to surgery. Both have drawbacks that must be 
carefully considered, especially in elderly persons. First, the number of drainage 
attempts is directly correlated to the risk of urgent Hartmann’ resection [79]. 
Second, drainage failure and older age are associated with increased post-operative 
morbidity [77]. An elderly patient presenting with a diverticular abscess should be 
treated according to the criteria applied in younger subjects, and age should not dis-
suade surgeons from urgent action when indicated.

A controversial issue, with substantial meaning in the aged frail person, is the 
need of subsequent elective colectomy after a first episode of diverticular 
abscess, successfully treated medically or with PGD.  The high risk of recur-
rence and further disease complications after successful nonoperative treatment 
advocates for an interval elective colectomy [77], whereas an expectant man-
agement is supported particularly in patients with comorbidities and a high risk 
for mortality [80].

Case-by-case decision making is mandatory, balancing on one side, the risk of 
recurrence based on the above-mentioned factors, including comorbidities and 
polypharmacy, and on the other side the risk of elective surgery in the aged person.

13.5.5  Treatment of Diffuse Peritonitis

Diverticular perforation and diffuse peritonitis are life-threatening conditions with a 
mortality rate of up to 13% for purulent contamination and 43% for fecal contami-
nation [28, 81–85]. It requires emergency surgery, independently of patient’s age. 
The choice of procedure to perform is based primarily on severity of peritonitis, 
which is most commonly graded according to Hinchey classification. Further fac-
tors that should influence the decision-making process are age, comorbidities, ste-
roid or immunosuppressant treatments.

Resection and primary anastomosis with or without proximal fecal diversion and 
non-restorative sigmoid resection, namely, Hartmann’s procedure, peritoneal lapa-
roscopic lavage and less invasive stepwise strategies including damage control sur-
gery constitute the main available armamentarium. At present time, the Hartmann’s 
procedure remains the surgical gold standard for many surgeons as it provides 
removal of septic source with relative ease and safety [86, 87].

However, as far as purulent peritonitis is concerned, two recent, prematurely 
interrupted RCTs [88, 89], along with data from previous studies with weaker 
design [90–99], plus systematic reviews [100–102], have indicated that resection 
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and primary anastomosis with or without proximal fecal diversion are not inferior to 
Hartmann’s procedure, in terms of surgical efficacy and safety.

Moreover, reversal of colostomy after Hartmann’s procedure adds a challenging 
operation, associated with relevant morbidity and mortality; as such it will never be 
performed in a wide proportion of patients leaving them with a permanent stoma [85, 
88]. Even if ageing exerts a significant influence on physical health-related quality of 
life independently of single-staged or staged resection for complicated diverticulitis 
[100], age and comorbidities are determinants of non-reversal of Hartmann’s proce-
dure [95]. Accordingly, generally speaking resection with primary anastomosis is 
considered a preferable approach in most patients with purulent peritonitis, reserving 
the Hartmann’s procedure to cases at increased risk of anastomotic leakage [103, 
104]. A propensity score analysis has indicated that factors influencing the choice 
between Hartmann’s and primary anastomosis are body mass index >30  kg/m2, 
Mannheim peritonitis index >10, operative urgency and Hinchey stage >II [105]. A 
subsequent decision-analysis suggests that central to the operative strategy decision 
is an accurate calculation of the risk of complications using validated prediction 
models, as well as determination of patient attitudes towards complications and 
reversal operations [38]. Furthermore, surgical specialization remains a potent pre-
dictor of operation performed in the setting of severe acute diverticulitis [106].

Recently laparoscopic peritoneal lavage (LPL) with drainage and antibiotics has 
been introduced into the surgical practice for purulent peritonitis from diverticular 
colonic perforation, with the aim to decrease the rate of HP [107, 108]. In 2009, 
Toorenvliet’s systematic review identified 231 patients with acute diverticulitis who 
underwent LPL, drainage and antibiotics therapy [109]. In 95.7% of patients this min-
imally invasive procedure permitted adequate control of the abdominal and systemic 
sepsis, with low rates of mortality (1.7%), morbidity (10.4%) and stoma (1.7%). Most 
patients subsequently had a delayed elective laparoscopic PRA. Patients who did not 
undergo subsequent resection had a long recurrence-free period. The authors con-
cluded that LPL was an effective and safe treatment of peritonitis secondary to perfo-
rated diverticulitis [109]. However, the use of peritoneal lavage without primary 
resection in generalised peritonitis originating from perforated diverticulitis remains 
controversial. Recently three RCT (DILALA-trial, Scandiv-trial, LADIES trial) 
including a total of 343 participants (178 in the lavage group versus 175 in the resec-
tion group) have been published on this topic [110–112].

Five meta-analyses of these RCT trials have been published [113–117] that failed 
to demonstrate significant benefits. Overall, the quality of evidence was low due to 
serious concern regarding the risk of bias and imprecisions. A significantly increased 
rate of intra-abdominal abscess formation (RR = 2.54, 95% CI 1.34–4.83) (moder-
ate quality of evidence) was seen with this approach. However, LPL does not appear 
inferior to traditional surgical resection and may achieve reasonable outcomes 
(lower rate of post-operative wound infections, R = 0.10, 95% CI 0.02–0.51) and 
less hospital resources (shorter duration of post-operative hospital stay during index 
admission, WMD = −2.03, 95% CI − 2.59–−1.47).

Fecal peritonitis is usually a polymicrobial infection with a high bacterial load 
due to the high density of Bacteroides spp., Enterobacteriaceae, and enterococci. As 
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such, it is frequently a cause of sepsis and is associated with high mortality rates. A 
recent study [118] on a large cohort of patients with fecal peritonitis admitted to the 
European ICUs found a 6-month mortality of 31.6%. As reported in previous series 
of patients with abdominal sepsis [119, 120], the most significant prognostic factor 
in this study was increased age. In the elderly undergoing gastrointestinal surgery 
with severe sepsis, Ukkonen et al. reported an in-hospital mortality of 47.9% and a 
1-year mortality of 64.4%, including 31.6% of the discharged patients [70].

Limited data are available to sustain a specific surgical strategy in diffuse fecal 
peritonitis.

In most retrospective series, the Hartmann’s procedure is the first choice in 
patients with diverticular perforation and fecal peritonitis [100–102]. In fact, 
even if resection with primary anastomosis has shown similar results in terms of 
efficacy, when considering feculent peritonitis, the number of accrued patients 
is still inadequate to challenge the established use of non-restorative surgery 
[88, 89].

Diverticular perforation with diffuse peritonitis and severe sepsis is an extreme 
often-fatal infectious event, especially in an elderly subject. Patients have poor pre- 
and intraoperative conditions (septic shock and organ failure) and are haemody-
namically unstable with a significant need for catecholamines. The ICU scoring 
systems (APACHE, SAPS and SOFA) and elevated lactate levels predict increased 
mortality, and a rapid control of source of infection is mandatory. In the past, 
patients deemed at high risk for the Hartmann’s procedure underwent a three-stage 
procedure with colostomy as first stage.

A recent alternative for these “extreme” cases has been introduced as damage 
control surgery [121]. It is based on a fast procedure with peritoneal lavage, lim-
ited resection of the perforated segment with blind ending of bowel stumps or 
closure of the perforation site by suture, limited intestinal mobilisation and 
abdominal closure by vacuum-assisted systems. The decision to restore continuity 
or create a colostomy is postponed to an elective second-look laparotomy 24–48 h 
afterwards, following resuscitation at the intensive care unit. Accordingly, the 
decision-making process takes place in a haemodynamically stable patient with 
the possibility to consider the clinical course (deterioration or improvement), the 
comorbidities and other risk factors and to re-evaluate the local peritoneal and 
colonic conditions. This strategy offers the advantages of a rapid source control 
and a “delayed” reconstruction of bowel continuity with reduction of ostomy rate. 
Data are still scarce, and no specific evidence in elderly patients has been pub-
lished so far, but Kafka-Ritsch have reported their 5-year experience in 2012 
[122]. They showed an in-hospital mortality rate of 9.8% which compares favour-
ably with general and peritoneal/septic conditions of patients in their series. Most 
notably, 76% were older than 65 years, 84% were ASA IV/V, 63% had a >25 MPI 
and 22% had fecal peritonitis. Furthermore, 77% of all patients and 50% of 
patients with fecal peritonitis were discharged with their colon reconstructed. 
Although further evidence is clearly needed, this emergency option may be a 
valuable tool when dealing with older and frail patients at high risk of septic 
complications.
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13.6  Diagnosis and Treatment of Diverticular Bleeding

Colonic diverticula are the most typical source of lower gastrointestinal bleeding 
accounting for more than 40% of episodes [123, 124]. Diverticular bleeding resolves 
spontaneously in up to 90% of episodes but has an overall recurrence rate from 22 
to 38% [125–127]. Severe haemorrhage can arise in 3–5% of patients with diver-
ticulosis [125, 126].

Early recurring or persistent or massive bleeding usually requires interventional 
treatment.

The following risk factors for recurring bleeding have been identified: old age, 
diverticulitis, peripheral vascular disease and chronic kidney disease [128]. Several 
other factors, such as blood pressure medications, tachycardia, low diastolic blood 
pressure, low haemoglobin and INR > 1.5, may help to predict severe diverticular 
haemorrhage at the time of presentation [129].

Female sex, warfarin use and chronic kidney disease were associated with sig-
nificantly greater risk of transfusion need, while NSAID use was associated with 
significantly greater risk of further bleeding during hospitalization and subsequent 
prolonged stay [130].

Intuitively most of those conditions are associated with advanced age.
At the present time, diagnosis of diverticular bleeding is based on contrast- 

enhanced computed tomography and colonoscopy. In about 30% of patients, CT 
can identify the diverticular source of bleeding; hence, it should precede colonos-
copy to guide haemostasis in these cases [131].

Though different algorithms have been suggested, the initial management is most 
commonly based on support and surveillance. Once it has been established that 
bleeding has not stopped spontaneously, interventional endoscopy is mandatory. 
Endoscopic haemostatic manoeuvres, by means of epinephrine injection, multipolar 
or heat probe coagulation, placement of endoclips, band ligation or combinations of 
the above, are successful in controlling most diverticular bleeding.

If colonoscopy is not available or if it fails to reveal or control the bleeding 
source, further intervention is required. Usually angiographic selective emboliza-
tion or intraarterial infusion of vasopressin is performed, but the subsequent risk of 
bowel infarction must be considered.

Surgery may be required for massive bleeding with haemodynamic instability or 
failure of previous treatment attempts. Segmentary resection is appropriate when 
the bleeding source has been identified; otherwise a subtotal colectomy has to be 
performed. Urgent surgery is associated with high rates of post-operative complica-
tions and mortality (10–30%).

Elective resection might be considered in patients with comorbidity and two or 
more episodes of diverticular haemorrhage, but surgical decision is again on a case- 
by- case basis.
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14.1  Epidemiology

Colorectal cancer is the third most common cancer in men and the second most 
common in women with 1,360,000 newly diagnosed patients worldwide [1] and 
almost 694,000 estimated deaths in 2012. There is a higher incidence in older popu-
lations [2]; in fact, the highest risk of developing a colorectal cancer occurs around 
the age of 70 years, while it is infrequently diagnosed before the age of 40 years. 
Seventy-five percent of colorectal cancer diagnoses are in patients over 65 years. In 
both Europe and the United States, approximately 50% of colorectal cancer patients 
are older than 70 years of age, and, among these, colorectal cancer is the second 
leading cause of cancer death [3]. Moreover, life expectancy has lengthened in 
elderly patients. According to World Health Organization (WHO) reports, estimated 
life expectancy at age 60 years was 21.5 years in women and 18.5 years in men in 
2012 [4]. Increasing life expectancy corresponds to a rapid increase of the elderly 
population. Thus, age could be considered as a major risk factor for the develop-
ment of this cancer [5].

14.2  Who Is “Elderly?”

Elderly patients form a specific population due to comorbidities, disability, and 
organ-specific physiological changes that have impaired their enrollment in clinical 
trials and thus the transposition of current guidelines which have been established 
in younger patients. One of the most difficult problems in evaluating the outcomes 
of colorectal surgery in elderly patients is that there is no clear definition of an 
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elderly patient, with ages varying from 65 to 80 years in different publications [6]. 
“Elderly” is a very subjective definition that arises from the environmental culture 
of the patient: it has been defined as a chronological age of ≥65 years of age, which, 
in turn, has been divided into early and late elderly for those who are 65–74 years 
of age and over 75 years, respectively [7].

14.3  Histopathology

Adenocarcinoma occurs in more than 95% of colorectal cancer with lesions that can 
be infiltrative, ulcerated, or polypoid; histologically, it can be well differentiated, 
moderately differentiated, or poorly differentiated. Mucinous adenocarcinoma (5%) 
is diagnosed when mucosa occurs in more than 50% of the tumor tissue and usually 
has a worse prognosis. Other histotypes (<5%) are lymphomas, sarcomas, and car-
cinoid tumors. In accordance with the international literature data, the proportion of 
right-sided colon cancer is relatively high in patients aged under 40 years and over 
80 years. Right-sided colon cancer is more likely to be detected at an advanced 
stage with severe symptoms. Polypoid-type early cancer is dominant in the left 
colon, while the proportion of flat-type early cancer is significantly higher in the 
right colon than in the left colon.

14.4  Risk Assessment

Elderly patients frequently have one or more comorbidities and are often “frail”; for 
these reasons, they have a very high risk of morbidity and mortality. While the cut-
off for a definition of elderly patients varies from 65 to 70 years of age [8], as previ-
ously said, defining elderly patients based on functional status is more accurate than 
age itself. Aging, especially if associated with cancer, is commonly associated with 
a functional decline, cognitive disorders, frailty, comorbidities, malnutrition, falls, 
and polypharmacy, resulting in increased vulnerability and institutionalization as 
well as an increase in health system costs.

The International Society of Geriatric Oncology (SIOG) recommended that 
patients affected by colorectal diseases >65 years of age undergoing surgery should 
experience a preoperative whole-patient assessment of the most common physio-
logical side effects of aging, physical and mental ability, and social support [9]. 
Many studies have shown that age alone is not a significant prognostic factor in 
survival after colonic surgery [10]. Several authors have tried to quantify the corre-
lation between comorbidities and postoperative mortality or morbidity [11]. Physical 
frailty increases the risk of major complications following surgery [odds ratio (OR) 
4.1 (1.4–11.6)] in patients >75 years (range 75–93) and is predictive for both com-
plications and survival in patients >70 years following surgery [12].

It is mainly frail elderly patients who suffer postoperative complications such as 
cardiac problems, pneumonia, and deep vein thrombosis. Due to the high rate of 
postoperative complications in the elderly, geriatricians designed the 
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comprehensive geriatric assessment (CGA) as a multidimensional tool that accu-
rately predicts postoperative morbidity, in order to assess preoperative risks and 
physiological reserves of the elderly. The results of the CGA can lead to developing 
individualized geriatric intervention programs, and in many subfields of geriatrics, 
the CGA is used to evaluate geriatric conditions that are associated with frailty [13]. 
A preoperative CGA may be used to assess the condition of each patient’s health 
within 6 months of surgery. In this protocol all patients related face-to-face with a 
geriatric team, composed of geriatricians, nurse specialists, dieticians, and pharma-
cists. The preoperative CGA had eight domains: burden of comorbidity (Charlson 
Comorbidity Index, CCI), polypharmacy, physical function according to activities 
of daily living (ADL), instrumental ADL (IADL), cognitive status (Mini-Mental 
State Examination), risk of postoperative delirium (Nursing Delirium Screening 
Scale), Geriatric Depression Scale, and nutritional status (Mini Nutritional 
Assessment). The definition of “deficit” in each domain is a score of 3 or more for 
comorbidities [14], the regular use of eight or more drugs [15], poor physical func-
tion assessed by using the ADL, poor physical function assessed by using the IADL 
[16], cognitive dysfunction assessed by using the Mini-Mental State Examination, 
severe depression, and malnutrition.

As seen in a recent Korean large study [17], a preoperative CGA indicating “high 
risk” (patient who had deficits in two or more domains) was associated with major 
postoperative complications (Clavien-Dindo grade II or higher within 30 days of 
surgery) in elderly patients who underwent surgery for colorectal cancer. Thus, 
using the CGA, we are able to identify elderly colorectal cancer patients who should 
be given greater attention during pre- and postoperative management in order to 
achieve a clinical benefit.

14.5  Diagnosis and Screening

Colorectal cancer in older patients is more often diagnosed at a later stage than in 
younger patients. As a result, older patients more frequently require emergency and 
palliative surgery, which increases the risk of perioperative morbi-mortality. Delays 
in colorectal cancer diagnosis are multifactorial: older people consult later, symp-
toms could be atypical or poorly recognized, and investigations and screening are 
generally organized up to the age of 74 years.

Colorectal cancer screening leads to detecting polyps, precancerous lesions, and 
early colorectal cancer with lower incidence of cancer (17–33%) and reduction of 
mortality from 11 to 53% [18]. At present many screening methods are available 
such as fecal occult blood test (FOBT), endoscopy, and CT colonography, but nei-
ther is universally accepted in elderly patients. Many consensus documents (3, 4, 5, 
6) are recommended (Table 14.1).

Screening for colorectal cancer with the fecal occult blood test (FOBT) reduces 
colorectal cancer mortality [18]. Nevertheless, studies that have demonstrated the 
benefit of colorectal cancer screening with FOBT enrolled few or no elderly patients. 
The majority of other organized mass screening programs and the national 
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screening program for colorectal cancer are restricted to a population aged 
50–74 years. The efficacy of colorectal cancer screening with FOBT has never been 
prospectively evaluated in elderly subjects.

Age is a critical factor in the occurrence of adverse events related to colonos-
copy. Adequate bowel preparation is more difficult to achieve in very old patients. 
Thus, patient selection for colonoscopy is an important challenge. In the elderly 
population, the risk of colorectal surveillance may outweigh its benefit due to 
comorbidities and specific age-related risks. Most of the society agree that colorec-
tal cancer screening in the elderly should be tailored. Older patients have a 30% 
higher risk of perforation during colonoscopy than younger patients [19] and a 
higher morbidity if the colonoscopy is performed under general anesthesia. Bowel 
preparation should be considered in elderly patients because adverse events have 
been observed with minor ones like abdominal pain, nausea, and fecal incontinence 
and major ones like electrolyte abnormalities, aspiration pneumonia, ischemic coli-
tis, and acute kidney failure [20]. Many considerations relate to the compliance and 
the high incidence (5–60%) of poor bowel preparation. Poor bowel preparation 
plays a key role in the completion of colonoscopy with a high risk of being unsuc-
cessful in very elderly patients (52–95%) [21]. It is still debated when to interrupt 
the surveillance in the elderly. Most authors agree with the decision to go through 
an individual assessment that considers the risks and the benefits and balances these 
with the patients’ health, functional status, and expectancy of life.

14.6  Surgical Treatment

Age continues to be considered as one of the main factors of perioperative mortality 
after colorectal surgery. However, elderly patients are more susceptible to postop-
erative infectious complications, particularly chest complications. The resection of 
nonmetastatic tumors in operable elderly patients with long life expectancy is com-
mon sense; however, in patients with short life expectancy, a multidisciplinary 
meeting including, if possible, a geriatrician should decide on the treatment strat-
egy. The survival benefit of liver metastatic surgery is maintained above 70 years in 
selected patients. There are, however, no consistent data regarding patients over 
80 years.

Table 14.1 Screening programs for colorectal cancer in the elderly
US Multi-Society Task Force and the 
American Cancer Society

Discontinuation of surveillance colonoscopy should be 
considered in persons with serious comorbidities and 
expectancy of life less than 10 years

American Gastroenterological 
Association

Individualized approach

American Geriatrics Society Not recommended in points with high comorbidity and 
with expectancy of life <5 years

British Society of Gastroenterology FOB every 2 years, ages 50–69, plan to extend to over 
75 years
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Surgery is the gold standard for the treatment of colorectal cancer, and it is per-
formed either with curative intent or for problem-solving when patients present with 
colon perforation or obstruction. In fact, colorectal cancer can particularly manifest 
as an acute abdomen characterized by occlusion (15–20% of cases) and perforation 
(3–8% of cases) [22]. These events are characteristic in geriatric age; in fact, the 
incidence of most surgical interventions as a matter of urgency is for patients aged 
over 70 years, while patients between 60 and 70  years most frequently undergo 
elective surgery [23]. Although in recent years, thanks to the use of staplers, the 
prognosis of colorectal carcinoma has significantly improved for elective opera-
tions, for those in an emergency it has remained poor [24]. The high mortality linked 
to emergency interventions [25] emphasizes the importance of careful preoperative 
assistance that aims to improve comorbidities and the special deficit conditions due 
to the colorectal cancer (state of anemia and malnutrition). Therefore, a close col-
laboration between surgical associations and geriatric societies is necessary in order 
to produce guidelines for the perioperative assessment and the management of post-
operative geriatric events [26, 27].

14.7  Laparoscopic Colorectal Surgery in Elderly Patients

Over the past decade, many studies have widely demonstrated that a laparoscopic 
surgical approach to colon resections is not inferior to open colon resections. It has 
been proven to be a safe procedure, even in high-risk patients [28]. Most evidence 
suggests that laparoscopic colorectal surgery (LCS) can be performed safely for 
several pathologic conditions in elderly patients [29]. In addition, recent random-
ized controlled trials and a meta-analysis show, with Level 1 evidence, that laparo-
scopic colorectal surgery achieves good oncological results compared to the open 
method [30].

The short-term benefits of laparoscopic colorectal surgery compared to the open 
method are well known and include less pain, better pulmonary function, shorter post-
operative small bowel obstruction, and shorter hospital stay [31]. Decreases in blood 
loss and postoperative pain reduce the stress of surgery and therefore reduce overall 
morbidity. The reduction in cardiovascular complications might also be due to 
decrease in blood loss. Bowel obstruction and ileus are also reduced in laparoscopic 
colorectal surgery. The exposure of intestines and major trauma to the abdominal wall 
might increase in incidence of bowel paralysis and adhesion in open colorectal sur-
gery. A recent systematic review on the incidence of nonsurgical (cardiopulmonary) 
complications in randomized clinical trials addressing surgery for colorectal cancer 
found that laparoscopic colectomy reduces the incidence of postoperative cardiac 
complications [32]. Large-scale, randomized studies and reviews that compare long-
term results between laparoscopic colorectal surgery and open colorectal surgery in 
all generations report no difference in colon cancer patients [33].

These outcomes are particularly important in elderly patients who are at a higher 
risk of postoperative morbidity and mortality than younger ones. It would seem 
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natural then that laparoscopic colorectal surgery should be the ideal surgical 
approach for elderly patients. The only area where laparoscopic colorectal surgery 
did not show a benefit over open colorectal surgery was for operative time. Despite 
the fragility of elderly patients and the longer operative times needed to perform 
laparoscopy, many studies show that laparoscopy for colorectal surgery does not 
create a greater risk in elderly patients [34].

In conclusion, laparoscopic colorectal surgery is a safe and good option in elderly 
patients. Advanced age should not be a contraindication for laparoscopic colorectal 
surgery, even for complex procedures, such as laparoscopic rectal resection. Safer 
laparoscopic colorectal surgery can be provided to elderly patients with rectal can-
cer by selecting an appropriate operative procedure according to each individual 
patient’s condition.

14.8  Robotic Colorectal Surgery in Elderly Patients

Robotic technology for colorectal surgery was introduced for the first time in 2002 
by Weber et al. in order to improve the feasibility of a minimally invasive surgical 
approach, starting out with laparoscopy at least 20 years ago. As with all new tech-
niques, robotic colorectal surgery started to be performed in selected patients, young 
people with low BMI and ASA scores and good performance status: at the begin-
ning, patients older than 70 years were ruled out of robotic colorectal surgery. Some 
concerns were recognized with the use of robotics in the elderly population, espe-
cially when considering a longer operative time as reported by several studies; fur-
thermore, some procedures require prolonged and steep Trendelenburg position 
(e.g., rectal and prostatic surgery), with possible consequences regarding pulmo-
nary and cardiovascular implications. When robotic colorectal surgery was shown 
to be feasible and safe, with improved systemic outcomes for young patients, many 
authors started to use this robotic approach with elderly patients too. Their results 
assessed the feasibility of extending the benefits of this improved minimally inva-
sive approach to elderly people as well [35].

Colorectal cancer is one of the most frequent malignancies worldwide, espe-
cially in elderly people. Over the last two decades, minimally invasive techniques 
have been extensively used for the surgical management of this disease, with better 
short-term outcomes and equivalent oncological results when compared to open 
surgery, including in the elderly. The robotic surgical approach has been shown to 
be a feasible, safe, and oncologically adequate treatment for colorectal disease. As 
many authors have already demonstrated, it offers satisfactory systemic outcomes in 
terms of short hospital stay, early first flatus, quick soft diet intake, good systemic 
procedure tolerance, low conversion, and postoperative complication rate. All these 
benefits have been demonstrated for elderly patients as well.

As is compatible with the reports of high-volume robotic centers, age alone can-
not be considered an exclusion criteria to the robotic surgical approach; moreover, 
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elderly people with comorbidities can benefit, even more than younger patients, 
from this technological improvement. The high conversion rate and long learning 
curve of laparoscopy may be overcome by robotic surgery that represents the natu-
ral evolution of minimal access surgery, with the addition of a computer interface 
between the surgeon and the patient.

At present, there is no evidence that robotic surgery should be considered better 
than conventional minimally invasive surgery, with only a few randomized clinical 
trials having been performed.

Nevertheless, considering the high direct costs, minimally invasive robot-assisted 
surgery should be done on a case-by-case basis, tailored to each patient with their 
specific histories and comorbidities.

14.9  Fast Track

Enhanced recovery after surgery (ERAS) is a multidisciplinary approach to 
obtain better results for patients after a surgical procedure. Fast-track protocol 
focuses on preoperative, intraoperative, and postoperative period, and the main 
goal is to reduce surgical stress to optimize perioperative management [36]. 
Many authors have demonstrated that ERAS in colorectal surgery is feasible 
and safe. Adhesion to protocol leads to minimizing morbidity and reducing the 
length of hospital stay [37]. Some studies in the literature have reported that 
elderly patients undergoing colorectal surgery could benefit from the ERAS 
protocol and that it improves postoperative outcomes when compared to tradi-
tional perioperative management [38].

The ERAS protocol includes the following statements:

 – Preoperative phase: assessment with complete nutritional status, preadmission 
education and preoperative multidisciplinary counseling, no mechanical bowel 
preparation for colon resections, and carbohydrate-rich drinks 1 day prior to and 
2 h before surgery

 – Intraoperative phase: antibiotic prophylaxis, epidural analgesia, avoidance of 
opioid analgesia, no nasogastric tube and drains when possible, and no fluid 
overload

 – Postoperative phase: oral fluids during the early postoperative period (meaning 
6–8 h after surgery), soft-food diet by the second postoperative day, early mobi-
lization and rehabilitation, removal of urinary catheter on postoperative day 1, 
and early termination of IV fluid

Results from the Perioperative Italian Society Registry demonstrate that elderly 
patients can be managed with the ERAS protocol with good reported outcomes in 
terms of reduction of hospital stay, compliance rates, morbidity, and readmission 
rates [39].
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14.10  Outcomes After Colorectal Surgery in Elderly Patients

Elderly patients are often categorized as high-risk patients due to their having sig-
nificant comorbidity with increasing postoperative morbidity and mortality. As a 
result of this, age has received increasing multidisciplinary attention as a prognostic 
factor for postoperative complications.

The impact of age on postoperative outcomes after major colorectal surgery 
remains controversial. Furthermore, curative surgery of colonic cancer in elderly 
patients is debatable, especially in very elderly patients who have limited prospects 
of survival.

Historically there has been a tendency to exclude very old patients from entering 
clinical trials (not just those within surgery), making evidence-based clinical 
decision- making more challenging [40]. The majority of randomized controlled tri-
als evaluating the efficacy of chemotherapy and surgery as treatment for colorectal 
cancer do not include patients over the age of 75 years. It is difficult, therefore, to 
accurately guide this group of patients who have been assessed as being fit for sur-
gery. Traditionally, patients over the age of 80 years undergoing segmental colonic 
resection have been less likely to receive adjuvant therapies or additional surgery 
(for recurrence or metastatic disease) following their diagnosis of colorectal cancer 
when compared to patients under the age of 80 years [41]. However, studies have 
supported the view that even very frail older people can be offered tailored colorec-
tal chemotherapy regimens safely [42]. Some authors promote extensive surgery, 
including multistage procedures, as performed in younger patients [43]; others pro-
mote less aggressive surgery [44], withholding curative treatment with radical sur-
gical procedures and opting for more “conservative” or palliative therapies in elderly 
patients. In a systematic review, published in the Lancet in 2000, it has been dem-
onstrated that a resection of the tumor is performed less often in elderly patients 
than in younger patients [45].

Improved diagnostic procedures, intensive perioperative care, better anesthesia, 
and surgical techniques have made it possible to perform high-risk surgical proce-
dures in older age patients. As a result of this, many recent publications have encour-
aged the same surgical approach as for younger patients [46]. Nowadays, many 
studies demonstrate that age alone is not a predictor of postoperative complications 
[47]. Elderly patients have similar rates of morbidity and mortality as younger 
patients of the same clinical status. Therefore, it is better to talk about biological age 
rather than chronological age when assessing risk factors for surgery, which focuses 
more on the overall condition of the patient.

A number of predictive tools, such as validated online risk calculators (e.g. www.
riskcalculator.facs.org), are available in order to assess risk of morbidity and mortal-
ity after surgery based on the comorbid and general health status of elderly patients 
[48]. Any effect of age on systemic complications can be explained by other factors 
such as patient’s American Society of Anesthesia (ASA) grading, performance sta-
tus, and Charlson Comorbidity Index Scores. It would be beneficial to test these 
tools on local populations and use these rather than age alone as criteria to select 
surgical treatment.
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Another specific problem related to evaluation of outcomes of colorectal surgery 
in elderly patients is the significantly higher number of emergency presentations. It 
is well documented that emergency surgery is related to a higher mortality rate than 
elective surgery [49]. However, for those patients presenting as acute surgical emer-
gencies, often with physiological derangement, clinical decision-making is chal-
lenging and treatment options limited. There is little available evidence upon which 
to base a surgical opinion of when to operate and when not to operate. The latter of 
which is invariably more difficult. Surgical intervention for obstructing colonic 
tumors (segmental resection or proximal defunctioning stoma) has been the main-
stay of treatment. However, colonic stenting, which was previously seen as a 
“bridge” to surgery, is becoming increasingly readily available for the definitive 
management of obstructing colonic tumors.

In conclusion, age itself is not a risk factor for the development of complications 
in patients undergoing surgery for colorectal cancer. Age alone should not be a rea-
son to avoid therapeutic or palliative surgery in these patients; instead, patient selec-
tion should focus on clinical condition and assessment scores. The type and number 
of comorbidities influence postoperative mortality and morbidity. Treatment of 
these comorbidities prior to surgery may influence postoperative outcome.
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15Surgical Management of Full-Thickness 
Rectal Prolapse in the Elderly Patient

Francesco Gabrielli, Angelo Guttadauro, Matteo Maternini, 
and Nicoletta Pecora

15.1  Epidemiology and Etiology

Though uncommon, full-thickness rectal prolapse (FTRP) is a debilitating condi-
tion that diminishes the quality of life. Its incidence in the general population is 
0.2–0.4% and 1% in those aged over 65 years [1, 2], and it increases with advancing 
age: 21.7% in the seventh decade, 31.7% in the eighth decade, and 20% in the ninth 
decade, as observed by Keighley in 120 cases [3]. It is more prevalent among older 
women than older men [1].

Risk factors for the development of FTRP include multiparity by vaginal birth 
and a history of pelvic surgery, neurological or psychiatric disorders (stroke, spina 
bifida, dementia), and cystic fibrosis. Contributing factors are bowel dysfunction 
(IBS, chronic constipation, diarrhea) or bowel habits such as chronic excessive 
straining during defecation. In 30% of cases, it may be associated with rectal func-
tional disorders (puborectal muscle syndrome, sphincter dyssynergia, descending 
perineum syndrome) or other perineal anomalies (genital or pelvic organ prolapse, 
enterocele, sigmoidocele).

The fact that over one hundred different procedures for rectal prolapse repair 
have been described to date reveals how little we actually know about the etiology 
[4, 5]. Factors predisposing to the development of rectal prolapse include sigmoid 
colon redundancy, abnormally deep pouch of Douglas, weakening and collapse of 
the anatomical structures derived from the pelvic fascia (lateral rectal ligaments), 
more obtuse anorectal angle at rest, and congenital or progressive weakening of the 
muscles of the pelvic diaphragm (levator ani muscle) [3]. A main causal role in its 
development has been attributed to intussusception [6]. A unifying explanation pro-
posed for its pathogenesis is that the prolapse begins cranially as an internal or 
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occult sigmoidorectal or high rectorectal prolapse that then invaginates distally to 
form a rectoanal prolapse that eventually protrudes externally, becoming a FTRP, 
conventionally defined as rectal prolapse if the segment is up to 5–6 cm in length or 
sigmoidorectal if longer. As it continues to descend, an internal rectal prolapse can 
deform the anterior peritoneal wall, giving rise to rectocele: intussusception and 
rectocele thus contribute to dyschezia caused by obstructed defecation [5].

In 15–65% of cases, FTRP is associated with constipation; in 75% of patients, 
stretching of the nerve fibers and the anal sphincters leads to a variable degree of 
incontinence [3, 4, 7], which is more prevalent in patients over 60 years of age and 
especially in the multiparous (85% of cases) [3].

15.2  Surgical Therapy

Symptom severity and the risk of complications are indications for surgical treat-
ment in elderly patients, too. Medical management is reserved for very frail patients, 
in which palliative treatment of functional symptoms is focused on correct diet, 
Kegel exercises to strengthen pelvic floor muscles, or biofeedback therapy to 
improve sphincter control [8].

15.3  Abdominal Procedures

15.3.1  Traditional Rectopexy

For nearly 30 years, traditional rectopexy procedures were the most widely used 
techniques and yielded good outcomes for prolapse repair [9–11]. In the Wells pro-
cedure (posterior sling rectopexy), a mesh is anchored to the sacrum and wrapped 
270° posterolaterally around the rectum [12], while in the Orr-Loygue procedure, 
two prosthetic polytetrafluoroethylene (PTFE) strips are fixed to the anterolateral 
surface of the rectum and back to the sacral promontory [13]. The Ripstein proce-
dure involved a mesh encircling the rectum entirely [14] but was subsequently aban-
doned because of the risk of occlusion from stenotic scarring. Simple rectopexy 
using nonabsorbable sutures instead of a mesh for fixation to the presacral fascia 
from 1–2 to 4–5 cm below the sacral promontory has been shown to be non-inferior 
to rectopexy with mesh [15]. Most commonly performed under general anesthesia, 
rectopexy can also be carried out under peridural anesthesia in selected patients.

In both male and female patients, the rectum is mobilized to the tip of the coc-
cyx posteriorly and anteriorly to expose the plane of the levator muscles. Debate 
continues about whether or not to resect the lateral rectal ligaments, with some 
surgeons arguing that the ligaments are weakened in rectal prolapse [3] and the 
majority sustaining that ligament resection leads to parasympathetic denervation, 
resulting in the onset or worsening of constipation. On the other hand, while spar-
ing the ligaments may reduce the risk of constipation, it increases the risk of 
prolapse recurrence [16, 17]. Furthermore, ligament resection may also affect 
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colon transit time and increase the frequency of bowel movement, reducing rectal 
elasticity and capacity [18].

Rectopexy has been considered the gold standard of surgical treatment for rectal 
prolapse since it is associated with a recurrence rate of less than 5% (mean rate, 
2–3%) [3, 4, 7, 9, 19–22]. The operative mortality rate ranges between 0 and 7% but 
remains acceptable on average. Morbidity ranges more widely (0–20%) [3, 7, 9, 10, 
19–22]: the major complications are bleeding (even life-threatening in cases of 
sacral veins lesion), prosthesis infection producing pelvic abscess, stenotic scarring, 
and erosion fistulas. While prosthesis-related complications (infection, stenosis, 
erosion) are obviously absent in simple rectopexy, other complications are similar 
to those seen after rectopexy with the use of a mesh [3, 9, 10].

Incontinence after surgery is improved in about 60% of patients [3]. Since 
improvement may not be noted until at least 6 months after the operation, particu-
larly in elderly patients, other therapeutic options for treating incontinence, espe-
cially further surgery, should be delayed accordingly. Studies seeking to identify 
predicting factors of functional improvement based on preoperative examinations 
have found that patients presenting with low basal pressure and maximum squeeze 
pressure have a higher probability of remaining incontinent after rectopexy [3]. 
Morphologic evaluation with CT and MR imaging of the perineal musculature has 
shown that impairment of sphincter and levator ani muscle function can be useful 
for diagnosis and prognosis [23].

Improvement in constipation after rectopexy ranges widely across studies, with 
some reporting improvement in 15–80% of patients and others noting new onset or 
worsening of constipation in 15–50% [4, 7, 9, 10, 22, 24–27]. Patients with preex-
isting constipation have a greater probability of not experiencing improvement or 
even worsening of the condition after surgery [3]. Other reasons for failed improve-
ment are preexisting colonic inertia, complete rectal mobilization with resection of 
the lateral rectal ligaments, and kinking of a convoluted sigmoid. Hence, the real 
problem with traditional rectopexy is postoperative constipation, which has damp-
ened the initial expectations driven by the lower recurrence rates associated with the 
procedure.

15.3.2  Combined Abdominal Rectopexy and Sigmoid Resection

The Frykman-Goldberg procedure [28] is primarily indicated in patients with pre-
existing constipation and in those having undergone rectopexy in which the sigmoid 
colon is so twisted that replacing it in the abdominal cavity would not only be dif-
ficult but also would arouse suspicion as to the cause of constipation. For technical 
reasons, rectopexy is performed after sigmoid resection and without the use of a 
mesh to minimize the risk of bacterial infection.

The few comparative trials that have been conducted to date (rectopexy alone vs. 
resection combined with rectopexy) [29–31] have found no meaningful difference 
in recurrence rates, a lower incidence of postoperative constipation after Frykman- 
Goldberg procedure (12 vs. 48%), and a statistically significant improvement of 
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incontinence. Enlarging colon resection from sigmoidectomy to left hemicolectomy 
does not appear to provide additional improvement in bowel function, particularly 
as regards constipation [32].

Several studies have shown that colon resection with anastomosis increases both 
the rate of operative mortality (1–2%) and the risk of major complications (34 vs. 
22%) [29–31].

15.3.3  Ventral Rectopexy

This procedure derives from the laparotomic technique Loygue originally devised 
in 1984 [13]. In 2004, D’Hoore et al. [33] proposed a simplified approach by lapa-
roscopy, in which posterior dissection is limited to exposure of the sacral promon-
tory, opening of the peritoneum to the right of the rectum without resecting the 
pouch of Douglas, and preparing the anterior rectal subperitoneal fascia as far as the 
levator muscles. The rectum is then suspended with a mesh (3 cm large) fixed crani-
ally to the sacral promontory, and the mesh is then extraperitonealized.

In France, ventral rectopexy is also performed using a limited dissection, fixation 
with prosthetic strips, and excision of the lowest portion of the pouch of Douglas 
[25].

Following initial good outcomes published by D’Hoore’s group in Belgium [34] 
and by others in Great Britain [35, 36], the technique quickly gained wider accep-
tance owing to its simplicity and effectiveness, becoming the abdominal suspension 
method of choice for prolapse repair. Its indication from FTRP repair was expanded 
to include rectal intussusception and rectocele, which cause obstructed defecation, 
and associated with gynecological suspension procedures for the repair of multi-
compartment prolapses [37].

There is a growing body of evidence documenting good long-term outcomes 
after ventral rectopexy. Two recent meta-analyses [38, 39] examined the follow-up 
results in 574 and 789 patients, respectively. The conversion rate was 2.9%; no 
operative deaths occurred. The postoperative complication rate was lower than 
20%, and serious complications were noted in 4.8% of patients. The recurrence rate 
at 2 years was 3.4% and 4.7%, respectively. A net improvement in incontinence was 
achieved in 30–40% and in up to 80–90% of cases.

Also of interest was the long-term improvement in constipation. Both meta- 
analyses substantiated the initial reports by D’Hoore et  al. [40] and the Oxford 
group [35]. As compared with traditional rectopexy, a greater improvement in con-
stipation and reduced risk postoperative constipation were associated with ventral 
rectopexy: improvement in constipation in 3–70% of patients and incidence of new 
onset constipation or worsening of constipation in 0–20% of patients [38, 39]. The 
improvement in constipation can be explained by the fact that the lateral rectal liga-
ments are spared, thus avoiding rectal inertia due to parasympathetic denervation.

Improvement in incontinence (improved in over 80% of patients) has also been 
reported in elderly patients [41]. Despite advanced age, the basal tone and squeeze 
pressure values were found to improve during the first 2  months following the 
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operation and continued to improve at 1-year follow-up assessment, with a statisti-
cally significant increase in basal tone.

Taken together, these results show that ventral rectopexy is an effective and safe 
procedure. Although it entails minor and simpler rectal mobilization, it is not asso-
ciated with a higher recurrence rate. Functional improvement in incontinence and 
constipation appears promising, making the technique particularly attractive for 
FTRP repair in older patients [36].

15.3.4  Mesh Selection in Rectopexy Procedures

Following reports of its oncogenicity in experimental studies, the use of the Ivalon 
sponge was abandoned [3]. Most surgeons opted for other types of mesh made from 
synthetic materials, mostly polypropylene, for traditional rectopexy. Though no sig-
nificant difference in functional outcome or complication rates has been found for 
mesh made from absorbable material (polyglycolic acid), it appears to be burdened 
by a slightly higher rate of recurrence [42].

An emerging problem of synthetic mesh prostheses, sometimes causing severe 
erosion of rectal or contiguous visceral tissues after ventral rectopexy, has recently 
come to light. Initially estimated at 1% [43], the risk of erosion seems to be higher 
(2%) and far greater than that associated with biological prostheses (0.7–2.4 vs. 
0–0.7%) [44]. Owing to their antigenic properties, polyester prostheses appear to be 
more erosive than mesh made from polypropylene or titanium-coated propylene 
prostheses.

Biological mesh made from porcine skin or submucosa, though safer, is 
more expensive. They are less durable, which is thought to be the reason for the 
higher number of recurrences found at long-term follow-up [45]. Their use in 
laparoscopic ventral rectopexy should be reserved for young males, women of 
reproductive age, and particularly for patients at higher risk for developing 
sepsis due to the presence of comorbid conditions such as diabetes or inflam-
matory bowel disease or a history of pelvic radiation therapy or rectal or vagi-
nal surgery [46].

When selecting a synthetic mesh, the material of choice seems to be titanium- 
coated polypropylene because of its strength and greater resistance to infections 
[46]. Furthermore, suturing of the mesh to the sacral promontory appears to be safer 
with staples rather than with simple sutures [47].

15.3.5  Open and Minimally Invasive (Laparoscopy or Robot- 
Assisted) Procedures

The choice of technique depends on the surgeon’s preference and experience. 
Minimally invasive procedures should be carried out at centers specialized in these 
techniques. Of note is that the recent ventral rectopexy is almost always performed 
in laparoscopy [33, 35, 36].
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The wider acceptance of laparoscopic rectopexy has been driven in part by opti-
mal long-term complications and recurrence rates [27, 38, 48]. Comparative trials 
evaluating open surgery and laparoscopy have not reported significant differences in 
recurrence rates or functional outcomes (improvement in constipation and inconti-
nence) [49, 50]. Moreover, laparoscopy affords the advantages of better cosmesis, 
less pain, shorter duration of postoperative ileus, and shorter length of hospital stay. 
Its drawbacks are the longer operative time and limiting problems such as abdomi-
nal adhesions [10]. Though more expensive than open surgery, the greater cost is 
offset by shorter hospitalization and less morbidity [30, 49, 50].

Even recent meta-analyses have reported that, in trained hands, long-term recur-
rence rates and functional outcomes are similar for laparotomy and laparoscopy, 
while the latter seems to be associated with lower operative morbidity and compli-
cation rates [51, 52].

Robot-assisted surgery appears to combine the advantages of laparoscopy, with 
better 3D visualization [53, 54]; however, the technique is seldom used and is lim-
ited by its lengthy operating time and high costs [55].

15.4  Perineal Procedures

15.4.1  Rectosigmoidectomy (Altemeier Procedure)

Perineal resection of the sigmoid colon and rectum for prolapse repair was first 
described by Auffret in 1882  in France. Following reports by Mikulicz and St. 
Mark’s Hospital in London, the procedure was gradually abandoned because of its 
high failure rates [56]. It gained renewed interest in the mid-twentieth century 
through refinements by Altemeier in the United States [57]. According to Altemeier, 
its combination with levatorplasty was the reason for the less than 3% long-term 
recurrence rate in his series [58]. The procedure subsequently gained wide accep-
tance, becoming the most commonly used technique in the United States, particu-
larly in the treatment of high-risk geriatric patients [59]. Many colorectal surgeons 
now consider it an elective procedure in all patients, irrespective of age [56, 60].

The Altemeier procedure offers distinct advantages for the older patient subpopu-
lation: it can be performed under spinal anesthesia, no scar formation, low postopera-
tive complications, painless rapid course, and early hospital discharge [61].

Controversy surrounds its recurrence rates. In their literature review of studies 
involving a total of 1635 patients, Cirocco [56] observed a 37% recurrence rate for 
series treated before 1971 and a 10% rate for series treated after 1971. Specifically 
regarding geriatric surgery, Altomare et al. [61] examined case series of patients in 
which the mean age was 77 years (over 80 years in 40% and over 90 years in 7.5% 
of patients in their own case series) and found a mean recurrence rate of 18%, with 
a wide individual range (0–58%).

Various reasons have been proposed for the continuing improvement in recur-
rence rates. Foremost is enhanced awareness of the correct execution of the tech-
nique, which entails opening the pouch of Douglas to completely exteriorize the 
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prolapse [56]. Combining the procedure with levatorplasty is also important, as 
originally suggested by Altemeier [57] and as underlined by some surgeons [62–64] 
but not accepted by all [56, 61]. Another explanation for the variability in outcome 
reported in single case series is the diverse length of follow-up periods, given that 
the recurrence rate will increase with advancing patient age and that prolonged fol-
low- up of elderly patients is difficult to achieve [7, 56, 61]. Other factors (sex, age, 
length of operative specimen, preoperative incontinence) have not been demon-
strated to have a predictive value [61].

The operative mortality rate is extremely low (0.6% of 1635 operations) [57] and 
the morbidity rate ranges between 3 and 14% [7, 56, 60]. Major early complications 
(6–7%) include pelvic hematoma, anastomotic dehiscence, sigmoid perforation, 
and pararectal abscess [61]. The percentage and severity of complications appear to 
be lower than those associated with abdominal procedures [7, 65, 66].

The use of new technologies (resection with ultrasound or radiofrequency devices 
and coloanal stapler anastomosis) does not appear to confer meaningful advantages 
over traditional techniques, except for a lower risk of recurrence (10 vs. 15%) [49].

In most of the patients with preexisting incontinence, the condition improved: 
80–100% in large series [56] and in geriatric patients as well [61]. Particular impor-
tance has been given to combining the procedure with levatorplasty to improve post-
operative incontinence rather than prevent prolapse recurrence [56, 63, 67].

On the other hand, new-onset incontinence was found to develop in 15% of 
patients who were continent before the operation [56]. This may be explained by the 
fact that part of the rectal ampulla is removed, resulting in loss of its reservoir func-
tion [61]. Comparison between perineal rectosigmoidectomy and an abdominal pro-
cedure (resection plus rectopexy) showed that the latter is associated with a 
significant improvement in continence and less postoperative defecation urgency 
[68]. For this reason, completing an Altemeier procedure with creation of a pouch 
has been recommended especially in elderly patients [69].

Postoperative constipation has been reported to improve in 50–60% of cases 
(range, 15–100%), without worsening of the condition [7, 56, 61]. Therefore, peri-
neal procedures are not burdened by the most severe functional risk associated with 
rectopexy. The lower risk of postoperative constipation may be attributed to the 
reduced volume of the rectal ampulla and the consensual resection of the possible 
intussusception associated with external prolapse.

The good functional outcomes translate into improved quality of life, as mea-
sured with the EuroQol (EQ-5D) questionnaire for measuring generic health status 
and the Patient Assessment of Constipation Quality of Life (PAC-QoL). The 
improvement after perineal rectosigmoidectomy, unlike other surgical techniques, 
does not appear to be influenced by advanced age or comorbidities [70].

15.4.2  Perineal Stapled Prolapse Resection (PSPR)

Scherer [71] recently described a new abdominal perineal resection procedure that 
offers the advantages of rapidity and ease of execution, which make it of particular 
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interest in geriatric surgery. Based on the variant described by Romano et al. [72], 
the procedure begins with division of the prolapse using a linear cutter (75 mm) at 
3 and 9 o’clock approximately 2 cm above the dentate line. Then resection-suture of 
the prolapse is performed by a curved cutter stapler (Contour® CCS 30). After inser-
tion, the head is rotated counterclockwise along the two hemi-conferences for com-
plete removal of the prolapse and creation of a suture line cranial to and parallel 
with the dentate line.

The results are inferior to those obtained with the Altemeier technique, with a 
recurrence rate of 20–40% in the few cases operated on to date [73–75]. The rea-
son for such high recurrence may derive from resection performed with traction 
applied only to the visible portion of the prolapse, resulting in a smaller amount 
of protruding rectal tissue that can be resected. Furthermore, controlled opening 
of the pouch of Douglas is not possible, which would allow complete mobilization 
and exteriorization of the prolapse, and the technique cannot be combined with 
levatorplasty [74].

Technical limitations may arise from excessive prolapse length (>5–6 cm) and 
especially excessive prolapse thickness (7–8 mm) owing to the risk of the staples 
failing to close. Moreover, the method entails performing several steps without 
visual control: resection-suture of the pouch of Douglas may inadvertently involve 
the intestinal loops or the vaginal vault in hysterectomized patients. Finally, effec-
tive hemostasis cannot be achieved in cases of resection-suturing of a thick 
mesorectum.

Another problem is the procedure’s elevated costs, which may run to about US 
$1600 if multiple staples are used [74]. This leads to the question of whether the 
method is justifiable when the Altemeier procedure is less costly and safer in terms 
of recurrence [56].

Summarizing, PSPR should be reserved only for high-risk elderly patients (high 
ASA class) in which the duration of the operation should be as short as possible and, 
owing to technical limitations, for cases of prolapse repair neither too long nor too 
thick [76].

15.4.3  Other Perineal Procedures

Encircling holds only a historical interest because of its high failure rates [3].
The Delorme procedure continues to be used in Europe, mainly in France [3, 77]. 

It may be considered as an alternative to rectosigmoidectomy in cases of short pro-
lapse (<5 cm in length). It is not always easy to perform, and it has been associated 
with recurrence rates of over 30% [78], but lower rates (5–22%) are reported by 
expert surgeons [77]. The only comparative trial carried out to date [31] found no 
significant differences in recurrence or functional outcome between the Delorme 
and the Altemeier procedures. When combined with levatorplasty, the procedure 
yields improvement in incontinence and recurrence rates, though the difference in 
recurrence rates was not statistically significant [79].
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15.5  Management of Prolapse Recurrence

Most recurrences occur within 3  months of the operation, with the elderly and 
women at greater risk [80, 81]. The patient’s general health condition permitting 
recurrent prolapse repair can be performed using the same surgical procedures [82]. 
While the same access as in the primary operation may be used, most surgeons feel 
it more prudent in cases of failed rectopexy to switch to a perineal approach. In 
recurrences after a perineal procedure, especially in elderly patients, the same pro-
cedure can be safely and effectively repeated even if laparoscopic ventral rectopexy 
could be employed if the patient is in good health.

A meta-analysis of studies comparing prolapse recurrence after an abdominal 
procedure (158 patients) and after a perineal procedure (144 patients) reported a 
mortality rate of 0% and 15%, respectively; those who had undergone a perineal 
procedure were evidently in poorer health. The morbidity rate ranged between 0 and 
32% and the recurrence rate between 0 and 50% [83]. These results appear some-
what questionable. Undoubtedly, the risk of a new recurrence after repair for pro-
lapse recurrence is higher [80–82, 84].

15.6  Selecting a Surgical Procedure

A long-standing principle that guided the selection of surgical treatment was that 
abdominal procedures were associated with lower recurrence but greater morbidity, 
whereas perineal procedures were associated with lower mortality and morbidity 
and faster postoperative recovery but burdened by higher recurrence. More recently, 
however, this principle has been revised following reports from trials comparing 
recurrence rates after abdominal procedures (resection combined with rectopexy) 
and those after perineal procedures (Altemeier procedure): there was no statistically 
significant difference [31, 68]. Moreover, case studies with a follow-up period of up 
to 4–5 years reported a similar range of recurrence rates, between 0 and 18% [85].

The major factors guiding the choice of treatment, especially in elderly patients, 
are that a perineal procedure can be carried out under spinal anesthesia with shorter 
operating time, is less demanding on the patient, and allows earlier recovery [10]. 
Accurate assessment of the patient’s general health is essential, given that biological 
age is more important than chronological age in evaluating elderly patients. Based 
on the American Society of Anesthesiologists (ASA) risk classification system, 
low-risk elderly patients may be considered fit for an abdominal procedure, pending 
a more valid permanent definitive result, whereas a perineal procedure, because it is 
less demanding on the patient, should be considered for higher-risk patients.

Several other factors will also need to be considered when selecting a surgical 
procedure. An abdominal procedure may be the better choice (combined with a 
suspension procedure) when repair of multicompartment prolapse (genital or blad-
der) or coexisting conditions (enterocele or sigmoidocele) needs to be performed in 
a single stage. In cases of associated gynecological prolapse, priority should be 
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given to repair of the genital prolapse since its treatment (anterior, lateral, posterior 
colpopexy) may resolve also the posterior problem, obviating the need to operate on 
the rectum.

On the other hand, because suspending a denervated rectum already weakened 
due to prolapse may not only be useless but also counterproductive, some sur-
geons have further expanded the indications for perineal resection which, in 
expert hands, appears to considerably reduce mortality, morbidity, and long-term 
recurrence [56].

Also, bowel function before surgery may influence the choice of surgical 
treatment, with the option of selecting between an abdominal and a perineal pro-
cedure in patients with normal bowel function. Differently, in patients with pre-
existing constipation, owing to the risk of persistent or worsening postoperative 
constipation, either abdominal rectopexy combined with sigmoid resection or 
perineal resection, which does not significantly worsen constipation, should be 
performed [10].

Patient sex is irrelevant in geriatric surgery, whereas in young patients, an 
abdominal procedure can be indicated to reduce the risk of pelvic organ denervation 
in young males, and mesh suspension in women of reproductive age should be criti-
cally considered to minimize the risk of infertility.

15.7  The Evolution of Geriatric Surgery

Historically, patient age has been a major factor in FTRP repair. Perineal proce-
dures, because less demanding on the patient, are the preferred choice in the surgi-
cal treatment of elderly patients [85]. Up until 2010, perineal resection was the most 
commonly performed procedure in patients aged over 70 years in the United States, 
followed by laparotomy and laparoscopy [86]. In their study, Fang et al. [87] retro-
spectively examined the data from the American College of Surgeons National 
Surgical Quality Improvement Program (ACS NSQIP) database and found that the 
percentage of patients undergoing an abdominal procedure (by laparotomy or lapa-
roscopy) decreased with advancing patient age. Furthermore, patients aged 80 years 
or older were twice as likely to undergo a perineal procedure, and those aged under 
80 years and with an ASA status of 3 or 4 were 1.5 times more likely than those with 
an ASA score of 1 or 2. Finally, operative mortality was lower after an abdominal 
than after a perineal procedure (0.13 vs. 0.9%) and was 0 after a laparoscopic 
procedure.

As the situation continues to evolve, more and more studies are reporting favor-
ably on the wider use of laparoscopic rectopexy in geriatric patients. In patients 
aged 80 years or older, ventral rectopexy has been associated with a long-term com-
plication rate of 15 and a 3% recurrence rate [36]. A study comparing laparoscopic 
techniques (rectopexy with or without mesh combined with colon resection) in 
patients with a mean age of 70 years reported a morbidity rate of 28% and a 3.3% 
recurrence rate, both of which were similar to those reported for younger patients. 
Reports on outcomes after robotic surgery in patients aged over 75 years have also 
begun to appear [88].
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In terms of acceptable morbidity rates and effective outcomes, there is a new 
emerging trend for minimally invasive abdominal suspension procedures in low- 
risk older patients [85, 86]. Nonetheless, evidence is still scarce and doubt remains 
about functional outcomes. To fill this gap in geriatric surgery, large-scale multi-
center trials with longer follow-up are needed.
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16.1  Cerebrovascular Disease (Figs. 16.1, 16.2, 16.3, 16.4, 
and 16.5)

16.1.1  Introduction

Cerebrovascular disease is the second leading cause of death worldwide and 
accounts for approximately 9.5% of all deaths. The primary goal of treatment of 
cerebrovascular disease is the prevention of stroke, the third leading cause of death 
in the United States; those who survive the acute event have a markedly shortened 
life expectancy. Approximately 80% of strokes are ischaemic, and 20% are haemor-
rhagic, with haemorrhagic strokes approximately equally divided between sub-
arachnoid and intracranial haemorrhage. As regards ischaemic strokes, carotid 
disease accounts for about two thirds, this as a consequence of embolization of 
carotid artery bifurcation plaque to the intracranial vessels, usually to the middle 
cerebral artery (MCA), in the anterior circulation, or as a consequence of low flow. 
These strokes can also result from lesions in the common carotid artery (CCA) or in 
the distal or intracranial portion of the internal carotid artery (ICA). Age, gender and 
race are clearly risk factors for stroke. Similarly, the well-established cardiovascular 
risk factors (i.e. atrial fibrillation), hypertension, diabetes, smoking and recognized 
cerebrovascular disease, seem to have ramifications for stroke risk.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-60861-7_16&domain=pdf
mailto:setacci@unisi.it


258

The majority of carotid occlusive disease occurs at the carotid bifurcation. Since 
the area of the carotid bulb is wider than points proximal or distal, this change in 
calibre, along with the flow divider at the carotid bifurcation, creates a pattern of 
turbulent flow and areas of variable shear stress along the walls of the carotid ves-
sels. Similar to atherosclerotic plaques that form in other vessels, the carotid plaque 
begins as fibrointimal thickening and progresses to become symptomatic in a vari-
ety of ways. Studies relating pathologic findings with symptoms have demonstrated 
that intraplaque haemorrhage, thrombus formation and ulceration are consistent 
with a vulnerable plaque that may cause symptoms. Most plaque ruptures occur at 
the midpoint of the plaque, rather than at the edges or shoulders. Embolic potential 
and symptomatic status have been correlated with hypoechogenic patterns on 
duplex ultrasonography.

Patients presenting with symptoms of carotid disease will typically have focal 
neurological dysfunction in the form of numbness, paraesthesias, slurred speech, 
weakness or monocular blindness (amaurosis fugax). If these symptoms resolve 
within 24 h without any permanent neurological deficit, the incident is termed a 
transient ischaemic attack (TIA). Symptoms lasting for longer than 24 h represent 
a completed stroke and can be classified according to the National Institutes of 
Health Stroke Scale. Patients who have multiple episodes of focal neurological 
deficit punctuated by failure to return to baseline are classified as having cre-
scendo TIAs. Those patients whose symptoms progress and worsen over the 
course of hours to days are classified clinically as having a stroke-in-evolution. 
Patients with any of the symptoms described here should undergo bilateral carotid 
duplex ultrasound to determine whether carotid stenosis is a contributing factor to 
their symptoms. These symptomatic patients, however, represent a minority of 
patients who present with carotid disease. The majority of patients are 
asymptomatic.

The era of carotid surgery began in 1954 when Eastcott, Pickering and Rob pub-
lished a case report documenting the first auspicious reconstruction of the carotid 

Fig. 16.1 Echocolordoppler US: soft plaque
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artery in the treatment of carotid occlusive disease in a woman with recurrent tran-
sient ischaemic attacks (TIAs). Her treatment included excision of the carotid bifur-
cation, ligation of the external carotid artery (ECA) and reconstruction with direct 
anastomosis of the CCA to the ICA. Over the years, much headway has been made 
in the field of carotid surgery, including the introduction of endovascular techniques 
for the treatment of carotid obstructive disease. In the 1970s, Mathias et al. reported 
successful outcomes with percutaneous angioplasty for carotid stenosis, employing 
techniques derived from peripheral arterial angioplasty which developed rapidly 
during the subsequent years. In the endovascular era, classical surgery still pos-
sesses a certain importance and dignity, remaining the gold standard for the treat-
ment of primitive carotid lesions. The indication for surgery is atherosclerotic 
stenosis ≥70% (conforming to the European Carotid Surgery Trial, ECST), both in 
symptomatic and asymptomatic patients, and ≥50% when an ulcer is clearly evident 
in an asymptomatic patient or when the contralateral carotid was occluded. Colour 
Doppler ultrasound (DUS) constitutes the preferred first-line imaging modality for 
identifying patients with 70–99% ICA stenosis because of its low cost, its rapid 
availability, its robustness in sensitivity analysis and its capability of meeting the 
exigencies of contemporary surgery.

The most important considerations for decision-making regarding an endovascu-
lar versus open procedure for carotid bifurcation disease are the risks of complica-
tions associated with the respective approaches and their long-term effectiveness. 
The gravity of both early and late complications should be weighed. The patient’s 
comorbid conditions, as well as predicted longevity, obviously impact on the impor-
tance of procedural perils versus longevity.

16.1.2  Surgical Anatomy and Anatomical Variations 
of the Carotid Artery Bifurcation

Arterial vascularization of the head and neck area derives from the CCA, the 
branches of the CCA, the ECA, the ICA and the vertebral arteries which comprise 
the circle of Willis. The CCA differs on the right and left sides with respect to their 
origins. On the right, the common carotid emerges from the brachiocephalic artery 
as it passes behind the sternoclavicular joint. On the left, the common carotid artery 
originates from the arch of the aorta in the superior mediastinum. Following a simi-
lar course on both sides, the common carotid artery ascends, diverging laterally 
from behind the sternoclavicular joint to the level of the upper border of the thyroid 
cartilage of the larynx (C3–C4 junction), where it bisects into the external and inter-
nal carotid arteries. The carotid bifurcation (CB), and, in particular, the height of the 
carotid bifurcation (HCB), is an anatomical and surgical landmark of special signifi-
cance for the surgical approach to carotid artery disease. In fact, the extremes of the 
HCB (“high” and “low” CB) may alter the appropriate surgical techniques, includ-
ing selection between carotid endarterectomy and carotid stenting (i.e. high CB is 
usually a contraindication for carotid endarterectomy). Anatomically, we speak of 
high bifurcation when the CCA bifurcates as high as C2 vertebra making a carotid 
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endarterectomy (CEA) technically difficult. It is more common in Japanese, 
females, at the left side and in an Ethiopian population, indicating a genetic compo-
nent. On the other hand, its counterpart, a low CB, is defined as a bifurcation under 
C4 vertebra, often at the level of C6–C7; in some rare cases, thoracic bifurcation of 
the CCA may be seen, which may be associated with the Klippel-Feil anomaly. It is 
a very rarely encountered anatomical variation. It has an incidence of 3.75 and 7.5% 
and traditionally does not represent a challenge for surgery [1].

16.1.3  Diagnosis

Carotid duplex ultrasound is the first-line imaging tool for patients with suspected 
carotid occlusive disease. Duplex criteria for diagnosis of carotid stenosis were 
standardized in 1987 by Dr. Strandness at the University of Washington. This first 
set of criteria, known as the University of Washington criteria, stratified carotid 
stenosis into six categories, using both duplex and B mode evaluation. The percent-
age of stenosis in the carotid artery could be reliably predicted as 0, 1–15%, 16–49%, 
50–79%, 80–99% or complete occlusion based on duplex criteria. These methods 
had a sensitivity of 99% and a specificity of 84% when compared with angiography. 
In addition to being highly operator dependent, other limitations of duplex ultra-
sound are its inability to accurately determine velocities in the presence of heavily 
calcified plaque because of an artefact created by the shadowing and in the setting 
of contralateral carotid occlusion. Although many surgeons can safely rely on 
carotid duplex for preoperative imaging, there are certain cases in which more infor-
mation is necessary before proceeding to surgery, such as with the aforementioned 
heavy calcifications, unexpectedly low velocities or atypical presentation. Digital 
subtraction angiography (DSA) was, for a number of years, the gold standard for 
diagnosis of carotid stenosis; however, CTA and MRA have now supplanted DSA 
as an anatomic imaging modality. In particular CTA and MRA should be reserved 
for patients in whom duplex results are unequivocal or for preoperative planning.

16.1.4  Medical and Surgical Treatment

The primary management of both symptomatic and asymptomatic carotid diseases 
is aggressive medical therapy including statin therapy, antiplatelet therapy and anti-
hypertensive therapy with risk factor modification, and in particular cessation of 
smoking is strongly advised.

Evidence for the treatment of patients with symptomatic carotid stenosis higher 
than 70% with either CAS or CEA is compelling, and several trials demonstrate the 
benefit of carotid revascularization in the symptomatic patient population. 
Asymptomatic carotid stenosis is perhaps more controversial, with the largest trials 
[2] only demonstrating a 1% per year risk stroke reduction with CEA. Although 
there are sufficient data to advocate for aggressive medical therapy as the primary 
mode of treatment for asymptomatic carotid stenosis, there are data to suggest that 
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certain patient populations will benefit from stroke risk reduction with carotid 
revascularization. The best available evidence with regard to CAS versus CEA dem-
onstrates no difference between the two procedures in early perioperative stroke, MI 
or death and no difference in 4-year ipsilateral stroke risk. However, as a result of a 
higher perioperative risk of stroke in patients undergoing CAS, particularly in 
symptomatic, female or elderly patients, it is difficult to recommend CAS over CEA 
except in populations with prohibitive cardiac risk, previous carotid surgery or prior 
neck irradiation. In recent years, several studies have demonstrated low risk for 
CEA in women, octogenarians and patients undergoing CEA using local anaesthe-
sia. Regarding randomized trials, ACAS and the early phase of NASCET excluded 
patients older than 79  years. ACST and ECST did not arbitrarily exclude older 
patients, although the number of patients of 80 years or older was small. Age is an 
inconsistent indicator of increased surgical risk, especially when associated comor-
bidity is accounted for. In symptomatic patients, over 75 years of age was associated 
with a higher risk for stroke with medical therapy than was under 65 years of age, 
comparable surgical risk, and thus overall greater benefit of CEA in older patients. 
This increased benefit should not necessarily be extrapolated to asymptomatic 
patients. The subset over 75 years in ACST did not show significant benefit with 
CEA versus medical therapy, and ACAS excluded patients older than 79 years. The 
long-time survival necessary to achieve a benefit of prophylactic CEA in 

Fig. 16.2 and 3 CEA: Miniskin incision performed in our centre
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asymptomatic patients would suggest conservatism in patients older than 80 years 
unless they are in good health.

Several papers have also favoured the eversion technique of CEA, reporting that 
it prevents carotid sinus denervation and low baroreflex sensitivity, an independent 
risk factor for cardiovascular disease. Likewise, several studies have identified fac-
tors predicting risk stratification for carotid disease, such as contralateral occlusion, 
chronic kidney disease, homocysteine levels and plaque quality based on advanced 
imaging modalities [3].

16.1.5  Operative Techniques: CEA Versus CAS

A fundamental consideration in the conduct of CEA is selection of the anaesthetic 
method. CEA may be performed under general anaesthesia (GA), under regional 
anaesthesia (RA) with deep or superficial cervical block and even under pure local 
anaesthesia (LA). Careful positioning of the patients is important to ensure patient 
comfort and adequate operative exposure. Positioning begins with placing a roll behind 
the scapulae to achieve some hyperextension of the neck. The patient is placed in the 
flexed position with the table rotated to expose the side of the neck to be operated on. 
The standard skin incision is a longitudinal incision parallel to the medial border of the 
sternocleidomastoid muscle. An alternative method is to place the incision in an appro-
priately located skin crease, usually 1–2 cm inferior to the angle of the jaw.

There are two basic surgical techniques for CEA: conventional and eversion. 
Regardless of which method is used, meticulous surgical technique is paramount for 
a successful operation. Manipulation of the carotid artery should be minimized 
because intraoperative embolization can result from careless handling. The conven-
tional technique for CEA consists of a vertical arteriotomy and closure by patch 
angioplasty. In this case, a vertical arteriotomy is begun on the CCA and continued 
through the carotid bifurcation into the ICA. If a shunt is used, it is placed in the 
distal ICA and backbled before the proximal end is placed into the CCA.

The endarterectomy is begun in the CCA in the plane between the media and 
adventitia, and then it is continued into the orifice of ECA and up into the ICA. A 
technically perfect endpoint in the ICA is critical to avoid perioperative stroke and 
recurrent stenosis. After the endarterectomy, the arteriotomy is repaired with a patch 
angioplasty (autologous vein, PTFE, Dacron or bovine pericardium). The patch is 
sewn in with running non-absorbable suture.

Eversion endarterectomy is an excellent alternative technique that is practised 
successfully in many centres throughout the world. Two different versions of ever-
sion endarterectomy are performed. DeBakey originally described eversion endar-
terectomy with partial transection of the anterior portion of the carotid bifurcation. 
Etheredge improved on DeBakey’s technique with complete transection of the 
bifurcation, which allowed the origins of both the ICA and ECA to be everted for a 
longer distance. The endarterectomy is performed by mobilizing the entire circum-
ference of the carotid adventitia off the plaque and then everting the adventitia and 
mobilizing it upward while gentle caudad traction is applied to the plaque. This 

C. Setacci et al.



263

manoeuvre is performed distally into the orifices of the ICA and ECA and then 
proximally into the CCA. Once the endarterectomy is complete, the divided bifur-
cation is reunited with a simple end-to-end anastomosis. Advantages of this tech-
nique are that the anastomosis can be performed rapidly and it is not prone to 
restenosis, and therefore patching is not required.

CAS has emerged as an alternative to CEA in patient at high risk for complica-
tion from endarterectomy, such as those with contralateral occlusion, severe coro-
nary artery disease, prior neck radiation or prior carotid endarterectomy. It involves 
placing a small, expandable stent in the narrowed artery using a transfemoral or 
radial approach with the position of a cerebral protection filter before the stent 
deployment.

Carotid artery stenting technologies are rapidly evolving. Options for endovascu-
lar surgeons and interventionist who treat occlusive carotid disease continue to 
expand. Carotid technologies addressed include the carotid stents themselves as 
well as adjunct neuroprotective devices. Aspects of stent technology include bare 
metal versus covered stents, stent tapering and free-cell area. Bare metal and cov-
ered stents provide unique advantages and disadvantages. Stent tapering may allow 
for a more fitted contour to the calibre decrement between the common carotid and 
internal carotid arteries but also introduces new technical challenges. Studies 
regarding free-cell area are conflicting with respect to benefits and associated risk; 
clinical relevance of associated adverse effects associated with either type is unclear. 

Fig. 16.4 Angiograms of Carotid artery stenosis before and after CAS
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Embolization protection strategies include distal filter protection and flow reversal 
(a proximal protection device in which a triple-lumen catheter with a double balloon 
was utilized to occlude the CCA and ECA; the reversed flow was then directed 
through the catheter to a filtered external femoral venous system). Though flow 
reversal was initially met with some scepticism, it has gained wider acceptance and 
may provide the advantage of not crossing the carotid lesion before protection is 
established. Carotid stenting is a new and exciting field with rapidly advancing tech-
nologies. Embolization protection, low-risk deployment and lesion assessment and 
stratification are active areas of research [4].

Although CAS has emerged as an attractive alternative to CEA in patients who 
are at high risk for surgical complications, conflicting data exist about the risks 
associated with carotid stenting in the very elderly (≥80  years old) population. 
Octogenarian patients are more likely to have baseline characteristics that 

Fig. 16.5 Carotid artery 
stenting
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predispose the patient to adverse outcome including: Type III aortic arch, decreased 
cerebral reserve, aortic arch calcification, excessive vessel tortuosity and severe 
lesion calcification. While these characteristics represent a challenge to operators 
performing CAS on octogenarian patients, they do not constitute absolute contrain-
dications to the procedure. It is noteworthy that the outcomes in this patient popula-
tion seem to correlate with operator experience [5].

16.2  Critical Limb Ischaemia (Figs. 16.6, 16.7, 16.8, and 16.9)

Critical limb ischaemia (CLI) is a manifestation of peripheral arterial disease (PAD) 
that describes patients with typical chronic ischaemic rest pain (Tables 16.1 and 
16.2) or patients with ischaemic skin lesions, either ulcers or gangrene. The term 
CLI should only be used in relation to patients with chronic ischaemic disease, 
defined as the presence of symptoms for more than 2 weeks. The diagnosis of CLI 
should be confirmed by the ankle-brachial index (ABI), toe systolic pressure or 
transcutaneous oxygen tension. Ischaemic rest pain most commonly occurs below 
an ankle pressure of 50 mm Hg or a toe pressure < 30 mm Hg. Other causes of pain, 
a rest should, therefore, be considered in patients with an ankle pressure > 50 mm Hg, 
although CLI could be the cause. Some ulcers are entirely ischaemic in aetiology; 
others initially have other causes (e.g. traumatic, venous or neuropathic) but will not 
heal because of the severity of the underlying PAD. Healing requires an inflamma-
tory response and additional perfusion above that required for supporting intact skin 
and underlying tissues. The ankle and toe pressure levels needed for healing are, 
therefore, higher than the pressures found in ischaemic rest pain. For patients with 

Fig. 16.6 and 7 Ulcers with tendon exposition
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ulcers or gangrene, the presence of CLI is suggested by an ankle pressure < 70 mm Hg 
or a toe systolic pressure > 50 mm Hg. CLI population are difficult to study, with 
large numbers of patients lost to follow-up or dying in longitudinal studies, leading 
to incomplete data sets. The incidence of CLI, based on large prospective popula-
tion studies, is of 220 new cases every year per million population [6]. Although the 
diagnosis of arterial occlusive disease of the lower limb could be made on the basis 
of history and physical examination, imaging is mandatory for localization and 
quantification of the arterial lesions. Traditionally intraarterial digital subtraction 
arteriography (DSA) is considered the diagnostic standard to evaluate the lower 
extremity arterial tree. However, DSA is invasive and may be associated with well- 
documented limitations that make this method unsuitable for screening or follow-up 
examinations. Other limitations for the use of DSA as routine diagnostic technique 
include the need of catheterization, contrast allergic reactions, arterial injury, haem-
orrhage, atheroembolism, potential pseudoaneurysm formation at the puncture site 
and most importantly contrast-induced nephropathy despite the use of non-ionic 

Fig. 16.8 and 9 Hybrid approach: F-P bypass + angiografic control and PTA tibial vessels

Table 16.1 Fontaine classification of peripheral 
arterial disease

Stage Clinical
I Asymptomatic
IIa Mild claudication
IIb Moderate to severe claudication
III Ischaemic rest pain
IV Ulceration or gangrene

Table 16.2 Rutherford classification of peripheral 
arterial disease

Grade Stage Clinical
0 0 Asymptomatic
I 1 Mild claudication
I 2 Moderate claudication
I 3 Severe claudication
II 4 Ischaemic rest pain
III 5 Minor tissue loss
III 6 Major tissue loss
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contrast media. Furthermore, even with bi-planar views, arteriography can underes-
timate the severity of eccentric arterial stenosis. For these reasons, many forms of 
less invasive modalities include multidetector tomography angiography, magnetic 
resonance angiography (MRA) and duplex ultrasonography (DU) that have been 
devised for grading lower extremity arterial disease. In the last few years, several 
studies have raised the possibility of using DU arterial mapping as the sole investi-
gation method to assess the most suitable treatment plan for CLI. In fact, this non- 
invasive method, with colour Doppler technology, if used appropriately, provides 
most of the essential anatomic information plus haemodynamic data for extensive 
peripheral arterial mapping and allows to distinguish between thigh stenosis and 
occlusion, to determine the grade of stenosis severity into multiple levels during 
pre-operatory study. Moreover, it can be used as a follow-up exam [7].

As regards the treatment, CLI has always been considered a primary indication 
for bypass surgery. Nevertheless, not all patients with CLI can undergo surgical 
revascularization because of prohibitive surgical risk or anatomical unfavourable 
conditions. The ideal treatment for CLI lesions has raised great amount of discus-
sion and controversy among specialists. Aside from differing opinions regarding the 
preferred method of treatment, specialists suggest that many additional variables 
must be considered: lesion location, severity, degree of calcification and the patient’s 
associated symptoms. Limb salvage rates >90% at 1  year are reported in recent 
series using bypass surgery. Unfortunately, an adequate vein is often unavailable, 
and long-term results of bypasses constructed with prosthetic materials are much 
less satisfactory. Nowadays the use of endovascular procedures as primary treat-
ment for CLI has increased due to the continuous advances in imaging techniques, 
angioplasty equipment (i.e. low-profile balloons and new guidewires) and endovas-
cular expertise. The clinical advantages of the endovascular approach in CLI are 
well established, especially for high-risk, elderly and vascular compromised 
patients: there is no need for general or spinal anaesthesia; there are few or no surgi-
cal wounds, especially risky in diabetic patients; the hospital stay is shorter; compli-
cation and mortality rates are low; and a failed angioplasty attempt does not preclude 
a subsequent bypass graft. Therefore, it’s important (1) to identify the patient 
(comorbidities), (2) to identify the lesion location/extension and (3) to distinguish 
between haemodynamically significant and non-significant lesions in order to estab-
lish the optimal revascularization treatment for CLI. Treatment strategy is strongly 
determined not only by the type of lesion but also by the anatomical site, since there 
are large differences in approaches and outcomes for proximal lesions on large ves-
sels (aortoiliac) and distal lesion on small vessels (tibial arteries). In 2000 and 2007, 
the TransAtlantic Inter-Society Consensus (TASC) allowed stratification by length 
and morphology of lesions (iliac occlusive disease and femoropopliteal and infrap-
opliteal lesions) and reinforced the concept of treating short, focal stenoses (TASC 
A lesions) via endovascular means and using surgical revascularization for long- 
segment occlusions (TASC D lesions). In cases of diffused aortoiliac occlusive dis-
ease although aortobifemoral bypass appears to have better long-term patency than 
endovascular treatment, the risks of surgery are significantly greater than the risk of 
an endovascular approach, in terms not only of mortality but also of major 

16 Cerebrovascular Disease and Critical Limb Ischaemia



268

morbidity and delay in return to normal activities. As regards the femoropopliteal 
and infrapopliteal disease, PTA is the primary option for short and focal disease 
<3 cm in length; for lesions that are between 3 and 5 cm in length, there are too 
many variables to recommend a single treatment protocol. If a patient has vessels 
with a poor runoff, small vessels and calcified lesions that are 5–10 cm in length, the 
surgical option may be the optimal treatment. For patients with high comorbidities, 
the ideal treatment seems to be endovascular (bare metal stent or stent graft). 
Endovascular procedures below the popliteal artery are usually indicated for limb 
salvage, and there are no data comparing endovascular procedures to bypass surgery 
for intermittent claudication in this region. PTA seems to be feasible and effective 
in patients with CLI and infrapopliteal artery occlusion.

The techniques used are:

 – Angioplasty: PTA of a short anterior or posterior tibial artery stenosis may be 
performed in conjunction with popliteal or femoral angioplasty. Treatment of 
longer lesions is often more complex and has a worse prognosis than treatment 
of short lesions.

 – Stents: stent application in below-the-knee vessels remains highly controversial; 
the high risk of early thrombosis and luminal loss due to intimal hyperplasia 
formation leading to insufficient long-term patency rates can explain the reluc-
tance on implanting stents in these small diameter vessels. Infrapopliteal stent 
implantation is generally reserved for cases with suboptimal outcome after PTA.

 – Cutting balloon: this technique decreases vessel elastic recoil and perivascular 
injury by a focal concentration of dilatation force.

 – Subintimal angioplasty: this technique, by passing a wire into the subintimal 
space and inflating a balloon to create a channel for blood flow, is largely 
employed for long-segment occlusion below the knee recanalization [8].

Several endovascular devices have been shown to be safe and feasible in the 
infrapopliteal segment but have failed to show superiority when compared with 
PTA. The development of self-expanding nitinol stent has improved the therapeutic 
outcome of femoropopliteal lesions compared with conventional angioplasty. 
However, restenosis remains a key unresolved issue. Restenosis usually occurs 
6 months after the implantation of bare nitinol stents, with a peak onset at 12 months. 
In an effort to curb restenosis, manufacturers engineered stents to elute antiprolif-
erative agents. Drug-eluting stents (DES) significantly reduced restenosis rates 
compared with bare stents [9].

However, the employment of DES did not give good results in infrapopliteal 
arteries where restenosis rates remain high. The favourable results of below-the- 
knee (BTK) DES treatment were limited to PTA of short lesions that are not repre-
sentative of the diffuse BTK vessel disease typical of diabetic patients with CLI. The 
cause of these difficulties with regard to peripheral angioplasty and stenting in 
obtaining acceptable good long-term patency rate resides in the peculiar 
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characteristics of the infrainguinal vessel physiology and disease: in patients with 
CLI, infrainguinal vessels have a multisegmental and diffuse disease which neces-
sitate an extensive treatment, resulting in an extraordinary mean length of the treated 
PTA lesions (it is well known that restenosis is proportional to the length of the 
treated vessel); inferior limb arteries undergo intense mechanical stress due to hip, 
knee and ankle movements, muscle contraction and to the interaction of the limb 
with external bodies during daily activities (standing up, sitting, walking, lying, 
etc.); stents interfere with the original physical behaviour of the arteries, leading to 
chronic mechanical stress, fractures, inflammation and subsequent restenosis [10].

With this in mind, faced with the limits of peripheral angioplasty and stenting in 
infrainguinal vessels, the drug-eluting balloon (DEB) presents some advantages 
with respect to DES and seems able to prevent restenosis and to avoid, when pos-
sible, the metallic burden of stenting [11].

Given the evolving demographics and the increasing prevalence of CLI with age 
in Western countries, there has been an enhanced focus on developing safe and 
effective treatment. Related to endovascular and surgical options, in recent years the 
hybrid approach (the combination of the two techniques) is considered an interest-
ing alternative approach to improve life expectancy of patients with CLI. This treat-
ment is reserved for patients with a multilevel disease (involvement of more than 
two districts among the iliac, the femoral, the popliteal and the tibial areas) or a 
previous surgical intervention or an adequate length of the greater saphenous vein 
or leg ulcer prohibiting distal graft implantation. In the CA, the union of the endo-
vascular and surgical techniques was used to complete the revascularization in dif-
ferent anatomical districts or to correct inadequate results of the first procedure 
(inadequate inflow or outflow) or to correct inadequate results due to iatrogenic 
complications of the first technique (arterial rupture or residual dissection) [12].

The treatment of CLI in the United States has been characterized as a path-
way to amputation, as 67% of Medicare patients who underwent a major ampu-
tation did not have any other exploratory or therapeutic procedures prior to 
losing their limb. This finding was confirmed in a recent study of 20,464 
Medicare patients with CLI who underwent amputations, which revealed that 
71% had no revascularization and 54% did not even undergo angiography, 
underscoring the fact that revascularization procedures (endovascular and surgi-
cal) have largely been underutilized. This could be ascribed, at least in part, to 
the paucity of randomized control trials (RCTs) comparing both strategies, 
which have been difficult to implement. This represents an example of the exist-
ing gap between “real-world CLI practices” and the availability of evidence-
based therapies [13].

In conclusion CLI continues to be a significant challenge to the vascular surgeon. 
Despite great advances in the treatment of CLI, a significant number of amputations 
are still performed. Limb salvage may represent the goal even if, unfortunately, 
some patients still require primary amputation due to many variables which are 
impossible to resolve.
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17Acute Peripheral Arterial Disease
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17.1  Introduction

Acute limb ischemia (ALI) is a pathological condition resulting from a sudden 
blood interruption (or, at least, from an important reduction in flow) limiting tis-
sues’ survival [1]. ALI is always a serious event requiring immediate diagnosis and 
treatment, also considering the high associated amputation risk (from 10% to 25%). 
Unfortunately, ALI is not a rare occurrence, with an estimated incidence of about 
1.5 new cases per 10,000 person/year [2].

The most frequent causes of acute limb ischemia are embolism, thrombosis, and 
trauma [3]. Symptoms include intermittent claudication, rest pain, paresthesia, mus-
cle weakness, anesthesia, and paralysis. Physical examination could be character-
ized by the absence of pulses distally to the occlusion site, hypothermia, and pale or 
mottled skin.

Those clinical findings are grouped together in a series mnemonic note as “6P of 
Pratt”: pain, pallor, pulselessness, poikilothermia, paresthesia, and paralysis.

All those data—in association with a duplex ultrasound scan (DUS)—allow clas-
sification of the syndrome into different classes of severity as reported by Rutherford 
in 1997 (Table 17.1) [4].

Considering the peculiarity of the symptoms and their frequent (if not constant) 
association, the diagnosis of ALI is mainly based on clinical features. The instru-
mental investigations, however, are indispensable to obtain a diagnosis of certainty, 
to recognize the causes, and to have correct treatment planning (open surgery, endo-
vascular surgery, hybrid procedures, or fibrinolytic treatment) [5].
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17.2  Physiopathology and Diagnostic Evaluation

DUS in concert with the clinical features assumes a primary and crucial role in 
diagnostic and preoperative evaluation of ALI patients. The bidimensional (B-Mode) 
ultrasound provides the typical image of endoluminal material, presenting variable 
echogenicity. In cases of embolic occlusions, generally, it is not possible to observe 
atherosclerotic lesions, while typical atherosclerotic lesions will be more frequently 
found in cases of thrombotic genesis of the syndrome. Moreover, DUS allows eval-
uation of the pathognomonic sign of meniscus and the absence of color signal 
downstream. DUS also evaluates the complete absence of flow signal at the level of 
the occlusion.

Upstream and downstream of the stretch of the acutely occluded vessel, it may be 
possible to highlight characteristic indirect signs of ALI: increased resistance and pul-
satility of the blood flow (increases modulation of the curve with the amplitude reduc-
tion). In cases, with the absence of collateral circulation, there will not be any 
detectable DUS signal in downstream vessels; instead, in cases with a preexisting 
collateral circulation, DUS signal will be present with a curve characterized by a clear 
reduction in resistance indices and secondary pulsatility at the reduction of systolic-
diastolic modulation. In most severe cases, the curve assumes a continuous form. 
Accuracy, sensitivity, and specificity of DUS are 86, 84, and 89%, respectively [6].

A fundamental aspect (unfortunately, not always easy to interpret) is the differ-
ential diagnosis between embolism and thrombosis, a crucial aspect in choosing 
different treatment options [7].

Table 17.1 Clinical stages of acute limb ischemic syndrome (edited by the Society for Vascular 
Surgery standards [4])

Stage
Description and 
prognosis

Objectivity Doppler signal
Sensory damage Muscle weakness Arterial Venous

I Limb vital, not 
immediately 
threatened

Absent Absent Present Present

II Limb threatened
IIa Limb marginally 

threatened that can 
be saved if treated 
promptly

Minimum (limited to 
the fingers) or absent

Absent Often 
absent

Present

IIb Limb immediately 
threatened, 
recoverable with 
immediate 
revascularization

Extended beyond the 
fingers, associated 
with pain

Medium or 
moderate

Often 
absent

Present

III Limb irreversibly 
damaged, major 
tissue loss, or 
permanent damage 
to the inevitable 
nerves

Spread/anesthesia Severe/paralysis Absent Absent

F. Speziale et al.



273

Indeed, in consideration of the difficulty in distinguishing embolic and throm-
botic arterial occlusion, in recent years the vascular surgery team of Cairo published 
two articles with the aim of helping the vascular surgeon in this difficult differential 
diagnosis.

In 2010 Elmahdy et al. performed a study of 107 surgically treated ALI. To be 
able to make an accurate diagnosis of the etiology of ALI (embolic versus throm-
botic) without the use of angiography (gold standard for this condition but not free 
of risk, with an overall complication rate of about 2%), they have examined several 
parameters such as risk factors, systemic vascular atherosclerosis, time of symptom 
onset, and clinical presentation. The presence of atherosclerotic vascular disease 
was defined based on the presence of one myointimal thickness > 0.1 mm. They also 
rated the arterial diameter (intima-intima) at the level of the occlusion (doccl), com-
pared to the diameter at the same artery level in the contralateral limb (dcontrol). The 
difference between these two diameters (Δ = doccl−dcontrol) was calculated. Patients 
were consequently divided into two groups: embolic ALI (Group E) and thrombotic 
ALI (Group T). No statistically significant differences were found between the two 
groups for any examined features (calcifications, collateral circulation, atrial fibril-
lation), except for Δ diameter. In Group E, the Δ diameter results were 
0.95 ± 0.92 mm, while in Group T, results were −0.13 ± 1.02 mm (p: < 0.001). Their 
results show an increase in the diameter of vessels in embolic etiology of ALI and, 
even though minimal, an average reduction of the diameter of vessels in thrombotic 
etiology of this syndrome. Analyzing ROC curves, the authors stated that a change 
in diameter of ±0.5 mm between the occluded vessel and the contralateral one could 
be considered as a valid DUS cutoff to differentiate embolic from thrombotic ALI, 
with a sensitivity of 85% and a specificity of 76% (CI 0.72–0.90, p < 0.007) [8–10]. 
Otherwise, when emboli origin is macroscopically evident, such as in case of a 
popliteal aneurysm, it should be easier to recognize the embolic etiology of the 
syndrome. Up to 60% of popliteal aneurysm is presenting with ALI due to distal 
mobilization of aneurysmal intraluminal thrombus [11, 12]. DUS is considered the 
technique of choice in those situations, allowing evaluation of the localization and 
size of the aneurysm, amount and characteristics of the intraluminal thrombus, and 
patency of the aneurysms and the outflow vessels.

From a diagnostic point of view, another important problem to solve is represented 
by ALI resulting from a failure of previous recanalization surgery. Those failures usu-
ally present with acute symptom onset, with an incidence ranging between 10% 
(within 14 days after surgery, early thrombosis) and 30% (within 2 years of follow-up, 
late thrombosis) [13, 14]. DUS, the method of choice in lower limb revascularizations 
follow-up, showed a sensitivity of 95% and a specificity of 100% in diagnosis and 
localization of occlusion and stenosis >50% after bypass (either prosthetic or vein) 
and after endovascular revascularization (angioplasty, stenting, and endo-bypass). 
Occluded vessels may be characterized by complete absence of DUS signal, variously 
associated with intraluminal material [15] (Fig. 17.1).

Another important and relatively new cause of ALI is represented by thrombosis 
of the percutaneous access site after endovascular treatment. The underlying causes 
can be divided into distal embolization of atheromatous material, intimal flap, and 
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delamination of an atherosclerotic plaque. From a clinical point of view, all those 
forms of ALI are not different from others previously described. The B-Mode ultra-
sound could directly display the endoluminal material in case of embolism, which 
appears with a variable echogenicity, also associated with preexisting parietal 
lesions. In secondary thrombosis, consequent to intimal flap, the latter will be easily 
recognizable within the lumen as hyperechoic and mobile flap. The outflow vessels 
are filled by hypoechoic material, with preserved diameter, and sometimes appar-
ently pulsating (paradoxical pulse). ALI due to percutaneous hemostasis device 
malfunction are emerging as a new entity with a reported incidence ranging between 
0.9 and 1.7% of treated cases [16, 17]. When devices based on the use of hemostatic 
material are at the origin of the occlusion, the material could be directly detectable 
at B-Mode as a foreign hyperechoic material inside the arterial lumen. Even in this 
case, as already described for the embolic and thrombotic occlusion, DUS could 
show the complete absence of signal at the level of the occlusion, associated with an 
increase of resistances and pulsatility of the blood flow upstream to the occlusion 
(increased modulation of the curve with amplitude reduction). In those cases, with-
out collateral circulation, any detectable DUS signal in downstream vessels could 
be recognized, while in those cases with a preexisting collateral circulation, DUS 
shows a curve characterized by a clear reduction in resistance indices and secondary 
pulsatility at the reduction of systolic-diastolic modulation. In more severe cases, 
the curve assumes a continuous form, as previously described (Fig. 17.2).

A totally different situation is represented by ALI as consequence of a trauma. 
Clearly, in those situations, it is crucial to promptly recognize the lesion. Vascular 
lesion in the presence of an active bleeding wound is certainly more prone to be identi-
fied immediately, in comparison with lesions localized in depth tissue or in anatomi-
cally difficult places to investigate. DUS has a primary role both in open and closed 
trauma. In closed traumas, three different features should be distinguished:

 – Arterial spasm: a result of contraction of the smooth muscle of the tunica media 
(medial layer), typical of medium-sized arteries. It can be observed in the affected 
artery or to all the downstream arterial tree.

Fig. 17.1 Acute occlusion of prosthetic infra-inguinal bypass; the DUS can highlight the bypass 
whose lumen is occupied by intraluminal material, no flow detectable inside the prosthetic graft
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 – Arterial contusion: consists of a continuous solution of one or more layers of the 
arterial wall, in the absence of the full section of the vessel. It usually only affects 
the adventitia or the intima, with the integrity of the media. In those cases, DUS 
allows to highlight the exact anatomical localization of the lesion.

 – Arterial laceration: consists of a continuous solution to the entire thickness of the 
vessel wall which involves all the three layers. The most important local conse-
quences are ischemia of the downstream tissues, external bleeding, and/or hema-
toma; the pain is only present in 25% of cases [18]. Also in those situations, the 
sole DUS allows highlighting of the exact anatomical localization of the lesion.

In all those situations, DUS allows highlighting of the site of the trauma and, 
consequently, the site of the arterial lesion in more than 90% of cases, confirming 
the high sensitivity and specificity of this exam [16].

Fig. 17.2 Common femoral artery dissection after failure of percutaneous hemostasis system; 
inside the lumen a hyperechoic flap is clearly visible
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17.3  Therapeutic Management

Once the diagnosis of ALI has been established and its severity classified, a plethora 
of immediate interventions are critical to optimize patient outcomes.

Systemic anticoagulation with unfractionated heparin should be initiated to min-
imize the risk of further clot propagation and to prevent microvascular thrombosis 
of under perfused distal vessels.

Other measures that may be beneficial in patients with ALI include intravenous 
hydration, supplemental oxygen, and intravenous analgesia. Indeed, ALI patients 
are often relatively volume depleted, and careful fluid resuscitation is necessary in 
reducing myoglobinuria due to ischemia reperfusion and the potential risk of acute 
renal insufficiency.

Treatment for ALI largely depends on the clinical presentation according to the 
abovementioned Rutherford’s classification [4].

Class I ALI patients may require only medical therapy, such as anticoagulation. 
Revascularization, if contemplated, can be performed electively and can consist of 
either thrombolytic or open surgical intervention, depending on the duration of ALI, 
its location, and the underlying cause of the occlusion, as well as the presence or 
absence of a preexistent atherosclerotic occlusive disease and the patient’s overall 
medical condition.

All class II ALI patients require revascularization to preserve the functional 
integrity of the affected limb. However, because the ischemic insult in class IIa ALI 
is mild, therapy may be performed on an urgent, rather than emergency, basis. Either 
endovascular or surgical options may be adopted considering the duration of symp-
toms of prime importance in operative planning. Percutaneous endovascular options 
are more effective in patients with ischemia of less than 2 weeks’ duration, whereas 
ischemic symptoms of more than 2 weeks’ duration are better served by surgical 
revascularization [19]. For a duration of symptoms of less than 14 days, prospective 
studies comparing thrombolytic and surgical intervention favor the initial use of 
thrombolytic therapy, with surgical intervention reserved for those limbs that do not 
show response to lytic therapy.

Patients with more severe class IIb ALI, in which both sensory and motor deficits 
are present, require emergency revascularization. Historically, surgical revascular-
ization has been preferred. However, advances in catheter-based thrombolytic deliv-
ery and percutaneous mechanical thrombectomy devices have convinced several 
physicians to use those techniques as first-line therapy.

Class III ALI manifests as a profound neurologic deficit (insensate, paretic limb), 
muscle rigidity, and absence of arterial and venous Doppler ultrasound signals in 
the affected vascular bed. In patients with class III ALI, revascularization is usually 
futile, and primary amputation should be considered.
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17.3.1  Open Surgery

Balloon catheter thrombectomy, first introduced by Fogarty in 1963 [20], has been 
the cornerstone of therapy for the surgical management of ALI. Severe ALI (class 
IIb), manifested by both sensory and motor deficits, requires urgent intervention, 
and surgical therapy has remained the treatment of choice [21].

Balloon Catheter Thrombectomy or Embolectomy—Balloon thrombectomy is 
routinely used to deal with an embolic event or chronic graft thrombosis (Fig. 17.3). 
The technique involves direct cutdown over either the common femoral artery or the 
brachial artery with proximal and distal control of the major branches. A transverse 
arteriotomy is performed immediately proximal to the common femoral artery or 
brachial artery bifurcation to allow for direct visualization of the distal branches, 
with the ability to directly pass an appropriate-sized embolectomy catheter into 
those branches. A longitudinal arteriotomy is made when there is concern that end-
arterectomy with patch angioplasty closure will be required. Balloon embolectomy 
catheters are passed proximally and distally until no visible thrombus is removed 
and a pulse or backflow is established. Completion angiography is important 
to  evaluate the effectiveness of thrombus removal. Over-the-wire embolectomy 
catheters may also be used to direct the embolectomy catheter into the tibial 
branches [21].

Bypass Procedures—Bypass procedures are more commonly performed in 
patients with known peripheral arterial disease or after failed open balloon throm-
bectomy. The ideal graft is an ipsilateral saphenous vein of adequate caliber 
(>3 mm). Otherwise, contralateral saphenous vein, arm veins, or lesser saphenous 
vein is preferred if below-the-knee revascularization is performed; synthetic grafts 
can be used for above-the-knee revascularizations [22].

Fig. 17.3 Intraoperative 
findings of thrombus 
removal by Fogarty 
catheter
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Although improvements in open surgical technique have diminished the rate of 
limb loss associated with ALI, the mortality rate remains unacceptably high, ranging 
from 10 to 25% mortality and 7 to 12% amputation rates. Moreover, despite the rate 
of amputation diminishing over the decades (mainly due to improvements in surgical 
techniques), mortality rate is unchanged over the years. A potential explanation could 
be that the ability to rapidly restore arterial flow to the extremity with an operative 
procedure represents a significant insult to a severe medically compromised patient, 
frequently culminating in the patient’s death despite ALI resolution [23].

17.3.2  Endovascular Surgery

Catheter-based endovascular procedures offer potential advantages to ALI patients, 
less-invasive revascularization strategies for sick or elderly patients (theoretically 
decreasing surgical-related morbidity and mortality rates) and a direct way to clear 
the occluding thrombus from a periphery, restore blood flow to the extremity, and 
allow the identification of underlying atherosclerotic lesions (culprit lesions) 
responsible for the occlusive event. Culprit lesions could then be directly treated, 
directed by angioplasty, stenting, or atherectomy. Currently available percutaneous 
endovascular procedures include catheter-directed thrombolysis, pharmacomechan-
ical thrombolysis, catheter-directed thrombus aspiration, and percutaneous mechan-
ical thrombectomy [1, 2, 24, 25].

Intra-arterial thrombolytic infusion therapy, the first adopted endovascular solu-
tion for ALI patients, is often performed as a two-step procedure with a catheter- 
based infusion lasting >12 h. During the intra-arterial lysis, the patient is usually 
observed in a higher-care nursing unit. Thrombolytic infusion is time- and resource- 
consuming, and also associated with a not negligible bleeding risk.

The advantages of thrombectomy devices include the immediate reestablishment 
of blood flow without the use of thrombolytics, reducing the risk of bleeding and 
potentially reducing costs. Vacuum-assisted thrombectomy (VAT) is a catheter- 
based thrombectomy system that does not use intra-arterial thrombolytics. The VAT 
systems (Penumbra or Indigo, Penumbra Inc., Alameda, CA, USA) consist of four 
components: a catheter (tapered and not collapsible during suction), a separator 
wire, a reinforced tubing, and an aspiration pump.

Standard technique for using the VAT systems consists of contralateral 6F percu-
taneous arterial access, diagnostic angiography, systemic anticoagulation, and aspi-
ration. The use of a separator wire is at the discretion of the operator. A catheter is 
advanced over a wire to the proximal aspect of the occlusion, the wire is removed, 
and the vacuum is initiated. The catheter is embedded in the proximal centimeter of 
the thrombus as long as there is no free-flowing blood into the vacuum device. 
When a clot is pulled through the device and flow reestablished, the device is 
advanced further into the lesion. If thrombus is not being removed, the catheter 
would be pulled back, with the vacuum still on, and removed through the sheath 
(removing the sheath valve) and flushed outside the patient. In this way, a thrombus 
that is too large to be removed through the catheter is suctioned on the end and 
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removed. Intermittent angiographies and VAT are performed until blood flow is 
reestablished and the thrombus burden reduced (Fig. 17.4) [26].

17.3.3  Hybrid Surgery

Hybrid treatment of ALI syndrome, consisting of a selective angiography at the end 
of open surgical operative time, has become more and more frequently adopted in 
standard surgical practice.

The decision to perform an on-table angiography is mainly based on the absence 
of satisfactory back-bleeding from distal vessels, the demonstration of signals of 
poor revascularization by the DUS at the ankle, the poor clinical appearance of the 
foot after surgical procedure, and the impossibility of advancing the Fogarty cathe-
ter far enough distally.

Angiography is generally performed by direct puncture of the exposed artery or, 
in case of below-the-knee arterial vessel exposure, by puncture of the ipsilateral 
common femoral artery. When the angiography diagnoses an incomplete restoration 
of perfusion, all the abovementioned endovascular options could be adopted after 
careful evaluation of the residual clot extension and its location [5].
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18.1  Introduction

In industrialized countries, elderly represent an increasing group among the entire 
population [1]. In the United States, the number of people over 85 years will reach 
21 million within 2050, representing the 5% of the overall population [2]. Also in 
Europe, similar data are expected, estimating a triplication from 21.8 billion people 
to 61.4 billion in 2060 [3].

The incidence of abdominal aortic aneurysm (AAA) increases with the ageing of 
the population. Given the increasing of median age in the population, a rapid 
increase of AAA that will need to be treated during the next decades is expected.

At the same time, considering all their comorbidities, elderly patients are usually 
considered unfit for a traditional open repair (OR). Endovascular aneurysm repair 
(EVAR) is a safe and effective mini-invasive therapeutics option for elderly [4–7].

18.2  EVAR Literature Review

During the last 10 years, randomized controlled trials (RCTs) reported EVAR out-
comes compared with OR [4–7].

The main RCTs (EVAR-1, DREAM, OVER and FACE) have been analysed and 
summarized in a recent Cochrane review [8]. These studies included AAA that 
matched the morphological inclusion criteria of EVAR and that could be suitable for 
both procedures (open and EVAR).
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Patients who underwent EVAR had significantly lower 30-day (1.4% vs 4.2% in 
EVAR and open, respectively) and intra-hospitalization (1:4 proportion in EVAR vs 
OR) mortality [8].

EVAR-1 and DREAM reported shorter procedural time, intensive care unit 
(ICU) stay and hospitalization, less blood loss/transfusion, reduced pain, faster 
mobilization and reduced gastrointestinal, pulmonary, cardiac and nephrological 
complications in EVAR if compared with OR [8]. These results were related with 
the lower EVAR invasiveness compared with OR. EVAR was associated with better 
30-day results probably due to the lower cardiac stress during the procedure.

DREAM and FACE underlined a correlation between a patient who underwent 
OR and has a higher risk of intra-procedural mortality and the onset of moderate to 
severe perioperative complications, especially respiratory complications.

DREAM, EVAR-1 and OVER trials reported also the long-term results [8–11]. 
The mean follow-up was 6 years (5–10 years) [8]. Despite initial benefits of EVAR vs 
open repair, patient survival in the follow-up was similar for both techniques [8–11].

DREAM reported a mean survival of 69.9% at 6 years for OR and of 68.9% for 
EVAR group [8]. EVAR-1 trial reports an overall survival of 54% for both groups, 
and OVER study presents similar results [8–11]. The higher peri-procedural mortal-
ity of OR is balanced by higher rates of complications during long-term follow-up 
in EVAR patients. EVAR complications seem to increase in a period between 6 and 
4  years from the procedure. The RCTs [4–7] also reported a higher rate of re- 
intervention in EVAR group. Patients who underwent EVAR had a significantly 
higher re-intervention rate (23.4%) than open surgery group (13.1%) [8]. Moreover, 
the DREAM study showed that re-interventions in open group were related mostly 
to the onset of laparocele, while in the EVAR group, re-interventions were more 
related to endograft complications such as endoleaks, migration and/or thrombosis. 
As regards long-term complications, all the RCTs reported homogeneous data 
between EVAR and open procedures [8].

In conclusion, the Cochrane review showed that EVAR has an advantage in terms 
of early/midterm mortality and cardiac morbidity, while OR showed better results 
in terms of freedom from re-intervention.

The two techniques didn’t show significant differences in long-term survival, so 
that different parameters should be considered in order to decide which treatment, 
OR or EVAR, is better for each patient.

Due to the lower invasiveness and cardiac morbidity, EVAR has extended the 
possibility of treatment to patients at high surgical risk. Thanks to EVAR, risks and 
benefits in the treatment of AAA have changed, and also patients affected by a rel-
evant number of comorbidities can now be treated.

Even if EVAR is associated with lower morbidity and short-term complications 
compared with OR, procedure-related complications and re-interventions remain an 
open issue.

Re-intervention rate of EVAR is around 1–2% per year. Octogenarian patients 
have a life expectancy of 6.1 years, and they are likely to die for other disease, not 
related to the AAA.

It is also remarkable that the reduced period of hospitalization has defined EVAR 
as the most indicated technique for the treatment of octogenarians. In fact open 
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surgery requires long time of complete recovery (between 3 and 6 months), and 
36% of patients did not completely recovered.

Some comorbidities have been defined as relevant in determining the success of 
a surgical procedure: high grade of ASA (American Society of Anesthesiologists) 
score; cardiac, pulmonary, nephrological, neurologic and hematologic issues; ele-
vated body mass index; impaired renal function; reduced haematocrit and low levels 
of albumin.

According to these factors, a new score based on ASA score and on a system 
suggested by Ad Hoc Committee for Standardized Reporting Practices in Vascular 
Surgery by SVS has been proposed [12]. This score considers the presence of car-
diac, pulmonary and renal comorbidities and allows stratifying patients in low, 
medium and high risk.

18.3  Literature Review in Patients Under and Over 80s

Previous studies showed a higher 30-day mortality in octogenarians versus younger 
patients [13, 14]. In particular, Lange et al. [15] reported a 30-day mortality rate of 
5%. In a more recent paper, Geisbusch et al. [16] showed that 30-day mortality of 
patients who underwent EVAR was higher in octogenarians (2.8% vs 1%). However, 
in this study, age did not influence survival in high-risk patients. Tsilimparis et al. 
[17] reported a 30-day mortality rate stratified on the basis of age: 13, 7 and 4% in 
nonagenarian, octogenarians and younger patients, respectively. Cardiac and pul-
monary complications were the main complications related to 30-day mortality. 
These complications were not related with the procedure but with the clinical 
conditions.

As regards long-term outcomes, Geisbuch et al. [16] reported a survival of 64% 
in octogenarians at 4 years of follow-up. A lower survival has been reported in over 
80s patients at 1, 2 and 5 years. Death was aneurysm related in only 1.1% of cases, 
while 40% is related to comorbidities, and in 58% the cause of death was unknown. 
A higher mortality rate has been found in patients classified as ASA 4.

Elderly patients seem to have lower rate of re-interventions during follow-up. 
Visser et al. [18] reported 8.2 and 19.8% of re-interventions at 3 years in elderly and 
in young patients, respectively. This result could be related with a stricter follow-up 
of octogenarians. Other authors reported a re-intervention rate in octogenarian 
about 10–15% [19, 20].

18.4  Our Experience

In our experience, among 1135 consecutive EVAR performed in an 8-year period 
(2006–2015), 201 (15.9%) were octogenarian.

Due to the increment of mean life duration, the number of patients that need a 
treatment has increased (from 8 cases in 2006 to 26 cases in 2014). The mean age 
was 84 ± 2 years (range 81–100 years), 84% were male, and the mean AAA diam-
eter was 61 ± 8 mm. Thirty-four patients (16%) had ASA score of 4.
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Loco-regional anaesthesia was the preferable method and was performed in 84% 
of patients.

Short-term results were encouraging, both regarding the technical success 
(96.7%) and the absence of 30-day conversions and re-interventions. Technical suc-
cess was not reached in case of type Ia endoleak that has not influenced a 30-day 
mortality.

The 30-day mortality was 2.5%, and it was lower if compared to literature 30-day 
mortality in elderly patients (2.8, 5 and 7.2%, respectively, by Geibusch et al. [16], 
Lange et  al. [15] and Tsilimparis et  al. [17]) but higher if compared to younger 
patients (1.4% Paravastu et al. [8]). Mortality was significantly higher in ASA 4 
patients compared with ASA < 4 patients (9.4% vs 0.6%).

In our experience, perioperative morbidity was 23.5%, similar to morbidity rate 
reported from Tsilimparis et al. [17] (24.7%). Geibusch et al. [16] reported a lower 
morbidity rate (11.5%) without considering nephrological complications. If we 
consider only cardiopulmonary complications, our morbidity rate is 9.9%.

The mean follow-up was 36 ± 18 months, and the overall survival at 1, 2, 3 and 
5 years was 88 ± 2%, 84 ± 3%, 79 ± 3% and 56 ± 5%, respectively.

Among elderly, we divided and compared the population into two groups on the 
basis of the age: survival of patients over 85 years was 66.8% vs 64.5% of patients 
between 80 and 85 years at a mean follow-up of 35 months (p:ns). Long-term mor-
tality related to AAA was 3.1% vs 33.3% of total deaths.

Re-interventions rate at 35 months of follow-up was 6.2%, slightly lower if com-
pared to the current literature (8.2% Visser et al. [18] and 12.6% Biebl et al. [14]). 
Re-intervention rate in elderly was significantly lower than in patients under 80s 
(23.4%). This could be related to the stricter attention offered to elderly.

In our experience, we evaluated other possible variables that can influence sur-
vival (COPD, CKF, PAOD and ASA 3 or ASA > 3. At multivariate analysis, PAOD 
was one of the variables that affects more midterm survival (2 years), together with 
ASA > 3 score (signal of higher systemic comorbidities). Only patients with one or 
no risk factors reached the 5-year follow-up.

 Conclusions

Octogenarians are affected by a higher risk of peri-procedural mortality com-
pared to patients under 80s, but this risk is sufficiently low to allow EVAR treat-
ment in these patients.

Obviously the decision to treat this group of patients remains controversial 
and has to be valued case by case, considering comorbidities, aneurysm dimen-
sion and life expectancy of each patient.

With a life expectancy of 6.1 years, octogenarians with anatomical and clini-
cal features fit for EVAR seem to benefit from a preventive AAA treatment. 
EVAR in >80-year-old patients is associated with an overall low early mortality 
rate of 2% especially in ASA < 4 (0.6%).

According to the literature, we can state that age should not be considered first 
as an exclusion criteria for these patients, not even if over 85 years.
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Exclusion criteria should be clinical conditions of patient, because the sur-
vival of patients with none or only one risk factor justifies the treatment for 
AAA; however, patients with ASA 4 and PAOD had a significantly higher mor-
tality rate and reduction of life expectancy; therefore, the EVAR treatment could 
be justified only in particular cases of AAA with impending rupture.
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Abbreviations

ASVAL Ablation sélective des varices sous anésthesie locale
CDT Catheter-directed thrombolysis
CEAP Clinical-etiology-anatomy-pathophysiology
CHIVA Cure Hémodynamique de l’insuffisance veineuse en ambulatoire
CT Compression therapy
CVD Chronic venous disease
CVI Chronic venous insufficiency
CVLU Chronic venous leg ulceration
DVT Deep vein thrombosis
ECM Extracellular matrix
EVLA Endovascular laser therapy
GAG Glycosaminoglycan
LMWH Low molecular weight heparin
PAPS Percutaneous ablation of perforators
PAT Percutaneous aspiration thrombectomy
PCDT Pharmacomechanical catheter-directed thrombolysis
PTS Post-thrombotic syndrome
RFA Radiofrequency ablation
SEPS Subfascial endoscopic perforator vein surgery
VAD Venoactive drug
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19.1  Introduction

Venous disorders of the leg refer to either chronic or acute conditions related to or 
caused by veins that become diseased or abnormal. These problems can include chronic 
venous disease (CVD) which involves primarily the superficial venous system and 
deep vein thrombosis (DVT) which affects primarily the deep venous system.

CVD and DVT may occur at any age; nevertheless, most of the complications of 
venous disorders are more prevalent in the elderly [1].

19.2  Chronic Venous Disease

The prevalence of chronic venous disease (CVD) is <10% for men and for women 
younger than 30 years and goes up to 57 and 77% in men and women aged >70 years, 
respectively. The spectrum of CVD can be described using the clinical-etiology- 
anatomy-pathophysiology (CEAP) classification, and according to the “C” (clinical 
classes) of this classification, it ranges from the mild manifestations such as telan-
giectases/reticular veins (C1) and truncal varicose veins (C2) to the more advanced 
signs represented by leg edema (C3) and the serious dermal manifestations 

C1
teleangectasies and

reticular veins
C2

varicose veins
C3

edema

C4
a) Venous eczema

b) Lipodermatosclerosis
C5

Healed venous ulcer
C6

Active venus ulcer

a b

Fig. 19.1 Clinical classes (C) of the CEAP classification
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consisting of hyperpigmentation, eczema, lipodermatosclerosis (C4), and chronic 
venous leg ulceration (CVLU) (C5–C6) (Fig. 19.1).

Clinical manifestations from C3 to C6 pertain to the condition called chronic 
venous insufficiency (CVI).

Each clinical class is further characterized by a subscript for the presence of 
symptoms (S, symptomatic) or absence of symptoms (A, asymptomatic). Symptoms 
include aching, pain, tightness, itching, heaviness, and muscle cramps. A particular 
subgroup of patients are defined C0s, which means that these patients have no evi-
dent sign or instrumental abnormalities, but they complain of venous symptoms.

Loss of calf muscle pump and poor mobility in elderly patients more often lead 
to important increase of venous hypertension, with subsequent skin changes forma-
tion and, thus, with the risk of venous ulceration becoming even higher. In fact, 
venous ulcers occur more commonly in the elderly, the peak prevalence occurring 
between ages 60 and 80 years. Venous ulceration is a condition that often requires 
long-term care. Nonhealing ulcers can be complicated by infection that may require 
hospitalization. Furthermore, venous ulcer recurrences are common with rates rang-
ing from 54 to 78%. In the western world, the treatment cost of venous ulcers has 
been estimated to require up to 2% of the annual health-care budget.

Mixed arterial and venous disease may also coexist in elderly patients. In fact, in 
several clinical studies, the reported incidence of arterial insufficiency in patients 
with venous ulceration has reached up to 30%, especially in the elderly. This condi-
tion is responsible for chronic delayed healing among lower extremity wounds.

From a clinical point of view, venous ulcers are typically superficial and irregu-
larly shaped. Granulation tissue is often present along with the aforementioned 
signs of CVI, such as edema and skin changes. These wounds traditionally present 
in the lower third of the leg, especially around the gaiter region. Usually, there is no 
pain unless the ulcer becomes infected.

On the other side, arterial ulcers can have a punched out appearance with distinct 
borders and may involve the foot and/or the toes, and at the end stage, gangrene may 
be present. Furthermore, patients with arterial ulcers may complain of more leg pain 
compared to patients with venous ulcers alone.

In patients suffering from an ulcer of mixed arterial and venous origin, features 
of both ulcer types may be present (Fig. 19.2).

Fig. 19.2 Mixed arterial and venous ulcer
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Although many elderly patients have associated diseases or particular medical 
conditions that make them less suitable for a general anesthetic, the full range of 
interventions dedicated for the superficial venous disease can be performed safely 
under tumescent local anesthetic, often as an outpatient, with considerable advan-
tage for the elderly.

There is no evidence that surgical treatment of CVD in the elderly is less safe or 
less effective than in younger people. Conversely, elderly patients with CVD, being 
more likely to have complications for their condition, have the most gain from 
active treatment.

Apart from classic operations such as saphenectomy, surgery has made impor-
tant progress in the last 25 years. Operations are now more limited, considering the 
extension of the segments to treat, and they intend to correct the hemodynamic 
alterations, preserving the competent venous segments (hemodynamic surgery).

Furthermore the treatment of varicose veins has also undergone dramatic changes 
with the introduction of percutaneous endovenous ablation techniques, including 
endovascular laser therapy (EVLA), radiofrequency ablation (RFA), and liquid or 
foam sclerotherapy [1–11].

19.2.1  Operating Techniques

The basic indication for the treatment of varicose veins in the elderly is the preven-
tion of possible secondary complications and sequels which are particularly fre-
quent in these patients. Therefore, for these patients, varicose vein surgery is 
basically a preventive surgery [7–18].

19.2.1.1  Saphenous Stripping
This surgery involves making incisions (usually the groin and medial thigh, for 
the short vein stripping, or the lower part of the leg, for the long vein stripping) 
followed by insertion of a special metal or plastic wire into the vein. The vein 
is attached to the wire and then pulled out from the body. The incisions are 
stitched up, and a pressure bandage followed by elastic stockings is a common 
recovery prescription. This procedure may be performed under general or 
locoregional anesthetic and more frequently under local or tumescent anes-
thetic. For this reason and for the risk of saphenous nerve injury, more fre-
quently in the elderly, the reasons explained below are not routinely considered 
for elderly people.

Saphenous nerve injury is known for a long time to be a potential complication 
of the saphenous vein long stripping. The proximity of the vein and nerve, espe-
cially at the level of shank, results in injuries during the vein resection, especially in 
the patients, such as the elderly, with advanced varicose veins in this area caused by 
a large number of insufficient perforators. Additionally, in the elderly patients suf-
fering from long-lasting varicose veins, it can lead to an accretion of the widened 
vein, resulting in the saphenous nerve neuropraxy. This pathology also facilitates in 
injury of the nerve fibers during the operation [9–12].
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19.2.1.2  Local Phlebectomy and Hemodynamic Correction
Surgical treatment for varicose veins had a great and creative improvement with 
Muller’s invention of the local stab avulsion method, developing some specific and 
useful hooks. Soon after, Franceschi developed a minimally invasive surgical 
approach, the cure hémodynamique de l’insuffisance veineuse en ambulatoire 
(CHIVA), meaning a therapy (cure) which preserves veins and restores the hemody-
namics for insufficient veins on an outpatient basis. In fact, CHIVA strategy aims to 
perform a hemodynamic correction, more than to a radical avulsion of the varicose 
bed, based upon a meticulous preoperative duplex ultrasound examination. CHIVA 
treatment corrects the blood flow by using ligatures of specific blood vessels. In 
fact, the duplex ultrasound examination allows the physician to create a precise map 
of the patient’s venous anatomy and blood flow and, therefore, determine how to 
correct it. This technique may preserve the saphenous veins, and most of all, by sup-
pressing the hemodynamic overload, it normalizes the venous flow and make vari-
cose vein disappear. Generally the result is an efficient, cheap, and ambulatory 
minimally invasive surgery.

Recently the ablation sélective des varices sous anésthesie locale (ASVAL), based 
on the ascending theory, describing the disease process as developing in the lower 
most part of the leg and propagating cranially, aims to eliminate collateral varicose 
veins, considered at the origin of the disease, under local anesthesia and by means of 
multiple micro-incisions, and without treating the saphenous trunk [10,12,13–16].

19.2.1.3  Endovenous Thermal Ablation Surgery
The advantages of endovascular ablation are lower incidence of complications, 
shorter post-intervention hospital stays, less postoperative pain, and earlier return to 
normal physical activities and, therefore, are particular adequate in the elderly.

The main techniques are represented by endovenous laser ablation (EVLA) and 
radiofrequency ablation (RFA) which are performed ultrasonographically guided 
and under tumescent local anesthetic.

EVLA is performed by introducing a laser fiber into the lumen of the vein to 
treat. The heat generated and transferred by the laser energy causes a direct thermal 
injury to the vein wall, resulting in the destruction of the endothelial wall, collagen 
denaturation of the media, and then followed by fibrosis. EVLA can be used to treat 
both axial veins and collaterals.

RFA is performed by inserting a special radiofrequency catheter into the targeted 
saphenous vessel under ultrasound guidance from the knee to the groin, usually up 
to the level of the epigastric vein or 1–2 cm away from the saphenofemoral junction. 
The initial thermal injury is then followed by fibrosis of the treated vein. This pro-
cedure appears to be safe and efficacious, shortening the operation time and pre-
venting patient procedural discomfort. RFA has been initially proposed for the 
treatment of axial reflux (saphenous veins) but seems to have also a role in the treat-
ment of tributary varices.

The introduction of ultrasonographically guided thermal ablations has also revo-
lutionized the techniques of perforator vein ablation. Percutaneous ablation of per-
forators (PAPS) consists in the application of an ablative technique (RF, EVLA, or 
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even sclerotherapy) within the lumen of the target veins through an ultrasound- 
guided percutaneous intraluminal port. These techniques seem to get advantages 
over the most traditional ablative treatments (Linton and Cockett procedures) and 
even over the less invasive subfascial endoscopic perforator vein surgery (SEPS) for 
the necessity of simple local anesthesia and for the possibility to be performed 
ambulatorially because no dissections and incisions are needed [1,11,17].

19.2.1.4  Skin Grafts
One of the most important surgical procedures for the treatment of CVLUs is skin 
grafting, especially when lesions are large and refractory to standard treatments.

Autografts, allografts, or human skin equivalents can be used, with a resulting 
healing rate of 73%. Overall, all patients suffering with CVLUs and being consid-
ered for skin graft should undergo surgery for venous insufficiency in order to cor-
rect the underlying venous abnormalities causing the ulcerations and avoid surgical 
breakdown. Skin grafting for CVLUs can also be followed by additional treatment 
to try to speed up the healing such as long-term LMWH therapy. Also the use of 
platelet gel after skin grafting appears to be effective and a safe tool in order to 
increase the healing rate of difficult-to-treat ulcers, reaching a healing rate up to 
90% at 5 years [1, 18].

19.2.1.5  Nonsurgical Treatments
Nonsurgical approaches are mainly represented by compression therapy, medical 
treatment, and sclerotherapy that will be briefly resumed here for completeness, as 
they are not included within the aim and the scope of this surgical chapter, but they 
may be used as adjuvant treatments to surgery.

Currently, compression therapy represents the basic and most frequently used 
treatment of CVD and its complications. This treatment has been extensively vali-
dated. Compression therapy (CT) must overcome the abnormal hemodynamics of 
venous hypertension; it is important to achieve the optimal pressure according to the 
clinical class of the patient. Therefore, CT has been designed as the primary thera-
peutic modality for healing venous ulcers and as adjuvant device to superficial vein 
surgery and skin grafting in order to avoid also ulcer recurrence. CT may be exe-
cuted by compression stockings and compression bandages. Depending on the clin-
ical situations, generally the grade of compression may range 10–40 mmHg or even 
more.

Difficulties regarding putting on and removing of the compression stockings 
remain significant in the elderly population, and this may affect the compliance of 
this category of patients to these important and useful devices.

Venoactive drugs (VADs) have been employed, along the years, in case of all the 
clinical classes of CVD. The most used are flavonoids which seem to reduce endo-
thelial alterations and improve the property of smooth muscle cells within the media 
of the vein, with phlebotonic effect. Glycosaminoglycan (GAG) drugs seem to 
reduce inflammation and extracellular matrix (ECM) imbalance which is one of the 
major components of CVD.

S. de Franciscis and R. Serra



293

Sclerotherapy has become a very popular treatment for varicose veins in Europe. 
It consists of the injection of a sclerosing substance into the refluxing vessels. The 
sclerosant substance, in the liquid form or in the foam form if it has been mixed with 
a gas, such as air, is able to determine chemical endothelial damage and vessel fibro-
sis [1, 19].

19.3  Deep Vein Thrombosis

One of the most recent understood aspects of venous deep vein thrombosis (DVT) 
risk is advancing age. Incidence rates of DVT increase dramatically at about age 55 
and by age 80 are nearly 1 in 100 per year, approximately 1000-fold higher than for 
those aged 45 or younger. Furthermore, rates of its life-threatening complication 
pulmonary embolism (PE) rise faster than DVT in the elderly so that the disease has 
greater fatal impact in this population. For DVT (Fig. 19.3), prompt, effective, and 
sustained anticoagulation is pivotal because of the risk of recurrent events, includ-
ing PE, and also complications such as post-thrombotic syndrome (PTS) and 
chronic thromboembolic pulmonary hypertension, which may greatly affect a 
patient’s quality of life, especially in the elderly.

PTS is the consequence of venous valvular incompetence, venous outflow 
obstruction, and calf muscle pump dysfunction following an acute episode of 
DVT. Signs and symptoms of PTS may include lower extremity pain, edema, hyper-
pigmentation, and CVLU. For PTS, proximal DVT and recurrent ipsilateral DVT 
are the two principal established risk factors for PTS, and the best way to prevent it 
is to provide optimal anticoagulation for the acute phase of DVT once it occurs. 
From this, it follows that most of the treatment of DVT pertains to medicine rather 
than surgery.

Fig. 19.3 Deep vein thrombosis
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For the subgroup of patients with acute iliofemoral DVT and recently formed 
thrombus (<10–14 days), endovascular treatment options may also be considered 
such as catheter-directed thrombolysis (CDT), pharmacomechanical catheter- 
directed thrombolysis (PCDT), percutaneous aspiration thrombectomy (PAT), vena 
cava filter protection, venous balloon dilatation, and venous stent implantation. 
Current practice shows strong clinical tendency for the use of PCDT with or without 
other endovascular methods and an individualized approach for each DVT patient. 
PCDT seems also to be the most promising interventional modality for prevention 
of PTS. PCDT aims to improve early mechanical thrombus removal and promote 
lysis of remaining clot.

Current guidelines from the American College of Chest Physicians suggest that 
directed thrombolysis should be used in those with life expectancy >1 year, good 
functional status, extensive iliofemoral thrombosis, and presenting soon after the 
onset of symptoms (fewer than 14 days) (level 2B evidence) [20–25].
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20.1  Introduction

The incidence of gallstone disease in the elderly population ranges from 14 to 27%. 
The prevalence of gallstones increases with age. It ranges from 20 to 30% in patients 
aged ≥60 years [1, 2], and according to several potentially high severity studies, 
especially with patients presenting with complications, the prevalence increases to 
80% in institutionalized individuals aged ≥90 years [3]. One such complication is 
acute cholecystitis, which is a frequent reason for an emergency presentation to 
hospital. Surgery for cholelithiasis is more common in elderly patients since the 
incidence of gallstones increases with age (13–50%). It is the higher frequency of 
associated pathologies in patients older than 60 years of age that can influence the 
type and effectiveness of treatment. In elderly patients, the optimal treatment of 
acute cholecystitis remains controversial. Laparoscopic cholecystectomy (LC) is 
the gold standard for the treatment of gallbladder stone disease. Even though lapa-
roscopic cholecystectomy has become the gold standard for the treatment of gall-
bladder stones, its safety in elderly patients is still questioned [4–6]. In comparison 
with the open approach, the advantages of this procedure include better cosmetic 
results, less postoperative pain, shorter operative time, less intraoperative and post-
operative complications and shorter postoperative hospital stay both in younger and 
older people.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-60861-7_20&domain=pdf
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This chapter considers the question of whether to recommend laparoscopic or 
open cholecystectomy in elderly patients of over 70 years of age. The most impor-
tant points of the discussion are addressed.

20.2  Discussion Points

The literature contains many criteria, none of which have led to the defining of an 
agreed single cutoff age. The National Institute on Aging and the National Institute 
of Health identify three age classes: “young old” (65–74 years), “older (middle) 
old” (75–85 years) and “oldest old” (>85 years). Census predictions indicate that 
from 1995 to 2020, the percentage of the population aged 65 years or older will 
increase from 12.8 to 15%, those aged 75 years or older will increase from 5.6 to 
6.8% and those aged 85  years or older will increase from 1.4 to 2% [7]. 
Cholecystectomy is a common operation in ageing patients, due to the increasing 
prevalence of gallstones in an increasingly older population [8, 9].

The laparoscopic approach to a cholecystectomy is standard. Their only oppor-
tunity to perform an open procedure is a simultaneous cholecystectomy, such as in 
a total gastrectomy, a pancreatoduodenectomy, or major liver resections.

The only a priori indications for an open procedure are in the case of a suspected 
malignant disease, gallbladder cancer or major anaesthesia restrictions, mostly 
related to respiratory function during pneumoperitoneum.

20.3  Biliary Lithiasis

Biliary tract disorders are amongst the most common reasons for surgery in older 
patients. Fifty percent of women and 16% of men in young old have been shown to 
have gallbladder disease [10]. When bile duct stones are suspected, an MRCP (mag-
netic resonance cholangiopancreatography) is performed, which is a sensitive nonin-
vasive and rather sensitive method. Once the biliary stones have been identified, the 
use of Endoscopic Retrograde Cholangio Pancreatography (ERCP) allows the clear-
ance of the principal bile duct. In the study carried out by Charfare et al., a preopera-
tive ERCP was performed, and postoperatively retained stones were present in 1.2% 
of these patients [11]. In another study by Collins et al. amongst 997 laparoscopic 
cholecystectomy patients, clinically silent choledocholithiasis was present in 3.4%, 
one-third of which were passed spontaneously within 6 weeks of the operation [12]. 
The extremely elderly frequently present with several biliary diagnoses and compli-
cated gallstone disease, which explains the higher rate of complications and mortality 
usually seen in this age group [11–15].

The incidence of choledocholithiasis ranges from 5 to 10% in patients under-
going laparoscopic cholecystectomy for symptomatic cholelithiasis and from 18 
to 33% of patients with acute biliary pancreatitis. The clinical presentation of 
choledocholithiasis may vary widely, as up to half the cases of common bile duct 
stones (CBDS) may be asymptomatic or associated with various symptoms and 
conditions [16].
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Over the last 30 years, the diagnosis and management of CBDS have radically 
changed following the dramatic diffusion of imaging, including endoscopic ultra-
sound (EUS) and magnetic resonance cholangiography (MRC), endoscopy and lapa-
roscopy. During the 2000s, a critical appraisal of management options [17, 18] and the 
diffusion of new diagnostic examinations led to a more cautious, patient- tailored pre-
operative workup, based on patient risk of carrying CBDS, and management based on 
the perception that CBDS [19, 20] may be treated in a multidisciplinary way.

The 2006 European Society for Endoscopic Surgery (EAES) guideline update justi-
fied an expectant attitude in elderly patients [21]. In 2008, the British Society of 
Gastroenterology guidelines [22] recommended that whenever patients have symp-
toms and investigations suggest ductal stones, possible extraction should be performed; 
the American Society for Gastrointestinal Endoscopy (ASGE) guidelines [23] incorpo-
rated those recommendations and proposes a stratification of patients according to the 
risk for choledocholithiasis, thus influencing subsequent management [23].

According to ASGE guidelines, cholangitis, total bilirubin >4 mg/dL and com-
mon bile duct stone (CBDS) on US were considered very strong predictors. Total 
bilirubin 1.8–4 mg/dL and dilated CBD on US were considered strong predictors. 
Abnormal liver biochemical tests, patients aged >55 years and gallstone pancreatitis 
were considered moderate predictors (Fig. 20.1) [23].

A retrospective study confirms that the combination of choledocolithiasis predic-
tors may improve risk estimation of choledocholithiasis and should be considered to 
optimize patient selection for ERCP. However, even in the “high-risk group”, the 
specificity was low (56.2%), meaning that a significant proportion of patients will 
still have an unnecessary ERCP [24].

There are two main approaches for patients with an intermediate to high risk of 
carrying CBDS: on one hand, the “laparoscopy-first” approach and on the other 
hand, the “endoscopy-first” approach [25].

Since no consensus has been achieved, CBDS diagnosis and management seem 
to be more conditioned by availability of instrumentation, personnel and skills than 
cost-effectiveness [19, 23].

The optimal timing for therapeutic ERC in the management of choledocholithia-
sis is variable and depends on the specific clinical scenario. In elderly patients, it is 
better to bring forward the therapeutic time to prevent cascades of pathological 
events linked to associated pathologies [25].

The ageing population of Western countries together with the increasingly less 
invasive nature of CBDS management is rekindling the debate concerning the most 
appropriate treatment not only for the “young old” and “older old” but also for old-
est old, where procedure-related complications may become severe or fatal [25]. 
Operative ERCP is proposed for CBDS retrieval in the very elderly [16, 26]. In old-
est old patients and those with serious comorbidities, where other endoscopic or 
surgical procedures may confer unacceptably high risks, endoscopic biliary stenting 
is a useful alternative [27, 28].

In general, although results of mini-invasive CBDS management in very elderly 
patients seem to be worse than in younger patients, they mostly consist of longer 
operating times and hospital stays. Since clinical impact and morbidity appear lower 
than those of traditional surgery, age should not contraindicate per se CBDS 
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management. Biliary stent placement is a possible alternative in elderly patients but 
is likely to put the patients at risk for cholangitis as a result of stent clogging. To 
avoid this adverse event, a periodic (e.g. every 3 months) exchange of biliary stents 
is needed [24]. An emerging dilemma is whether to proceed with cholecystectomy 
after successful CBD clearance in patients of 80 years or over [25, 29].

The goal of treatment for the elderly is to provide them with the best possible 
quality of life with the lowest physiological cost.

20.4  Postoperative Course: Hospital Stay

Laparoscopic cholecystectomy has been shown to provide a shorter hospital stay, 
less postoperative physiological dysfunction and an earlier return to daily activities 
than open cholecystectomy. The attainment of such goals is particularly desirable in 
the elderly patient [30]. Advanced age is frequently associated with significant 

Predictors of choledocholithiasis

“Very strong”

“strong”

Bilirubin level 1.8-4 mg/dL

Abnormal liver biochemical test other than bilirubin

“Moderate”

Age older than 55 years

Presence of any very strong predictor

Presence of both strong predictors

No predictors Present

All other patients

High

High

Low

Intermediate

Clinical gallstone pancreatitis

Assigning a likelihood of choledcholithiasis based on clinical predictors

Dilated CBD on US (> 6 mm with gallbladder in situ)

Clinical ascending cholangitis

Bilirubin > 4 mg/dL

CBD stone on transabdominal US

Fig. 20.1 Taken from Maple JT, Ikenberry SO, Anderson MA, Appalaneni V, Decker GA, et al. 
The role of endoscopy in the management of choledocholithiasis. Gastrointest Endosc. 2011; 74: 
731–744
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comorbidity and limited functional reserve, which may complicate a postoperative 
course. Preoperative assessment of cardiovascular risk factors and adequate moni-
toring of the patient is necessary for detection and treatment of possible complica-
tions [31]. In the Yetkin et  al. study [32], the length of hospitalization was 
significantly longer in the elderly group compared with that in the younger group. 
These results indicated that elderly patients also benefited from the shorter hospital 
stay offered by the laparoscopic technique.

20.5  Morbidity and Mortality

The reported incidence of morbidity and mortality with open cholecystectomy in the 
geriatric population is approximately 23–28% and 1.5–2% respectively [33, 34]. In the 
elderly who underwent laparoscopic cholecystectomy, complication rates of 5–15% 
and an overall mortality rate of 0–1% have been observed [4, 13, 14]. Higher complica-
tion rates observed in oldest old patients seem to result from more difficult cholecys-
tectomies. The best surrogate markers of biological age are the functional reserves of 
the organism. The functional reserves represent the difference between basal and maxi-
mum function of the organ/system and are a measure of the capability of the organism 
to cope with conditions of increased stress or disease [58].

Kuy et al. [36] have shown that the oldest old are ≥3 times more likely to need 
blood transfusions and to require continuous mechanical ventilation and ≥5 times 
more likely to develop aspiration pneumonitis. Other studies have proven that 
age > 65 years, male gender, acute cholecystitis, thickened gallbladder wall, diabetes 
mellitus, ASA 3 and previous upper abdominal surgery were significantly associated 
with an increased risk of conversion to the open technique [37, 38]. In oldest old 
patients, the rates of acute cholecystitis, conversion to open surgery and postopera-
tive complications were significantly higher than in other groups (Tables 20.1 and 
20.2) [32]. On the other hand, the enhanced recovery offered by laparoscopy, with 
reduced postoperative pain, improved mobilization, a shorter length of hospital stay 
and fewer complications may be most advantageous in this group with a prevalent 
comorbidity and reduced physiologic reserve [31, 39]. The extremely elderly fre-
quently present with complicated gallstone disease, which explains the higher rate of 

Table 20.1 Significantly higher incidence of postoperative complications compared to their fit 
counterparts

Postoperative complication
OR (95% CI) PPresent N (%) Absent N (%)

CGA assessment
Fit 2 (15.4) 23 (52.3) 1.0 0.026
Frail 11 (84.6) 21 (47.7) 6.0 (1.2–30.4)
Age
<75 8 (61.5) 28 (65.1) 1.0 1.000
≥75 5 (38.5) 15 (34.9) 1.2 (0.3–4.2)
ASA
<3 3 (23.1) 2 (4.5) 1.0 0.072
≥3 10 (76.9) 42 (95.5) 6.3 (0.9–42.8)
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complications and mortality usually seen in this group [5, 30]. It is estimated that the 
30% residue of the functional reserve may represent the minimum threshold for the 
functionality of the system itself. Therefore, it is possible to lose 70% of a function 
without any symptomatic manifestation, especially if such reduction occurs over 
time (Fig. 20.2) [58].

Table 20.2 Post-operative stay as outcome in elderly group

Postoperative stay
OR (95% CI) P≤2 days N (%) >2 days N (%)

CGA assessment
Fit 13 (65.0) 11 (30.6) 1.0 0.023
Frail 7 (35.0) 25 (69.4) 4.2 (1.3–13.5)
Age
<75 14 (70.0) 22 (61.1) 1.0 0.571
≥75 6 (30.0) 14 (38.9) 0.7 (0.2–2.2)
ASA score
<3 0 (0) 5 (13.9) 1.0 0.148
≥3 20 (100) 31 (86.1) 5.6 (0.8–35.8)

Taken from Lasithiotakis K, Petrakis J, Venianaki M, Georgiades G, Koutsomanolis D, Andreou A, 
Zoras O, Chalkiadakis G. Frailty predicts outcome of elective laparoscopic cholecystectomy in 
geriatric patients. Surg Endosc. 2013;27(4):1144–50
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Fig. 20.2 Vulnerability of frail elderly people to a sudden change in health status after a minor 
illness. The green line represents a fit elderly individual who after a minor stressor event has a 
small deterioration in function and then returns to homeostasis. The red line represents a frail 
elderly individual who after a similar stressor event undergoes a larger deterioration and does not 
return to baseline homeostasis. Taken from Clegg A.  Frailty in elderly people. Lancet. 2013; 
381:752–62

A. Puzziello et al.



305

20.6  Pneumoperitoneum

In laparoscopic cholecystectomy, CO2 pneumoperitoneum has potentially harmful 
intraoperative circulatory and ventilatory effects because of absorbed carbon diox-
ide and elevated intraabdominal pressure. Pneumoperitoneum decreases functional 
residual capacity, lung compliance and peak airway pressures, and absorbed intra-
peritoneal CO2 causes hypercarbia and acidemia. Both increased intra-abdominal 
pressure and reduced cardiac function and renal and hepatic hypoperfusion result-
ing in oliguria and transient hepatocellular injury [40, 41, 57]. Cardiac output 
decreases by up to 30% during laparoscopic surgery, due to a decrease in stroke 
volume. Pneumoperitoneum also causes an increase in systemic vascular resis-
tance [42, 43]. Findings from the Koivusola et al. [15] report show that during lapa-
roscopic cholecystectomy, the pneumoperitoneum induced with 10–12  mm  Hg 
pressure in patients with ASA scores 3 or 4 did not pose additional risks in elderly 
patients.

20.7  Acute Cholecystitis

Applying strict criteria to select patients who might benefit from early cholecys-
tectomy as treatment for acute cholecystitis (AC) may contribute to a better 
perioperative outcome. Fuks et al. [44] assessed the perioperative outcome of 
early cholecystectomy in elderly patients. It included only patients with grades 
I and II acute cholecystitis based on the severity assessment criteria from the 
Tokyo Guidelines [45]. To reduce the risk of perioperative morbidity and mor-
tality, a severity assessment of pre-existing comorbid conditions should be per-
formed. This review showed that patients who died had been suffering from 
severe pre-existent comorbidities or a poor clinical preoperative condition [44, 
46, 47].

Previous studies have shown that the incidence of acute cholecystitis is higher 
in elderly patients [10, 13]. The Yetkin study in older old patients revealed that 
the rate of acute cholecystitis was 45.5%, and in oldest old patients, it was sig-
nificantly higher than that of other groups (P 0.029) [32]. This finding seems to 
explain the higher complication rate in oldest old patients [39, 48]. Even though 
elderly patients are more likely to present with several comorbidities in advanced 
stages, early laparoscopic cholecystectomy for elderly patients with acute gall-
bladder disease proved to be safe and effective. It should be regarded as the 
standard of care in conjunction with an appropriate selection of cases [13, 49]. 
Loozen demonstrated that early cholecystectomy for acute cholecystitis in 
patients aged ≥70 years is associated with a perioperative morbidity of 24% and 
a mortality of 3.5% [50].
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20.8  Conversion

In many surgical teams, conversion is mandatory in cases of anatomic difficulties or 
complications. A conversion does not make the operation easier or safer. The con-
version rate depends on the surgical team’s experience and work volume. The cor-
relation between age and conversion has been previously reported in elective surgery 
for cholelithiasis [32, 51] as well as in AC [30]. Conversion to open surgery is more 
frequent in elderly patients and ranges between 5 and 25% [10, 47, 52]. Yetkin et al. 
[32] report a conversion rate of 8% in the younger age group. Although the conver-
sion rates were higher in the elderly group of “young old”, this did not reach statisti-
cal significance (P 0.765) [32]. However, subgroup analysis of group of “young 
old” and “older old” revealed that patients aged 80 or over had a significantly higher 
conversion rate than that of other subgroups (P 0.01), a finding which is also in 
agreement with the literature. Increased age has been noted in the literature as a 
preoperative risk factor for conversion, perhaps due to a longer history of gallstones 
and increased number of cholecystitis attacks [53, 54].

 Conclusion
The evaluation of a new technology and/or innovative surgical technique has 
many problems, which are related in part to a cultural attitude towards evidence-
based surgery [55]. In addition, some factors can also bias the best randomized 
trials with random sampling. Moreover, the success of an intervention is not only 
related to the surgeon’s skills and experience but also to the patient’s character-
istics. Diffusion of new techniques in surgery is also related to sociological fac-
tors. Whatever the quality of innovation, these factors affect its adoption on a 
large scale, thus making any attempt at objective analysis useless: “It is always 
too early (for rigorous evaluation) until, unfortunately, it’s suddenly too late” 
(Buxton’s law) [56].

In elderly patient, the laparoscopic approach was initially reserved for low-
risk patients, although age has never been a contraindication [47]. It is therefore 
important to consider the impact that this procedure has had on the fastest grow-
ing segment of our population, ageing patients, who are at high risk for surgery 
[5]. LC can be performed safely in extremely elderly patients. However, the pres-
ence of inflammation is the main factor that influences the adverse outcome in 
the elderly.
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21.1  Introduction

Cancer of the gallbladder and biliary tree are still stimulating challenges of modern 
surgery; the incidence of such diseases is not decreasing, and surgeons have become 
more aggressive in the last few years with the aim of radically removing neoplasms 
of this district. Studies from around the world demonstrate improvement of results 
in terms of long-term survival and quality of life, in elderly people as well. The 
purpose of this chapter is to review biliary diseases with emphasis on management 
in the older adult populations: until recently, age per se was considered the most 
important factor in the surgical decision-making process. However, efforts have 
been made to better understand the surgical risk and predict life expectancy of older 
cancer patients.

21.2  Gallbladder Cancer

Gallbladder cancer (GBC) is a form of malignant neoplasia equally rare and aggres-
sive; because of its tendency to quickly spread by blood and in the lymphatic and in 
the intraperitoneal cavity, it’s commonly found in its late presentation, often with 
disseminated disease. Similarly, gallbladder cancer is often found incidentally after 
cholecystectomy for benign disease such as cholelithiasis, and this may lead to the 
necessity of additional surgery. Radical surgery is the only potentially curative 
treatment.
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21.2.1  Epidemiology, Risk Factor, and Pathology

Worldwide the incidence of GBCs correlates with a prevalence of cholelithiasis; 
countries such as South America and those of Far East Asia have particularly high 
rates of GBC; in Europe GBC has elevated higher incidence mostly in eastern coun-
tries; the incidence data range from 1.5 to 3/100,000 of Northern Europe to 
21.5/100,000 of Delhi, India [1]. The pathophysiologic factor underlying GBC is 
chronic gallbladder inflammation. Predisposing pathologic conditions are gallstone 
disease, porcelain gallbladder, gallbladder polyps, primary sclerosing cholangitis, 
abnormal pancreaticobiliary duct junction, and chronic infections such as salmonel-
losis or helicobacter colonization. The main associated risk factor identified so far is 
cholelithiasis (especially untreated chronic symptomatic gallstones) [2]; gallstone dis-
ease results typically from oversaturation of cholesterol in bile, even on a genetic 
background [3]; not only does it demonstrated a higher prevalence of GBC among 
people with cholelithiasis but also most patients with GBC have gallstone disease [4].

Porcelain gallbladder is characterized by the presence of calcification in the wall 
of the gallbladder, probably from a chronic inflammatory response, and is a risk 
factor for GBC as well, particularly in those cases where gallbladder wall calcifica-
tion is not complete where the risk of malignancy rises to 41% [5].

Gallbladder polyps are also a risk factor for GBC, and size >1 cm is an indepen-
dent factor for malignancy; risk of malignancy is 60–62% for polyps <1 cm but 
reaches 46–70% for polyps >1.5 cm [6].

Histologically most GBC are adenocarcinoma (about 90%); other kinds of 
malignancies are represented by squamous cell carcinoma (4%), neuroendocrine 
(3%), or sarcoma/others unspecified (3%) [7].

GBC spreads directly to the liver, via lymphatic vessels or by hematogenous means; 
the extreme facility of its spread is also due, on the side of the liver, to the absence of a 
serous layer with barrier functions, and, on peritoneal surface, there is only a very thin 
wall. Commonly it initially invades the liver or porta hepatis structures directly and other 
adjacent organs; the most common sites of lymphatic metastasis are locoregional lymph 
nodes. Hematogenous drainage leads to metastasize to the liver (typically IV and V seg-
ments) and to other extra-abdominal organs such as lungs [8]. 

21.2.2  Diagnosis

GBC can be diagnosed preoperatively, intraoperatively, or postoperatively, inciden-
tally at pathological examination following routine cholecystectomy; over two 
thirds of affected by GBC are diagnosed intra- or postoperatively [9]. Symptoms are 
nonspecific, such as upper right abdominal quadrant pain, sometimes jaundice, nau-
sea, anorexia, and/or weight loss, similar to those of a cholelithiasis or cholecystitis; 
unfortunately, only 25% of patients who present with symptoms are operable [10]. 
The most common situation is the discovery of the cancer at the time of pathological 
examination, which accounts for 30% of cases diagnosed with GBC. In three-large 
series combined, GBC was found in 0.33% of patients undergoing laparoscopic 
cholecystectomy [11–13].
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When there is a diagnosis or a clinical suspicion of a GBC, it’s important to make 
a correct preoperative imaging in order to reduce the number of unnecessary surgi-
cal attempts.

After blood tests with liver function, US imaging is recommended, followed by 
contrast-enhanced CT and/or MRI of the chest and abdomen, to evaluate the tumor 
extension and distant metastases. Endoscopic ultrasound is for some authors very 
helpful, allowing for good imaging with possible fine needle aspiration biopsy [14]. 
PET may be a useful method to detect distant or locoregional lymphonodal metas-
tases, particularly in the follow-up, but it is not yet inserted in routine diagnostic 
work-up of GBC.

21.2.3  Surgical Management

Radical surgical resection, with negative margins, is the only potentially curative 
treatment; it consists in cholecystectomy, unless the patient has already undergone 
cholecystectomy with occasional finding at pathologic review, associated to liver 
resection of segments IVb and V and locoregional lymphadenectomy, including 
cystic node (Mascagni’s node) and those of hepatic hilum; common bile duct resec-
tion is not recommended tout court but only to achieve radical resection with mar-
gins free of disease [15]; it can be useful to obtain an intraoperative frozen section 
of cystic duct stump to decide the need for further resections. Diagnostic laparos-
copy avoids a nontherapeutic laparotomy in about 56% with unrespectable disease, 
and it demonstrates a higher yield primarily in  locally advanced tumors than in 
early-stage tumors where disseminated peritoneal disease is quite rare [16]. A 
debated issue was the indication to remove the port site after laparoscopic cholecys-
tectomy with successive incidental finding of GBG; this has not been shown to 
change outcomes, since these types of spreads were found in patients with advanced 
disease and correlates with peritoneal metastasis [17].

21.2.4  Treatment of Unresectable Disease

Patients with advanced GCA often have a short survival and need palliation for 
present or future symptoms such as jaundice, dyspepsia, or duodenal occlusion; the 
main techniques are based on the interventional or endoscopic approach; surgical 
bypass was in the past described with bilio-enteric anastomosis or with a segment 
III bypass when hepatic hilum is involved by tumor [18].

21.3  Cholangiocarcinoma

Cholangiocarcinoma (CCA) is a tumor arising from the epithelium of the biliary 
tree; it can be anatomically divided into intrahepatic (or peripheral) and extrahepatic 
CCA, depending on where it arises from: within the liver in the first case and within 
the extrahepatic bile ducts in the second; extrahepatic CCA are divided into 
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perihilar or distal tumors: perihilar CCA, a more common type, arises from main 
bile duct confluence and distal CCA is localized between the confluence and the 
Vater’s ampulla. This disease has a bad prognosis, also due to its late diagnosis.

21.3.1  Epidemiology, Risk Factor, and Pathology

First described in 1840 by Durand-Fardel [19], CCA is a rare malignancy and its 
incidence in autopsies is about 0.01–0.46%; in the USA; the reported incidence is 
about 1–2 cases per 100,000 population [20]. It is difficult to interpret data from the 
American Cancer Society: in fact, intrahepatic and extrahepatic CCA are classified, 
respectively, with primary liver cancer and in a separate subgroup that includes 
gallbladder cancer; the number of primary liver tumors diagnosed annually in the 
USA is about 39,000 [21], and about 15% are intrahepatic CCA; 15,500 extrahe-
patic biliary tumors are estimated to be one third of non-gallbladder neoplasms. 
Overall incidence of intrahepatic CCA has been rising; this aspect probably is 
related to new diagnostic methods but may also be due to the concomitant increase 
in risk factors. Extrahepatic CCA incidence, on the contrary, is decreasing and is 
substantially unexplained [22].

There are several risk factors for CCA, associated with chronic inflammation of 
the biliary epithelium.

Primary sclerosing cholangitis is a chronic inflammatory disease of the biliary 
tree that leads to fibrosis of bile ducts; sometimes it is associated with bowel inflam-
matory diseases, especially ulcerative colitis [23]; CCA rates of 8–40% have been 
reported in patients with primary sclerosing cholangitis [22].

Intrahepatic biliary stones are more common in Asia as opposed to the West, 
and are associated particularly with intrahepatic CCA; about 1/10 of patients with 
hepatolithiasis develop CCA [24]; the pathophysiological mechanism is thought to 
be the bile stasis and the recurrent biliary infections and epithelial inflammation.

Several chemical agents have been associated with CCA: rubber industry expo-
sure to nitrosamines and dioxins which are considered risk factors [25]; thorotrast, 
a radiological contrast agent, seems to be an important risk factor as it has shown to 
increase the general population’s risk by 300 times [26].

Liver cirrhosis has been also linked with CCA, with a tenfold risk compared to the 
otherwise healthy population [27]; moreover, hepatitis B and C viruses were associ-
ated with CCA [28]; in a study of patients with cirrhosis with hepatitis C virus, there 
were 3.5% risk of developing CCA at 10 years, which was about 1000 times higher 
than the estimated incidence of this cancer in the general population [29].

In Asia, a well-known risk factor is parasitic infection with liver flukes of the 
genera Opisthorchis and Clonorchis [30]; the infection is contracted via eating un- or 
undercooked fish; inoculated worms lay their eggs in the biliary tree; these parasites 
induce a chronic inflammation that presumably leads to malignant transformation.

Other abnormalities of biliary tree anatomy that are considered a risk factor 
include choledochal cysts and Caroli’s disease (a congenital condition associated 
with biliary and renal cysts) [31]; the malignant transformation mechanism is not 
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completely understood but seems to correlate to biliary stasis, pancreatic juice 
reflux causing activation of bile acids, and chronic inflammation [32].

Traditionally CCA are divided in intrahepatic CCA, arising from small biliary 
ductules present in liver parenchyma and extrahepatic CCA; the latter can be further 
divided according to their location along the biliary tree. It is possible to identify 
perihilar CCA (also called Klatskin tumors) that arise near/at the biliary confluence 
of the main left and right hepatic ducts and distal CCA originating from the com-
mon bile duct although they are mostly periampullary tumors; generally, perihilar 
CCA represents 50% of the total, distal CCA 40%, and intrahepatic CCA about 
10% of the total [33]. Perihilar CCA has been further classified following the 
Bismuth-Corlette classification: type I, tumors below the confluence of the left and 
right hepatic ducts; type II, reaching the confluence but not involving left or right 
hepatic ducts; type III, occluding the common hepatic duct and either the right (IIIa) 
or the left (IIIb) hepatic duct; and type IV, multicentric or involving both right and 
left hepatic ducts (Fig. 21.1) [34].

Most of CCA (more than 90%) are well- or moderate-differentiated adenocarci-
nomas. Other carcinomas which is possible to find in the biliary tree are intestinal- 
type adenocarcinomas; signet cell carcinomas, with intracellular mucin, mucinous 
adenocarcinomas, adenosquamous carcinomas, clear-cell carcinoma (with similar 
morphology to renal cell carcinoma), and sarcomatoid/undifferentiated. 

Fig. 21.1 Bismuth-Corlette classification of biliary tract cancers
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Adenocarcinomas are divided in other subgroups: sclerosing (or periductal), nodu-
lar (mass-forming), mixed type (sclerosing and mass-forming), or polypoid 
(intraductal).

21.3.2  Diagnosis

Clinical diagnosis of CCA has to be distinguished from extrahepatic CCA and intra-
hepatic type. Extrahepatic CCA typically cause obstruction of biliary system; 
symptoms include jaundice, pruritus, pale stools, and dark urine; some patients can 
present abdominal pain (typically in right-upper quadrant), weight loss, and fever; 
sometimes it’s possible to observe fatigue, night sweats, and malaise [35]. 
Intrahepatic CCA gives less frequently jaundice; more probably patients will pres-
ent with right-upper quadrant pain, weight loss, and elevated alkaline phosphatase; 
sometimes instead intrahepatic CCA is diagnosed incidentally in the course of clini-
cal investigations for other disease.

Blood tests are organized to assess liver function and tumor markers; CEA and 
CA19.9 can be considered for baseline assessment, bearing in mind that CA 19.9 is 
elevated in the presence of jaundice [36], and AFP can be utilized to distinguish 
CCA from hepatocellular carcinoma. After abdominal US, CT, and/or MRI is used 
to assess tumor stage and resectability (Fig. 21.2), the goal of such cross-sectional 

Fig. 21.2 CT and MRI imaging of intrahepatic (S8) CCA
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imaging is to assess tumor dimensions, the relationship with vascular structures, 
lymph node involvement and the presence of metastases in the liver or other sites. 
Endoscopic ultrasound is also useful especially in distal CCA, and it allows endo-
scopic biopsy as well as the assessment of small lesions, which are not always 
directly visualized with radiographic imaging, and sometimes it is only possible to 
detect biliary tree dilatation [37]. Magnetic resonance cholangiopancreatography 
(MRCP) is an imaging modality useful in the preoperative assessment of CCA [38, 
39] employed for its non-invasiveness and for the superiority of diagnostic accuracy 
when compared to endoscopic retrograde cholangiopancreatography (ERCP) and 
percutaneous transhepatic cholangiography (PTC) [40]. Direct cholangiography 
(ERCP and PTC) should be reserved for those patients considered for palliative 
strategies and also be used to collect brush cytology for pathologic evaluation. PET 
is equivocal to CT and MRI for the diagnosis of CCA but is superior in differentiat-
ing benign and malignant strictures [41], as well as being most accurate in terms of 
tumor staging and localization of metastases, resulting in management changes up 
to 17–30% [42].

21.3.3  Surgical Management

The first step in approaching elderly patients with CCA is to perform an accurate 
global evaluation, with the goal of assessing not only disease extent but also respira-
tory function, cardiac risk factors, and renal function as radical resection with histo-
logically negative margins (R0 resection) remains the only potential cure for CCA, 
particularly in the elderly [43]. Unfortunately, even in patients undergoing radical 
resection, there remains a certain proportion of patients with as always a large part 
of resections with histology results demonstrating micro- or macroscopic positive 
margins which affects prognosis along with lymph node status, perineural invasion, 
TNM stage, microvascular invasion, and tumor grading [44]. Contraindications to 
resection include multifocal bilateral disease, the presence of distant metastases and 
comorbidities that increase perioperative risk [45], as well as encasement of the 
contralateral portal vein or hepatic artery, underlying liver parenchymal disease or 
insufficient future liver remnant (FLR 20–30%) and no or poor response to portal 
vein occlusion [46]. Liver transplant for CCA continues to be debated: several 
authors describe it as a potential therapeutic option, mainly for patients with unre-
sectable perihilar CCA undergoing neoadjuvant chemoradiotherapy. In contrast to 
those patients with intrahepatic CCA, transplant should only be offered under the 
auspices of clinical studies, particularly in those patients with cirrhosis and/or pri-
mary sclerosing cholangitis [47, 48]; however, until survival for such cancers can be 
improved, perhaps in some subgroups of elderly liver transplant recipients, suitabil-
ity for transplant should be seriously questioned [49].

21.3.3.1  Intrahepatic Cholangiocarcinoma
Radical surgical resection is the only potential strategy with curative intent in 
patients with intrahepatic CCA (Fig.  21.3); however, most patients with CCA, 
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particularly if elderly, are unfit for surgery at the time of presentation due to the 
presence of advanced disease or poor global clinical condition. Staging laparoscopy 
is useful to avoid unnecessary laparotomy, allowing the diagnosis of previously 
unrecognized peritoneal and liver metastases in one third of patients [50]. Life 
expectancy is influenced most strongly by margin-negative resection [51], the 
requirement for which often mandates the performance of major or extended liver 
resection; however, wedge and segmental resection remains possible if oncologi-
cally safe. Depending on tumor characteristics, any subsequent resection may 
involve the biliary tree, vena cava, or diaphragm, but the extent of resection must 
take in to account the patient’s age and general clinical condition [52]. The role of 
routine lymphadenectomy has been debated as evidence suggests that it does not 
affect survival [53]; however, since the presence of nodal metastases has been dem-
onstrated to affect prognosis, some authors continue to advocate regional lymphad-
enectomy for accurate classification and risk stratification [15, 54]. Recent literature 
shows that surgery for intrahepatic CCA should not be refused to elderly patients; 
indeed, even if the older patient has a higher perioperative morbidity, long-term 
survival appears to be determined more by cancer characteristics than age [55]. In 
fact, in the last two decades, there has been an increase in liver resections for intra-
hepatic CCA, even in elderly patients and octogenarians, with significantly longer 
median survival for resected patients in all age groups [56].

21.3.3.2  Perihilar Cholangiocarcinoma
Perihilar CCA arises at the biliary confluence, above the insertion of the cystic duct. 
The majority of such patients require a major hepatic resection, sometimes involv-
ing vascular structures, thus underlining the high postoperative morbidity and mor-
tality seen with this disease which has been reported to be as high as 47.6 and 10% 
in some papers [57]. Upon consideration of resection or perihilar CCA, some cru-
cial anatomical issues, important in surgical strategy planning, must be borne in 
mind. The biliary confluence is located to the right side of the hepatoduodenal 

Fig. 21.3 Intraoperative 
view of intrahepatic (S8) 
CCA
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ligament; thus, the right hepatic artery and portal vein have a higher risk of neoplas-
tic involvement. The right hepatic artery and portal vein have a shorter extrahepatic 
course before branching into second-order ducts, whereas, segment I bile ducts are 
also often involved by tumor spread because they enter the main bile duct near the 
confluence. Moreover, the operating surgeon should always remember this region 
has a high anatomic variability (Fig. 21.4) [58]. The exact surgical resection to be 
undertaken depends upon the tumor’s anatomical location; however, major hepatic 
resection such as hepatectomy or trisectionectomy is usually extended to the cau-
date lobe, according to Brisbane terminology for liver resection [59] and always 
with the main goal of achieving negative margins (Fig. 21.5).

Biliary drainage, either endoscopic or percutaneous, positively affects the func-
tion and regeneration of the FLR, reducing the incidence of postoperative hepatic 
failure; however, cholangitis caused by drain position and enteric fluid contamina-
tion might, on the contralateral side, increase infectious complications and mortality 
[60]. In summary, even in light of the most recent available guidelines, there is 
consensus that preoperative drainage of the FLR should be undertaken even if it is 
anticipated to be of low volume, such as following extended hepatectomy [15, 61, 
62].

Portal vein embolization (PVE) is useful to prevent postoperative hepatic failure 
resulting in enlargement of the FLR in cases of major hepatectomy. Some authors 
also suggest that the use of PVE can result in patient previously described as inoper-
able due to low anticipated FLR becoming resectable [63] and recent review also 
demonstrates a benefit of PVE when the FLR is expected <40% [64].

A last issue to be mentioned is the association of vascular resection with hepatic 
resection for perihilar cholangiocarcinoma: portal vein resection, when performed 
with the aim of achieving a negative margin resection appears to improve survival 
rate [65]. Some authors advocate a “hilar en bloc resection” with a no-touch tech-
nique, avoiding surgical preparation of vascular structures, with combined liver, 
biliary, and vascular resection to improve survival after surgery for perihilar CCA 

Fig. 21.4 Surgical 
preparation for perihilar 
CCA: right and left 
hepatic arteries on the 
red tapes, hepatic duct 
on the yellow tap
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[66]. At present, there is less evidence available regarding the benefits of combined 
arterial resection for patients with arterial involvement.

Regional lymphadenectomy is recommended for accurate staging even if it does 
not appear to affect prognosis, with a recent review suggesting that a lymph node 
count greater than or equal to seven is adequate for prognostic staging [67].

With regard to minimally invasive surgery, there are very few articles about lapa-
roscopic or robotic procedures, demonstrating that these techniques are feasible but 
should be reserved for selected cases [68, 69].

Recent literature seems to demonstrate that such surgery is feasible in elderly 
people too; although geriatric patients have several comorbidities and less physio-
logical reserve, an accurate preoperative selection aids in identification of patients 
that will benefit most from surgery, with similar outcomes to younger patients [70].

21.3.3.3  Distal Cholangiocarcinoma
Pancreatoduodenectomy is the first choice for most distal bile duct cancers; 
whereas, a more limited resection is only possible in selected mid-bile duct 
cancers [71]. Pancreatoduodenectomy is a surgical procedure associated with 
high morbidity and mortality; however, recent studies show that it is not the 
patient’s age but the type of pathology that mainly determines the outcomes. 
However, some complications, particularly infectious sequelae, are found more 

Fig. 21.5 Surgical specimen 
of right hepatectomy for 
perihilar CCA
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commonly in the elderly [72]; thus, octogenarians too can undergo major surgi-
cal procedure with outcomes similar to younger patients, and patients should 
not be denied a potentially curative surgical option for distal bile duct or pancre-
atic head malignancy based on advanced age alone [73]. According to a recent 
paper investigating pancreatic cancer outcomes, most elderly adults undergoing 
pancreatoduodenectomy survive more than 1  year, whereas over one third of 
patients survive longer than 2 years. Such individuals benefit from an aggressive 
procedure and are likely to have acceptable long-term morbidity and overall 
good quality of life, representative of their age [74].

21.3.4  Treatment of Unresectable Disease

Previously, the majority of patients are unresectable at diagnosis, due to 
advanced disease or poor performance status, particularly in the elderly; how-
ever, palliation of pain and obstructive symptoms remains as important issues in 
the management of such patients. CCA palliation is particularly crucial in those 
cancers arising from the biliary confluence where it aids in the resolution of 
impaired liver function and permits progression to treatment modalities such as 
chemotherapy.

The main strategy available for the treatment of jaundice is the insertion of bili-
ary stents, via either an endoscopic or percutaneous route.

Bare self-expandable metallic stents (SEMS) are widely used in the treatment of 
unresectable biliary neoplasms; they have a larger caliber than plastic stents, and 
they have a tendency to embed into the bile duct (for this reason, they are not indi-
cated in patients scheduled for surgery), reducing the risk of migrations. However, 
the main problem associated with their use is the fact that neoplastic tissue can grow 
through the mesh usually within approximately 6 months, mandating the placement 
of a new stent.

Covered biliary stents are coated by a thin membrane of silicone (most com-
mon), polyurethane or PTFE, reducing the risk of the cancer growing through the 
wall of the stent; however, there is the risk of stent migration.

Endobiliary radio-frequency (RF) ablation utilizes radio frequency directly 
inside the bile duct, causing coagulative necrosis of malignant tissue. RF probes 
may be introduced with a percutaneous approach or endoscopic approach. Main 
complications include the disseminating of the RF energy into nearby structures, 
causing vascular or gastrointestinal wall lesions or thermal injury (e.g., skin burning 
at the grounding pad site) [75].

Photodynamic therapy is an alternate palliative strategy and is a local ablative 
method that uses a systemic photosensitizing agent that accumulates preferentially 
in malignant cells and is subsequently activated by a nonthermal light leading to 
tumor cells death through a process mediated by oxygen-free radicals. This proce-
dure requires general anesthesia and involves intravenous infusion of agents, usu-
ally hematoporphyrin-derivate, followed by laser light directly to the tumor via 
endoscopic or percutaneous access [76].
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 Conclusions

In the last few decades, significant progress has been made in the surgical man-
agement of biliary tract cancer, and more articles have been published regarding 
strategies more relevant to the elderly patient. Robust diagnostic work-up is 
essential to reduce inappropriate or incomplete surgical procedures and to select 
those patients that will benefit from palliative treatments which continue to 
develop and evolve.

Wide resection margins are often required, together with locoregional lymph-
adenectomy, a strategy that is feasible in patients with good performance status. 
However, increasing evidence now shows that such a strategy is feasible in 
elderly patients too, without significant comorbidities with outcomes compara-
ble to those of younger patients.

The delivery of such surgery requires dedicated technology and specific skills; 
therefore, it is important that the patient is referred to and managed in a tertiary 
hepatopancreatobiliary center where experienced multidisciplinary staff, includ-
ing surgical, radiation and medical oncology, and interventional radiology, have 
high- volume experience in the management of such type of disease. Furthermore, 
patients can present in an idiosyncratic fashion, and it is important to individual-
ize the specific type of treatment, taking into account family and social context 
of the patients themselves.
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22.1  Introduction

The pancreatic parenchyma as well known is prone to a progressive atrophy during 
the time, being reduced to less than its original weight overcoming 80 years of age 
[1]. Also a progressive increase of Wirsung’s duct over 8°years is to be observed [2]. 
So that in aged pancreas, a Wirsung’s width till 1 cm can be occasionally observed 
without any evidence of obstruction; also calcification of splenic and mesenteric 
vessels can be registered without pathologic significance; even a progressive peril-
obular fibrosis is very often present in the elderly [3]. Not only the exocrine function 
but even the endocrine one was found to be progressively deteriorated with age; 
clinical significance of both remains not clear [4].

Anyway pancreatitis in the elderly represents a well-defined spectrum of dis-
eases that we could first divide, relating to clinical evolution in acute pancreatitis 
and chronic pancreatitis. Those diseases represent completely different clinical con-
ditions with different implications, early and long-term complications, and there-
fore must be separately considered.

If acute pancreatitis in the elderly can present a dramatic clinical evolution, with 
complications, requiring sometimes a multidisciplinary approach and sometimes 
also intensive care support, chronic pancreatitis shows usually an indolent clinical 
evolution starting often when patients are young and showing “effects” in the 
elderly.
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22.2  Acute Pancreatitis

22.2.1  Etiology

The main cause of acute pancreatitis also in the elderly is the cholelithiasis amount-
ing for round 60% of cases. In 20–25% of cases, a history of alcoholic abuses can 
be found in the anamnestic data of those patients [5] even in combination white 
smoke [6]. While other causes like medicament adverse reaction, neoplastic dis-
ease, trauma, and infections account for 5–10% of acute pancreatitis, it remains 
unclear the cause of about 10–15% that are defined idiopathic [7]. It’s nowadays 
generally accepted that a big percentage of patients (round 70%) with an idiopathic 
acute pancreatitis is affected by microlithiasis in duodenal juice, and this aspect 
shows obviously also therapeutic implications [8]. The most important traumatic 
cause of traumatic pancreatitis seems to be surgical or endoscopic procedures in the 
elderly, instead of accident or violent trauma. Of course endoscopic procedures 
amount for the most important cause of pancreatitis even if most of them are not 
gaining clinical significance [9]. Diuretics, steroids, and tetracycline are those 
medicaments able to induce an acute pancreatitis generally; in the elderly the use of 
many different drugs for coexisting disease seems to be a rising problem for causing 
acute pancreatitis [10]. Etodolac, simvastatin, and isoniazid are medicaments more 
recently associated with acute pancreatitis induction; diffusion of this side effect in 
the elderly population is unknown.

A double binding exists between acute pancreatitis and pancreatic cancer, while 
round 10% of patients affected by pancreatic cancer are showing an acute pancreati-
tis, and on the other hand, in patients affected by pseudocyst as a consequence of 
acute pancreatitis rarely, a coexisting pancreatic cancer is to be observed (over 
60 years round 8%).

There are some other minor causes of pancreatitis that should be mentioned; 
infectious disease like tuberculosis and fungal infections can be rarely responsible 
in the elderly of pancreatitis so like hypecalcemia, hypertriglyceridemia, and peptic 
ulcer.

22.3  Clinical Aspects, Diagnosis, and Complications

In the elderly like for young patients, the main symptom related to an acute pancre-
atitis is the epigastric pain, with typical belt-like irradiation. In a cholelithiasis- 
induced pancreatitis, also a right upper quadrant pain can be referred. A discrepancy 
between the referred high grade of spontaneous abdominal pain and the clinical 
objectivity of the abdomen are typical clinical aspects of pancreatitis. A rare clinical 
sign of severe pancreatitis is the Cullen’s sign (periumbilical ecchymosis Fig. 22.1). 
In the elderly the clinical presentation can be attenuated, also because pancreatitis 
can often appear in patients in postoperatory recovery, under sedation or being intu-
bated. Therefore the clinical course can be not so evident in a consistent proportion 
of patients (till 40%). Even laboratory tests considering serum amylase and serum 
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lipase, and a threshold of 50 ng/mL for urinary trypsinogen-2, can fail to demon-
strate an acute pancreatitis in one every ten patients, delaying correct diagnosis and 
treatment [11]. Interestingly the mortality of pancreatitis is similar in young as in 
the elderly patients but in the young patients is more due to local complication like 
necrosis (Fig. 22.3) or pseudocysts (Fig. 22.2), while in the elderly, septic and sys-
temic complications are mainly responsible of death. In fact while in young patients, 
abscess, necrotizing pancreatitis, and pseudocyst are more frequent complications; 
in the elderly pulmonary or renal failure and gastrointestinal bleeding and septic 

Fig. 22.1 Cullen sign: 
periumbilical ecchymosis 
due to retroperitoneal 
hemorrhagic lateral 
abdominal extension till 
subcutaneous area of a 
necrotich hemorrhagic 
acute pancreatitis

Fig. 22.2 Giant pancreatic pseudocyst as a complication of massive acute pancreatitis; 3D recon-
struction (a). On MRI it shows as a transverse diameter of 17 cm (b)
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shock are the most important and frequent complications. The mortality rate in the 
elderly can gain 20%, while in the young remains round 5–6%. This correlates well 
with the fact that age is intended to be a worse prognosis factor already in Ranson’s 
criteria.

Diagnostic and evolution of acute pancreatitis out of labor tests is based on 
US and CT scan, even MRI is very useful to define retroperitoneal extension of 
disease, better identify choledocolitiasis or other coexistent diseases, and moni-
tor complications’ evolution. Ultrasound is usually intended to be the first-line 
imaging modality in the most part of first aid centers in order to confirm the 
diagnosis and/or to rule out other kind of acute abdomen. Unfortunately US 
examination considering the acute clinical settings shows a lot of limitations 
(Turkvatan 2015); therefore CT scan is very often the very first-line imaging 
technique to assess severity of involvement of peripancreatic structures and to 
check evolution of acute presentations. Rising interests in order to stage the 
severity of the disease were gained by magnetic resonance imaging. (It is espe-
cially useful for imaging of patients with iodine allergies, characterizing collec-
tions, and assessment of an abnormal or disconnected pancreatic duct.)

Not only age showed an influence on clinical evolution, but even the etiology is 
related to hospital stay. Idiopathic pancreatitis has shown a worse clinical evolution 
in front of biliary and alcohol-based pancreatitis; those patients are showing a lon-
ger hospital stay and a more severe clinical evolution [12].

One of most diffused complications of surgical interest is represented by pan-
creatic pseudocyst (Fig. 22.3). The risk of developing a pancreatic pseudocyst is 
in recent studies (estimated around 7%), most of them are symptomatic, and no 
specific studies are published for the elderly. Fluid collection becomes an emer-
gency when infected leading in the elderly to a high mortality risk (Tables 22.1 
and 22.2).

Fig. 22.3 Pancreatic 
head necrosis: 
intraoperative finding 
during a necrosectomy
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22.4  Therapy

The treatment of an acute pancreatitis doesn’t differ significantly from the same 
pathologic condition in the younger patients. Severe forms can require an intensive 
care setting. Out of clinical symptoms and evolution, CT scan and US scan are neces-
sary to check evolution of diseases even when paucisymptomatic. Acute pancreatitis 
shows a variability of clinical presentation grades, ranging from light symptomatic to 
acute violent painful variants in which severe and extended necrosis of the paren-
chyma induces even a peritoneal involvement and can cause severe complications. 
Therapeutic options are surgical and endoscopic, or interventional radiologic methods 
are reserved to severe and complicated forms. Of course a biliary stone-based pancre-
atitis can be approached with ERCP, instead of early treating those patients; MRI and 

Table 22.1 Severity score of acute pancreatitis (an overview)

Score (year) Factors Sensitivity Specificity
SOFA (1996/98) 
(sequential multiorgan 
failure assessment)

Arterial oxygen saturation, fraction of 
inspired oxygen, serum creatinine, total 
bilirubin, platelet count, itemized Glasgow 
Coma Scale score, mean arterial pressure, 
and use of vasopressors such as dopamine, 
dobutamine, adrenaline and noradrenaline

80% 79%

JSS (2009) (Japanese 
severity criteria for 
acute pancreatitis)

5 clinical items
10 blood test items
CT findings
SIRS signs
Age

90% 79.8%

BISAP score (2009) Blood urea nitrogen >25 mg/dl, impaired 
mental status, systemic inflammatory 
response syndrome (SIRS), age > 60 years, 
and pleural effusions

56% 91%

APACHE-II (1985) 
(Acute Physiology and 
Chronic Health 
Evaluation)

Age, Glasgow Coma score. Vital 
parameters, oxygenation, chemistry, 
hematology

90% 86.8%

Balthazar-CTSI (1990) 
(CT severity index)

Based on CT scan findings 66.7 67.1

Ranson (1974) Age, leucocitosis, glucose blood levels, 
LDH, SGOT, azotemy, Ca++ blood levels, 
hematocrite reduction, PO2,  basis lost, 
seizure of liquids

70–80% 44.3

Table 22.2 Complications after acute pancreatitis

Type of complications Mortality
Young Necrotizing pancreatitis, fluid collection, abscess, pseudocyst 3–4%
Elderly Pneumonitis (respiratory failure), renal failure, septic shock 5–10%
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perendoscopic US of the biliary tract can avoid unnecessary early endoscopic explora-
tion of biliary tract, due to the fact that most of the stones are passing spontaneously 
in the duodenum [13, 14]. Laparoscopic cholecystectomy is also in the elderly the 
necessary approach after reliefs of pancreatitis symptoms and laboratory signs in 
order to avoid recurrences; the mandatory delay of 4–5 weeks is able to reduce con-
versions to open cholecystectomy due to periportal inflammation making hard some-
times the identification of CBD (common bile duct) [15].

Fluids collection can be nowadays safely routinely drained by interventional 
radiology techniques [16] so that the high success rates of those methods are reduc-
ing surgical indications. Surgical exploration remains necessary in case of multi-
locular septic involvement and extended necrosis making surgical necrosectomy, 
abdominal cavity lavage and drainage, and sometimes laparotomy mandatory.

Also a conservative approach especially in the elderly can be in selected patients 
considered. The surgical exploration should be selectively considered also in the 
treatment of complications like pseudocyst. Although the transgastric drainage of 
pseudocyst becomes a standard of care, following some morphological features of 
pseudocyst is driving the surgeon in the choice of the kind of treatment. In fact the 
pseudocyst should be contiguous to gastric wall, not in an inferior position in order 
to avoid complications. MRI and transendoscopic US can clarify which kind of 
treatment should be adopted, underlying the importance of a multidisciplinary set-
ting in the management of pancreatic pseudocysts.

22.5  Chronic Pancreatitis

22.5.1  Etiology and Epidemiology

Chronic pancreatitis in the elderly can be caused by many different factors such as:

 – Alcohol abuses
 – Autoimmune disease
 – Pancreatic anatomical anomalies (pancreas divisum, etc.) [17]

There is also the idiopathic form that collects all other chronic pancreatitis in 
which an etiology cannot be identified.

Recent studies [18] have shown the role of autoimmune mechanism in the 
chronic pancreatitis classifying also this disease in two histological subgroups 
(types 1 and 2).

The autoimmune pancreatitis should also be mentioned correlated to high levels 
of IgG4-positive plasma cells infiltration of the pancreas and sensible to steroids 
treatment; this kind of acute pancreatitis was also associated to other clinical condi-
tions like sclerosing cholangitis (50%), hilar lymphadenopathy (30%), and salivary 
gland involvement (20%) [19]. The idiopathic form seems to show to peaks of inci-
dence: till 20 years and in the elderly after 65.
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22.6  Symptoms and Therapy

Chronic pain especially postprandial pain and slow evidence of jaundice coming in 
an indolent way are the first clinical signs and symptoms of a chronic pancreatitis. 
During the years it appears also some progressive symptoms of pancreatic insuffi-
ciency. Instead of pancreatitis in the young patients, in the elderly the clinical course 
is oligosymptomatic and pain is rarely present. Also signs of exocrine insufficiency 
are slowly clinically evident and in most cases don’t require a surgical approach. 
The clinical problem can be sometimes the differential diagnosis with pancreatic 
cancer due to gland atrophy and parenchymal changes to be differentiated from 
pancreatic cancer. Exocrine pancreas substitution and compensation of diabetes are 
therapeutical approach with medicaments. The surgical treatment of pain through 
Frey’s procedure [20] (resection of pancreatic head for decompression of the 
Wirsung’s duct) or Partington-Rochelle operation (longitudinal jejunum derivation 
of Wirsung’s duct) [21] that are together with the alcoholization of celiac plexus for 
the pain control, the most adopted surgical options in the young patients, for this 
disease is rarely indicated in the elderly. Nowadays endotherapy [22] is the main 
therapeutical approach for symptoms relief of chronic pancreatitis under US control 
endoscopic sphincterotomy, and Wirsung’s incannulation is able to obtain clinical 
resolution of pain. Even plastic ore metallic stent positioning is nowadays more 
adopted and diffused. Surgery in the elderly was quite completely replaced by endo-
scopic procedures [23].
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23.1  Introduction

Primary liver cancer represents approximately 4% of all new cancer diagnosed 
worldwide and is the third most common cause of cancer-related deaths among men 
and the sixth among women, respectively [1].

Hepatic tumors may derive from hepatocytes, bile duct epithelium, or mesenchy-
mal tissue or spread to the liver from primary tumors in remote or adjacent organs.

In adults, hepatic metastases are more common than primary malignant tumors 
of the liver, whereas in children, primary malignant tumors outnumber both metas-
tases and benign lesions. Except for cavernous hemangiomas, benign hepatic tumors 
are rare in all geographic regions and in all age groups. It is widely accepted that the 
risk of developing hepatocellular carcinoma (HCC) is age dependent [2]; hence, in 
Western countries, the diagnosis of HCC is more frequent in patients aged 70 or 
more, and being faced with elderly cirrhotic patients with HCC has become fre-
quent in clinical practice [2–4].

23.2  Primary Malignant Tumors

23.2.1  Hepatocellular Carcinoma

Hepatocellular carcinoma is the most common primary malignant tumor of the 
liver, accounting for 85–90% of all primary liver cancers. It is the fifth most com-
mon cancer in men and the eighth most common in women, ranking fourth in annual 
cancer mortality rates [5]. The global age distribution of HCC varies by region, 
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incidence rate, gender, and etiology. In Western low-risk populations, men are gen-
erally more susceptible to HCC, and the highest rates occur among persons aged 75 
and older [6, 7].

The mechanisms of HCC pathogenesis are complex and usually involve liver 
injury followed by inflammation, necrosis, and hepatocytes proliferation. The per-
petuation of this destructive- regenerative process results in the development of liver 
cirrhosis, which is characterized by regenerating nodules that progress to dysplastic 
nodules and ultimately to HCC [8]. Indeed, cirrhosis is present in about 80–90% of 
patients with HCC being, therefore, the most frequent risk factor. Other risk factors 
are hepatitis B virus (HBV) and hepatitis C virus (HCV) infections, aflatoxin, alco-
hol intake, obesity, and diabetes.

Worldwide, around 400 million people are estimated to be chronically infected 
by HBV [9]. The HBV appears to be directly and indirectly carcinogenic, and HCC 
develops in as many as 25% of them [10].

HBV continues to be the major HCC risk factor worldwide, being the main lead-
ing factor to date compared to HCV, although its importance is expected to decrease 
during the coming decades due to the widespread diffusion of HBV vaccination in 
the newborns [5]. Approximately 170 million people in the world are chronically 
infected with HCV and are at increased risk of HCC development.

In Japan, Italy, and Spain, HCV is the cause of about 75% of HCCs, and, in other 
industrialized countries, chronic HCV infection, often in combination with alcohol 
abuse, is emerging as a major cause of this tumor. Patients with HCV-induced HCC 
are generally older than those with HBV-related tumors, and HCV infection was 
usually acquired in adult life [11].

Together, HBV and/or HCV chronic infections account for 80–90% of all HCC 
worldwide [12]. The variable age-specific patterns in different countries are related 
to differences in the dominant hepatitis virus in the population, the age at viral 
infection ,and the existence of other risk factors. According to EASL recommenda-
tions, in patients with chronic hepatitis, antiviral therapies leading to maintained 
HBV suppression in chronic hepatitis B and to sustained viral response in hepatitis 
C are recommended, since they have been shown to prevent progression to cirrhosis 
and hence HCC development [10].

Heavy alcohol intake, defined as ingestion of >50–70 g/day for prolonged peri-
ods, is a well-established risk factor for HCC, and there is also evidence of a syner-
gistic effect of heavy alcohol intake with HCV or HBV chronic infection [13].

Nonalcoholic fatty liver disease (NAFLD) and nonalcoholic steatohepatitis 
(NASH), often associated with metabolic syndrome, are other well-known risk fac-
tors for HCC.

The relationship between cigarette smoking and HCC has been widely examined 
in both low- and high-risk areas, and discordant findings have been reported [5].

Although the typical clinical features of HCC (including abdominal pain and 
weight loss in patients with cirrhosis) are not always present and difficult to be rec-
ognized in patients with liver cirrhosis, nowadays more patients are being diagnosed 
at an early tumor stage, when they have no specific symptoms or signs. This is prob-
ably the result of the surveillance programs adopted among patients with cirrhosis, 
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[10] consisting in a semiannual abdominal ultrasound (US) all at-risk populations 
(cirrhotic patients, Child-Pugh stage A and B; cirrhotic patients, Child-Pugh stage 
C awaiting liver transplantation; non-cirrhotic HBV carriers with active hepatitis or 
family history of HCC; non-cirrhotic patients with chronic hepatitis C and advanced 
liver fibrosis). Paraneoplastic manifestations are rarely associated with HCC and 
include hypoglycemia (type A and B), polycythemia, hypercalcemia, and pityriasis 
rotunda.

The diagnosis of HCC in cirrhotic patients is made according to the “recall pol-
icy,” which is based on the diameter of the nodule.

In cirrhotic patients, nodules <1 cm in diameter detected by ultrasound should be 
followed every 4 months in the first year and with regular checking every 6 months 
thereafter.

In cirrhotic patients, diagnosis of HCC for nodules of 1–2 cm in diameter should 
be based on imaging (computed tomography (CT) or magnetic resonance imaging) 
or biopsy-proven pathological confirmation.

In cirrhotic patients, nodules more than 2 cm in diameter can be diagnosed for 
HCC on one imaging technique or on the combination of CT scan and MRI tech-
niques and/or liver biopsy as needed.

HCC diagnosis is therefore based on imaging or pathology. However, in the 
elderly, this may raise some concerns, especially regarding the risks associated 
with liver biopsy [1] and to the presence of contraindications to second-level 
radiologic imaging, due to chronic kidney disease with reduced creatinine clear-
ance below 30 mL/min [14]. This is even truer in non-cirrhotic patients with HCC, 
because liver biopsy is recommended to ascertain the nature of the liver lesion 
independently of imaging behavior [15, 16]. Although great efforts of studies 
focused on molecular pathways and on the classification of HCC according to 
gene signatures or molecular abnormalities, they are not currently used for clini-
cal application [17, 18].

The BCLC staging system has been recently recommended for prognostic pre-
diction and treatment allocation of patients with HCC (Fig. 23.1) [19]. The severity 
of liver function impairment represents one of the most important prognostic param-
eters included in the BCLC algorithm, together with tumor stage and cancer-related 
symptoms. Based on these characteristics, in the BCLC system, patients are strati-
fied in five categories (0, A–D), each one corresponding to specific therapeutic 
approaches and the patients’ outcome.

Resection is the first-line treatment option for patients with a solitary tumor and 
very well-preserved liver function, defined as normal bilirubin with either hepatic 
venous pressure gradient ≤10  mmHg or platelet count ≥100,000. Perioperative 
mortality is expected to be 2–3% [20, 21]. Neoadjuvant or adjuvant therapies do not 
improve the outcome of patients treated with resection [22, 23].

Liver transplantation is considered to be the first-line treatment option for 
patients with single tumors less than 5 cm in size or with ≤3 nodules ≤3 cm in size 
(Milan criteria) who are not suitable for resection [24, 25]. A modest expansion of 
Milan criteria applying the “up-to-seven” criteria in patients without microvascular 
invasion undergoing liver transplantation seems also to achieve competitive 
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outcomes [26]. However, most of the liver transplant centers have settled a cutoff for 
the age of liver transplant candidates, which usually does not exceed 65 years.

Local ablation with radiofrequency or percutaneous ethanol injection is consid-
ered the standard of care for patients with BCLC 0–A tumors not suitable for sur-
gery. Studies reporting outcomes after radiofrequency ablation (RFA) in elderly 
patients showed that old age is not an independent predictor of reduced survival 
after RFA. However, the good safety profile of RFA is maintained in the elderly, and 
the rate of major complications was found to be similar in elderly and in younger 
cirrhotic patients [27–29].

Transarterial chemoembolization (TACE) is recommended for BCLC stage B 
patients, with multinodular asymptomatic tumors in the absence of vascular inva-
sion or extrahepatic spread. It is instead discouraged in patients with decompen-
sated liver disease, advanced liver dysfunction, macroscopic vascular invasion, or 
extrahepatic spread. There are only few studies addressing the use of TACE in the 
elderly, and its use in this setting is still debated. A prospective cohort study per-
formed on 102 patients with HCC who underwent TACE showed similar survival 
and safety profile irrespective of age [30, 31]. In a large retrospective study from 
Korea, the authors found that TACE was associated with even better results in 
elderly than in younger patients, with respect to median OS and disease-specific 
survival; moreover, there was no significant difference in terms of TACE-related 
mortality [32]. These data suggest that in the elderly, TACE is an effective therapeu-
tic option for HCC with a satisfactory safety profile.

Sorafenib is the only approved systemic therapy for HCC.  It is indicated for 
patients with well-preserved liver function (Child-Pugh A) and with advanced 
tumors (BCLC C) or those tumors progressing upon locoregional therapies. The 
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efficacy of sorafenib in elderly patients is supported by several studies, showing 
similar, or even a trend to longer, overall survival and time to progression in elderly 
patients compared with younger subjects [33, 34]. Overall, evidence collected to 
date shows that the efficacy and safety profile of sorafenib is not influenced by age. 
However, a stricter monitoring should be considered in the elderly because of the 
potential risk of developing and the reduced tolerability of adverse events.

23.2.2  Intrahepatic Cholangiocarcinoma

Intrahepatic cholangiocarcinoma (ICC) is a malignant tumor arising from the intra-
hepatic biliary tract. It is responsible for 10–20% of primary liver cancers world-
wide and is the second most common primary liver malignancy [35]. ICC can be 
classified anatomically as perihilar or peripheral [36].

The incidence of ICC varies worldwide, with the highest rates in northeast 
Thailand (>80 per 100,000 population) and lower rates in the Western world (0.3–
2.1 per 100,000 population) [37]. Hispanic females, American Indian/Alaskan 
Native, and Asian Pacific groups seem the most affected ethnic groups. Despite the 
significant geographical and ethnic variations, recent studies have reported a global 
increase in incidence of ICC over the last few decades [38] as well as an increasing 
mortality. Similar trends are observed in both sexes with an overall slight male pre-
dominance (M: F 1.2–1.5:1) [39].

Cholangiocarcinogenesis is a complex multistep process. It may occur in a 
healthy liver or in patients with underlying liver disease. Several risk factors for 
chronic inflammatory damage and increased cellular turnover have been estab-
lished, such as hepatobiliary flukes (Opisthorchis viverrini and Clonorchis sinensis, 
classified as group 1 carcinogens in WHO classification 2009), primary sclerosing 
cholangitis (PSC), cysts of the biliary tract, hepatolithiasis, and toxins [40]. 
Cirrhosis, chronic hepatitis B and C, obesity, diabetes, and alcoholic liver disease, 
although recognized as risk factors for HCC, are also emerging as warning condi-
tions for ICC. Mixed histotypes of hepatocellular-cholangiocarcinoma rather than 
the traditional adenocarcinoma can be also observed [41].

ICC early diagnosis is still a major clinical challenge, because patients with 
early-stage disease are often asymptomatic [42]. Weight loss, abdominal discom-
fort, biliary tract obstruction with jaundice, and hepatomegaly or palpable abdomi-
nal mass are usually observed at more advanced stages. The only potentially curative 
treatment option for patients who have resectable disease is surgery. Unfortunately, 
even the clinical outcomes of patients undergoing liver resection are disappointing, 
with a 5-year survival rate of 20–35% [43]. Furthermore, the role of adjuvant thera-
pies, including systemic chemotherapy and radiotherapy, remains poorly defined 
and of scarce effect.

Many studies have investigated the mechanisms involved in the carcinogenetic 
process in ICC at different levels of cell biology, from single gene mutations to 
protein aberrations. In this perspective, there are many candidates for targeted thera-
pies such as MET, EGFR and ERBB2, FGFR2, JAK/STAT, RAS/RAF/MAPK, and 
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PI3K/AKT/mTOR pathways and even IDH mutations, although no therapeutic 
approach has been currently introduced in clinical practice [44].

23.2.3  Hemangiosarcoma, Epithelioid Hemangioendothelioma, 
and Other Primary Malignant Tumors

Although rare, angiosarcoma is the most common malignant mesenchymal tumor of 
the liver [45]. It occurs almost exclusively in adults and is most prevalent in the sixth 
and seventh decades of life. Men are affected four times as often as women. The most 
common presenting symptom is upper abdominal pain. Other frequent complaints are 
abdominal swelling, rapidly progressing liver failure, malaise, weight loss, poor appe-
tite, and nausea [46]. The duration of symptoms generally ranges from 1 week to 
6 months, but a few patients have had symptoms for as long as 2 years before seeking 
medical attention. A rising serum bilirubin level and other evidence of progressive 
hepatic dysfunction may be present, especially in case of the later stages of the tumor.

Hepatic arteriography reveals a characteristic appearance. The hepatic arteries 
are displaced by the tumor, which shows a blush and “puddling” in the middle of the 
arterial phase that persist for many seconds, except in the central area, which may 
be hypovascular.

Hepatic angiosarcomas grow rapidly, and the prognosis is poor; death ensues 
within 6 months. Patients may have thrombocytopenia resulting from entrapment of 
platelets within the tumor (Kasabach-Merritt syndrome), disseminated intravascular 
coagulation with secondary fibrinolysis, or microangiopathic hemolytic anemia as a 
result of fragmentation of erythrocytes within the tumor circulation. Operative treat-
ment is usually precluded by the advanced stage of the tumor, while chemo- and 
radiotherapy showed poor results [47].

Epithelioid hemangioendothelioma is a rare tumor, described in females at all 
ages in adulthood [48]. No specific symptoms are usually referred, and imaging 
studies show a characteristically highly vascular mass, which may infiltrate through-
out the liver. Case reports indicate that the tumor can be visualized on PET. Correct 
diagnosis requires histologic examination of tissue obtained by biopsy. It is impor-
tant to distinguish this tumor with low-grade malignant potential from hemangio-
sarcoma, as a better prognosis can be reached, if treated appropriately and 
aggressively. The first treatment modality for epithelioid hemangioendothelioma is 
surgery, including resection or liver transplantation [49].

Other rare sarcomas arising in the liver include liposarcoma, lymphoma, and 
rhabdomyosarcoma.

23.3  Benign Tumors

Benign liver tumors are frequently found incidentally, as a consequence of the wide-
spread use of imaging tests, and often have a favorable course. Several types of 
benign liver tumors have been identified (Table  23.1); EASL guidelines [50] 
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provide a contemporary aid for the practical diagnosis and management of the more 
common ones: hemangiomas, focal nodular hyperplasia (FNH), and hepatocellular 
adenoma (HCA). In association with an unremarkable baseline history, physical 
examination, blood tests, and imaging are usually sufficient to establish a diagnosis 
of a benign liver tumor and informed decisions on patients’ management [50].

23.3.1  Hepatic Hemangiomas

Hepatic hemangiomas are the most common benign primary liver tumors, belong-
ing to the group of non-epithelial lesions. Hemangiomas are present in 0.4–20% of 
the general population and are typically discovered incidentally during evaluation 
for non-specific abdominal complaints, most frequently diagnosed in women 
between 30 and 50 years [51]. Lesions measuring 10 cm are called “giant heman-
giomas” and may be symptomatic, including pain and the Kasabach-Merritt syn-
drome [52].

Hemangiomas are most often asymptomatic as they are incidentally discovered 
and may change in size during long-term follow-up. There is no relationship 
between the size of hemangiomas and complications, while there is little relation-
ship between symptoms and characteristics of the lesion. When observed at abdom-
inal ultrasound (US), hemangiomas have a classic appearance as a homogeneous 
hypoechoic mass usually measuring less than 3  cm in diameter with acoustic 
enhancement and sharp margins [53]. Contrast enhancement (CE) study allows the 
definition of peripheral and globular enhancement of the lesion followed by a cen-
tral enhancement on delayed phases [53]. MRI is the key imaging modality for the 
diagnosis of these lesions [54].

Surgical management is still debated in terms of advantages even in large 
lesions or lesions with mild symptoms. Symptomatic or giant hemangiomas are 
not common, and surgical resection is rarely indicated, except in the presence of 
KMS [52].

Table 23.1 Histological 
classification of benign liver 
tumors, adapted from Coelho 
et al. indication and treatment 
of benign hepatic tumors

Epithelial origin Type of tumor
Hepatocyte Hepatocellular carcinoma

Multiple adenomatosis
Focal nodular hyperplasia
Nodular rigenerative hyperplasia

Bile cells Bile duct adenoma
Biliary hamartomas (von 
Meyenburg complex)

Non-epithelial origin Type of tumor
Mesenchymal Hemangioma

Angiomyolipoma
Lipoma, myelolipoma

Others Inflammatory pseudotumors
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23.3.2  Focal Nodular Hyperplasia (FNH)

Focal nodular hyperplasia is the second most frequent benign tumor of the liver. The 
average age at presentation ranges between 35 and 50 years [55]. In most cases, it is 
solitary and smaller than 5 cm. It is widely thought that this lesion arises as a prolif-
erative cell response to an aberrant dystrophic artery and may be associated with 
other conditions characterized by arterial damage [56].

On US, FNH is usually slightly hypo- or isoechoic and very rarely hyperechoic. 
Typically, Doppler US reveals central arteries with a spoke-wheel pattern.

MRI has the highest diagnostic performance for the diagnosis of FNH. CEUS 
achieves a high accuracy in FNH less than 3 cm.

Regardless of the specific imaging technique used, typical general findings are 
(1) homogeneity of the lesion except for the central scar, (2) slight difference from 
the adjacent liver on pre-contrast imaging, (3) strong and homogeneous enhance-
ment on the arterial phase with a central vascular supply, (4) the lesion becomes 
similar to the adjacent liver on portal and delayed phases, (5) the central scar can be 
best seen on MRI, and (6) a lack of capsule and often lobulated contours [57].

In the absence of symptoms and given the rarity of complications, a conservative 
approach is recommended. For a lesion typical for FNH, the follow-up is unneces-
sary unless in the presence of an underlying vascular disease [58].

23.3.3  Hepatocellular Adenoma (HCA)

Hepatocellular adenoma is approximately ten times less common than FNH and is 
typically diagnosed in women 30–40 years old. Several studies have supported the 
potential role of sex hormones in the development of HCA. In particular, the link 
between oral contraceptive pills and increased risk of HCA in women was strength-
ened by the demonstration of occasional tumor regression upon drug withdrawal. 
Notably, the incidence of HCA has increased in males due to the increased use of 
anabolic-androgen steroids in body builders and gym activities. The recent increase 
in the HCA prevalence has been also associated with obesity and metabolic 
syndrome.

A molecular classification of HCA has been proposed showing two main types, 
respectively, observed in women and men. Indeed, the course of HCA diagnosed in 
women is more often benign, the content of fat is increased, and the hallmark is the 
absence of expression in tumor hepatocytes of genes controlled by HNF-1a, among 
them, liver fatty acid binding protein (LFABP), which is in contrast highly expressed 
in non-tumor hepatocyte.

The second subtype “inflammatory HCA” is characterized by the activation of 
the JACK/STAT pathway, a molecular key present in several malignancies. “Beta- 
catenin- activated HCA” is another subtype, highly associated with risk of malignant 
transformation [59].

MRI is superior to all other imaging modalities in the diagnosis of HCA and is 
useful to distinguish the different subtypes. Biopsy should be considered within a 
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benign liver tumor to exclude malignancy. In the case of tissue availability obtained 
for diagnostic purpose, curative intervention is advised for the activated b-catenin- 
mutated HCA, irrespective of size [60].

Treatment decisions are usually based on gender, size, and patterns of progres-
sion. Upon HCA diagnosis, lifestyle changes such as weight loss and discontinua-
tion of contraceptives should be recommended. HCA resection is recommended 
irrespective of size in men and in any instance of proven beta-catenin mutation; in 
women, a period of 6  months observation after lifestyle change is advised, and 
resection is indicated in the case of nodules ≥5 cm and for those continuing to grow. 
In case of lesions <5 cm in women, a reassessment at 1 year and annual imaging 
thereafter are recommended. A sure indication for embolization and subsequent 
resection is a bleeding HCA with hemodynamic instability [61].
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24.1  Introduction

The elderly population has been increasing rapidly in Western countries because of 
improvements in public health, nutrition, prevention, early detection of diseases, 
and continued medical progress. In 2008, in the United States, the elderly numbered 
38.9 million or 12.8% of the population. They are projected to account for nearly 
20% of the population by the year 2030 [1]. By 2050, over 85-year-old people are 
projected to account for 24% of the elderly population and 5% of the population 
overall [1, 2]. In 2050, there will be nearly six times as many octogenarians as in 
2000 [3]. Moreover, in 2003, the average life expectancy of 75-year-old individuals 
in the United States was 11.8 years [4]. In 2004, the probability of survival for an 
80-year-old person in Germany was 7.9 years [5]. For other Western countries and 
Japan, the estimations are comparable.

The incidence of pancreatic cancer is strongly related to a mean age of 72 years at 
the time of diagnosis. Approximately 29% of patients with this disease are 75–84 years 
of age, and 13% are 85 years of age [6, 7]. Recent improvements in surgical tech-
niques and perioperative care in high-volume centers have allowed better results fol-
lowing pancreatic resection [8]. In fact, currently pancreatic surgeons are seeing more 
patients of 80 years or over with pancreatic cancer or periampullary neoplasms where 
they must make a decision as to whether to recommend a pancreatectomy. The deci-
sion to recommend a pancreatic resection for pancreatic cancer or other periampullary 
neoplasms in an elderly patient is complicated by the frailty of the patient, the strong 
surgical trauma, and the poor prognosis of the disease. The process of weighing up the 
risks and indications for surgical resection is made even more difficult by the lack of 
clinical data regarding major intra-abdominal surgery in the elderly.
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In fact, although there is a large series of very elderly patients undergoing cardio-
thoracic [9–11] and vascular [12] procedures, few studies have analyzed the out-
comes of very elderly patients following major intra-abdominal surgery.

Taking into consideration all the above factors and the likelihood that more very 
elderly people will present for surgery in the future, it is imperative to ask whether 
a pancreatic resection should be recommended for adenocarcinoma in patients of 
80 years or over, especially when the 5-year survival rate is 25–30% after an R0 
resection.

24.2  Clinicopathological Characteristics

The population of Western countries is aging, and because the incidence of cancer 
increases with age, the population of patients with cancer is growing. More than 
50% of all newly diagnosed patients with cancer are over 60 years of age, and more 
than one third are over the age of 70 [13]. By 2030, 70% of all malignancies and 
85% of all cancer-related deaths are expected to occur in individuals aged 65 years 
or over. Therefore, it is likely that older people will represent the prototypical cancer 
patient in the future [14]. Age is an important risk factor for the development of 
pancreatic cancer. Whereas the overall incidence rate of pancreatic cancer for all 
ages is 11.7%, the incidence rate among individuals older than 65 years is 66.4% 
and up to 91.1% for those over 80 years of age [15].

The association between aging and cancer is well established. Carcinogenesis is 
a time-consuming process with a final outcome (cancer) that is more likely to occur 
late in life. Older tissues are more vulnerable to environmental carcinogens. Changes 
in the environment of the body (such as chronic inflammation, immunosenescence) 
may favor the development of cancer [16, 17]. Furthermore, the immune system 
plays an important role in the progression of pancreatic cancer [18–20]. Very little 
data are available regarding pancreatic cancer in the elderly. Kamisawa et al. [21] 
compared the pathologic features of pancreatic cancer in older vs younger patients 
and found no differences in the grade, location, or incidence of the local spread, 
although elderly patients developed fewer hematogenous metastases. Other reports 
have indicated that older patients present more diploid tumors or p53 mutations, 
which are associated with a worse prognosis [22].

Several studies have shown that older cancer patients are often undertreated and 
have poorer outcomes compared with younger individuals [23, 24]. This may be due 
to the less aggressive treatment of elderly patients. Some studies focusing on pan-
creatic cancer have shown that nearly half of all elderly patients did not receive any 
treatment for locoregional pancreatic cancer. What’s more, only 11% received a 
multimodal therapy (surgery ± chemoradiotherapy) [25].

Despite the rapidly growing oncogeriatric population, older cancer patients are 
underrepresented in clinical trials [26]. Talarico et al. [27] analyzed the age-related 
enrollment of cancer patients in clinical trials and found that the proportion of the 
overall patient population aged ≥65, ≥70, and ≥75 years was 36%, 20%, and 9% in 
clinical trials compared with 60%, 46%, and 31% in the US cancer population, 
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respectively. This underrepresentation generates challenges because the results 
from clinical trials in younger patients cannot be extrapolated to the treatment of the 
elderly. The diverse effects of aging on organ function and the variety of potential 
comorbid diseases result in a heterogeneous elderly population. For example, phar-
macokinetic and pharmacodynamic differences between younger and older patients, 
and indeed among elderly patients themselves, could result in considerable vari-
ability in the efficacy and safety of cancer treatments. Pharmacodynamic changes 
may cause resistance to cytotoxic drugs in older individuals due to resistance to 
apoptosis and poorer oxygenation in these neoplasms [28, 29]. Specifically, in 
patients aged 75 or older with advanced pancreatic adenocarcinoma and who were 
treated with gemcitabine, the median survival time was approximately 6–8 weeks 
shorter than that in trial patients [30]. Another important question concerns the 
effects of toxicity on older people. While grade 2 adverse events are not important 
in younger people and, in fact, are often not reported, the same level of toxicity may 
result in a considerable deterioration of functionality in older patients.

Several studies have shown that older patients are less likely to be staged than 
younger patients [31, 32]. Among those who are staged, it appears that older patients 
present with earlier-stage disease. Despite this, older patients have a worse overall 
5-year survival compared to younger patients. This may be due to the less aggres-
sive treatment of elderly patients and also deaths due to comorbid conditions. 
However, no studies are available that adequately address this issue.

Kamisawa et  al. examined the pathologic features of pancreatic cancer in 89 
elderly patients (>70 years) and compared them to 184 younger patients [21]. With 
advancing age, proportionally more women were diagnosed. There were no differ-
ences in the grade or location (head/body/tail) of tumors in younger vs older patients, 
and there was no difference in the incidence of local spread. Elderly patients, how-
ever, did have fewer hematogenous metastases than younger patients.

In another study, it appeared that older patients had more diploid tumors, and 
younger patients had more aneuploid tumors (which may help explain the differ-
ence in hematogenous spread) [33].

24.3  Surgery for Pancreatic Cancer in the Elderly

Despite a tendency toward worse surgical outcomes in the elderly, surgical resection 
for pancreatic cancer remains the only treatment modality that offers a complete 
cure. Surgeons have been compelled to push the age boundary in the hope of curing 
patients of over 60 years of age. A PubMed search was performed using the key-
words “pancreatic cancer,” “elderly,” “resection,” and “pancreaticoduodenectomy.” 
All publications with original data of the surgical treatment of pancreatic cancer in 
the elderly within the last 15 years are included in Table 24.1.

Surgical resection is the only potentially curative treatment for pancreatic cancer. 
Unfortunately, only 15–20% of patients are candidates for pancreatectomy due to 
the late presentation of symptoms and/or detection of the disease [34–36]. 
Furthermore, the rate of resectability diminishes with age. Similarly, some authors 
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Table 24.1 Outcomes after pancreatic resection in the elderly patient

Study
Total 
No. Age Summary of findings

Median 
survival

Long-term 
survival

Bathe 
et al. [44]

70 75 No difference in 30-day 
mortality (8.5%), significant 
increase in morbidity in elderly 
(31 vs 63%). Measured 
endpoints for morbidity: gastric 
atony, pancreatic fistula, 
intra-abdominal abscess, biliary 
fistula, wound infection, line 
sepsis, urinary tract infection, 
gastrointestinal bleeding, 
bladder injury, pneumothorax, 
suppurative thrombophlebitis, 
pylephlebitis, chylous ascites, 
respiratory insufficiency, 
pneumonia, cardiovascular, 
multiple organ failure, 
hyperglycemia, pulmonary 
embolism, renal insufficiency, 
seizure, delirium, gout

24 months 
for patients 
less than 
75 years old 
and 
9 months in 
those over 
75

5-year 
survival: 
23% in 
patients less 
than 75 years 
old and 31% 
in those over 
75

Hodul 
et al. [42]

122 70 No difference in 30-day 
mortality (only one death in the 
younger cohort) or morbidity. 
Measured endpoints for 
morbidity: wound infection, 
abscess, anastomotic leak, 
cardiac, urinary tract infection

Not reported Not reported

Brozetti 
et al. [80]

166 70 Significant increase in 30-day 
mortality (4 vs 11%) and 
significant increase in morbidity 
(46 vs 49%) in the elderly. 
Measured endpoints for 
morbidity: pancreatic fistula, 
pancreatitis, biliary fistula, 
delayed gastric emptying, 
postoperative bleeding, sepsis, 
wound infection, urinary tract 
infection, pneumonia, cardiac, 
renal, or cerebrovascular disease

Not reported Not reported

Makary 
et al. [39]

2698 80/90 Significant increase in 30-day 
mortality and morbidity for 
patients aged 80–90 compared 
to those less than 80 but not 
significant for those greater 
than 90. Measured endpoints 
for morbidity: reoperation, 
small bowel obstruction, ulcer, 
delayed gastric emptying, 
pancreatic fistula, pancreatitis, 
cardiac, pneumonia, sepsis, 
intra-abdominal abscess, 
lymph leak, cholangitis, bile 
leak, wound infection

40 months 
for patients 
less than 
80 years old, 
19 months 
for patients 
80–90, and 
15 months 
for patients 
over 90

5-year 
survival: 
43.1% for 
patients less 
than 80 years 
old, 24.4% in 
those 80–90, 
and 0% in 
those over 90
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(continued)

Table 24.1 (continued)

Study
Total 
No. Age Summary of findings

Median 
survival

Long-term 
survival

Scurtu 
et al. [81]

70 75 No difference in 30-day 
mortality (0 vs 6.2%) or 
morbidity. Measured endpoints 
for morbidity: pancreatic 
fistula, delayed gastric 
emptying, bleeding, intestinal 
occlusion, intra-abdominal 
collection, abdominal wall 
sepsis, ulcer, biliary stenosis, 
sepsis, urinary infection, 
pneumopathy and pleural 
effusion, neurologic, 
pulmonary, diarrhea, 
thrombophlebitis

20 months 
for all 
patients

3-year 
survival: 
33.1% in 
patients less 
than 75 years 
old and 
27.7% in 
those over 
than 75

Finlayson 
et al. [41]

23,518 70/80 Significant increase in 30-day 
mortality with increased age 
for all groups (7 vs 9 vs 16%). 
Morbidity not reviewed

Not reported 5-year 
survival: 
16% in 
patients less 
than 80 years 
old, 11% in 
those over 80

Riall 
et al. [36]

3736 60/70/80 Significant increase in 30-day 
mortality with increased age 
for all groups (2 vs 6 vs 7 vs 
11%). Morbidity not reviewed

Not reported Not reported

Ito et al. 
[43]

98 75 No difference in 30-day 
mortality (0 vs 3.2%) or 
morbidity. Measured endpoints 
for morbidity: pancreatic 
fistula, delayed gastric 
emptying, liver abscess, wound 
infection, intra-abdominal 
bleeding, respiratory 
insufficiency, intra- abdominal 
collection, sepsis, bile leakage, 
or gastrointestinal bleeding

Not reported 3-year 
survival: 
65.9% for 
patients less 
than 75 years 
old and 
50.5% for 
those over 75

Oguro 
et al. [22]

561 80 Significant increase in 
morbidity and significant 
decrease in median survival. 
Measured endpoints for 
morbidity: pancreatic fistula, 
delayed gastric emptying, 
abscess, hemorrhage, 
pneumonia, ascites

65 months in 
patients less 
than 
80 years old 
and 
43 months in 
those over 
80

5-year 
survival: 
51% in 
patients less 
than 80 years 
old and 46% 
in those over 
80

24 Pancreatic Tumors



352

have reported that 40% of patients between the ages of 66 and 70 years are candi-
dates for a pancreatectomy, but by the age of 85 years, only 7% are eligible candi-
dates [37, 38].

Resection of the pancreas, either by pancreaticoduodenectomy (PD) (the Whipple 
procedure) or by total or partial pancreatectomy, is a complex surgical procedure 
with a high rate of morbidity and mortality.

Mortality rates after pancreatic surgery have dropped to less than 2–5% at expe-
rienced centers, but complication rates are high, reaching at least 30% in many 
centers [36]. Mortality also increases proportionally with age: 6.7% of patients aged 
65–69 years, 9.3% of patients aged 70–79 years, and 15.5% of patients aged 80 years 
or older. Moreover, hospitals with a low pancreatic surgery volume (<11 resections 
per year) have higher mortality rates than high-volume hospitals (7.3 vs 3.2%, 
P < 0.0001) [39, 40]. These differences were accentuated with each increasing age 
group.

The Hopkins study showed that 33% of patients older than 80 years presented 
delayed gastric emptying compared with 18.6% of the patients younger than 
80 years (P = 0.03) [41]. Other studies reported a similar trend in the occurrence of 
delayed gastric emptying but without statistical significance [42]. Ito et  al. [43] 
showed a higher incidence of pancreatic fistulas in the elderly, but the results were 
not significant (45.1% vs 29.9%, respectively, P = 0.14). In the study by Hodul et al. 
[42], the rate of neurologic complications was 9.4% in the older group and 0% in the 
younger group.

The length of hospital stays increased proportionally with age [36]. The number 
of patients requiring ongoing inpatient nursing care at the time of discharge 

Table 24.1 (continued)

Study
Total 
No. Age Summary of findings

Median 
survival

Long-term 
survival

Frakes 
et al. [23]

193 70 No difference in mortality or 
morbidity. Measured endpoints 
for morbidity: Pancreatic leak, 
gastrojejunostomy leak, atrial 
fibrillation, pulmonary 
embolus, abscess, wound 
infection, wound dehiscence, 
anastomotic bleed, stricture, 
pancreatic fistula, 
enterocutaneous fistula, 
peritonitis

23 months in 
patients less 
than 
70 years old, 
23.4 months 
in those 
70–75, 
16.1 months 
those 76–80, 
and 
18.7 months 
in those over 
80

5-year 
survival: 
26.7% in 
patients less 
than 70 years 
old, 23% in 
those 70–75, 
0% in those 
76–80, and 
15.4% in 
those over 80

Zhang 
et al. [24]

216 70 No difference in mortality or 
morbidity. Measured endpoints 
for morbidity: delayed gastric 
emptying, pancreatic fistula, 
abscess, pleural effusion, 
cardiac, pulmonary, 
neurologic, urinary infections

14 months in 
those less 
than 70 and 
20 months in 
those over 
70

5-year 
survival: 
14.8% in 
those less 
than 70 and 
21.6% in 
those over 70
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increased significantly with age. The proportion of patients who could not be dis-
charged home was 10.6%, 19.2%, and 36.7% for ages 65–69, 70–79, and 80 years 
or older, respectively (P < 0.0001) [41].

The Memorial Sloan Kettering group showed a significant difference in 5-year 
survival between patients aged 70  years or older (21%, median  =  18  mo) and 
<70 years (29%, median = 24 mo, P = 0.03) [44]. Finlayson et al. [41] evaluated the 
5-year survival of patients following surgery for pancreatic cancer and demonstrated 
a decrease from 16.4% in patients aged 65–69  years to 15.6% in patients aged 
70–79 years and 11.3% in patients aged 80 years or older, but this difference did not 
achieve statistical significance. Patients with more than two comorbidities undergo-
ing pancreatectomy for pancreatic cancer had a 5-year survival rate of 10% com-
pared with 14% in patients with fewer than two comorbidities (P = NS).

An accurate preanesthesia and cardiovascular risk assessment is needed to reduce 
the rates of morbidity and mortality in elderly patients undergoing pancreatic sur-
gery. The perioperative management should also be standardized. Patients should be 
routinely admitted to the intensive care unit (ICU) or to recovery for the first 48–72 h 
postsurgery. All patients should receive broad-spectrum antibiotics for 2–3 days and 
an H2 blocker during the entire postoperative hospital stay [45].

Interestingly, minimally invasive surgery is associated with a lower rate of car-
diorespiratory complications, diminished postoperative pain, shorter hospital stays, 
and a faster reincorporation into daily activities. Therefore, it is a very good option 
for elderly patients.

In summary, surgery is the only curative treatment in patients with pancreatic 
cancer. The benefits of surgery do not diminish with age, and therefore, elderly 
patients should not be denied the surgery a priori based on their age [46]. Although 
the elderly have a higher surgical mortality rate, this depends, among other factors, 
on the presence of comorbidities and the experience of the surgeon. Consequently, 
a proper preoperative assessment must be performed, as well as strict postoperative 
monitoring. Furthermore, this surgery must be conducted in a center with a high 
volume of pancreatic surgery patients. Under these conditions, surgical resection 
can be safely performed in older patients as well.

24.4  Locally Advanced Pancreatic Cancer in the Elderly

Locally advanced pancreatic cancer is defined as a tumor that encases a vascular 
structure, such as the superior mesenteric artery, celiac axis, or superior or mesen-
teric vein-portal confluence [47]. It represents approximately 20–25% of all newly 
diagnosed pancreatic cancers. In the strictest sense, in locally advanced pancreatic 
carcinoma, resection is not an option. In cases of locally non-resectable disease, 
the results of previous randomized trials indicated that concurrent external beam 
radiation therapy (EBRT) and 5-fluorouracil (5-FU) therapy resulted in signifi-
cantly improved survival compared with EBRT alone or chemotherapy alone [48]. 
Thus, for locally advanced pancreatic cancer, chemoradiation is the standard of 
care [49, 50].
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In elderly patients with locally advanced pancreatic adenocarcinoma, oncolo-
gists are hesitant to indicate chemoradiotherapy because of the associated poor 
prognosis and high risk of severe toxicities. In fact, in a retrospective cohort study 
in the United States conducted by Kryzanowska, only 21–27% of elderly patients 
with locally advanced pancreatic adenocarcinoma received chemoradiation ther-
apy [51].

In the elderly, the tolerability, efficacy, and long-term outcomes associated with 
chemoradiotherapy remain unclear. Morizane et al. [52] reported the efficacy and 
tolerability of chemoradiotherapy (fluorouracil infusion 200 mg/m2/day) plus con-
current radiotherapy (50.4 Gy in 28 fractions over 5.5 weeks) in older (>70 years) 
vs younger patients (<70  years) with locally advanced pancreatic cancer. The 
median survival time was longer in the older patients (11.3 vs 9.5 months), and there 
were no significant differences in the frequency of severe toxicity [52].

Similarly, Miyamoto et al. [53] analyzed a subset of elderly patients (median age 
of 78 years) receiving definitive chemoradiation therapy. The median overall sur-
vival time was 8.6 months, which is comparable to the survival time of younger 
historic controls. The authors also concluded that chemoradiation therapy in selected 
elderly patients with locally advanced pancreatic cancer can be considered an 
appropriate treatment and that further research is needed to reduce the high toxicity 
associated with this treatment approach [53].

Stereotactic body radiation therapy (SBRT) has been an important recent advance 
in RT for pancreatic cancer. Pioneered in the locally advance setting, much of the 
literature has shown that SBRT is well tolerated and effective, providing excellent 
local control and minimal toxicity [54]. Therefore, SBRT is a promising alternative 
modality as a definitive treatment for elderly patients with unresectable tumors. 
Several small studies have evaluated the efficacy and tolerability of SBRT in the 
locally advanced setting. Chang et al. [55] evaluated 77 patients with unresectable 
pancreatic adenocarcinoma who received 25 Gy in 1 fraction. In their study, the 
local free progression rates at 6 and 12 months were 91% and 84%, respectively, 
and the rate of grade >2 toxicity was 9% [56]. Another interesting recently reported 
study investigated 26 patients aged 80 years or over who were treated with SBRT 
(24 Gy in one fraction) alone or in conjunction with chemotherapy [57]. The median 
OS from SBRT was 7.6 months. More interestingly, there were no acute or late 
grade ≥3 toxicities, and the treatment was very effective for achieving symptom 
relief, particularly abdominal and back pain.

Chemotherapy alone without radiotherapy remains an option in the elderly sub-
group of patients. Recent phase III studies comparing chemoradiotherapy with che-
motherapy alone in patients with locally advanced non-resectable pancreatic cancer 
have shown that chemotherapy alone is more beneficial in terms of survival out-
comes and is better tolerated than combined chemoradiation therapy [58, 59].

With the development of more sophisticated imaging tools, a greater number of 
patients have been included in a new subgroup: borderline resectable pancreatic 
cancer [60]. Several criteria have been proposed to define this group. MDACC cri-
teria define borderline resectable pancreatic cancer following possible tumor-vessel 
relationships as follows: a tumor abutment of the superior mesenteric artery or 
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celiac axis measuring ≤180°, encasement of the hepatic artery amenable to resec-
tion and reconstruction, or short-segment reconstructable occlusion of the superior 
mesenteric vein, portal vein, or superior mesenteric-portal vein confluence [61].

In this scenario, neoadjuvant therapies have been proposed as an alternative 
option with the aim of downstaging tumors in order to improve microscopic resec-
tion rates [62]. This approach could be interesting for elderly patients with border-
line or resectable pancreatic cancer where the initiation of adjuvant chemotherapy 
is frequently delayed or is even discarded, due to surgical complications or comor-
bidities. Preoperative therapies also provide a time window in which patients who 
progress or develop distant metastases during treatment, or have a significant func-
tional impairment, can be identified to avoid unnecessary surgery [55]. Few studies 
have explored the role of neoadjuvant therapy in elderly patients. At the 2014 ASCO 
Gastrointestinal Cancer Symposium, Miura et al. [63] reported the outcomes associ-
ated with neoadjuvant therapy (chemotherapy or chemoradiotherapy) in older 
patients with resectable or borderline resectable pancreatic cancer. They showed 
that the older group (aged 75  years or older) compared with the younger group 
(aged below 75 years) had more hospitalizations during neoadjuvant therapy (50% 
vs 28%, respectively) and was also less likely to complete the therapy (72.4% vs 
89.5%, respectively). Among the patients who completed the therapy, there were no 
significant differences in complication rates or median overall survival between the 
two groups.

In conclusion, the neoadjuvant approach is an effective treatment option in 
elderly patients with borderline resectable pancreatic cancer and could be included 
in the treatment selection process for older patients who are not candidates for 
surgery.

24.5  Supportive and Palliative Care for Pancreatic Cancer 
in the Elderly

Pancreatic cancer is characterized by a high symptom burden at the time of diagno-
sis and a short survival expectancy because most patients present with incurable 
locally advanced or metastatic disease. Hence, palliative care plays a key role in the 
management of these patients.

The most common complications associated with pancreatic cancer are due to 
tumor growth and infiltration of adjacent structures (biliary obstruction, duodenal 
obstruction, pancreatic insufficiency, pain) and systemic phenomena (cachexia, 
thromboembolic events).

More than 75% of patients with pancreatic cancer experience pain due to pancre-
atic and celiac plexus infiltration [64]. In general, elderly patients with cancer pain 
are undertreated, and many of them underreport their pain [65]. Adequate treatment 
for pain is essential to avoid a decrease in quality of life, depression, and deteriora-
tion of performance status [66]. Pain should be treated according to the WHO anal-
gesic recommendations. Major opioids are effective in the elderly, but some 
precautions must be considered because these patients often receive multiple 
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medications [67]. Another treatment option that is available for pain control is a 
celiac plexus block [68]. This invasive technique achieves adequate pain control in 
70–90% of cases and significantly reduces the consumption of narcotics [69]. 
However, the duration of the analgesic effect does not exceed 2–3 months.

Biliary obstruction is observed in up to 70% of pancreatic cancer patients. Most 
of these patients are treated successfully with an endoscopically placed stent, with 
resolution of the obstruction in 90% of cases [70]. When a plastic stent was used, 
older age was found to be an unfavorable prognostic factor for stent patency [71]. 
Surgical biliary bypass is usually the last option for patients when stent placement 
is ineffective. Duodenal obstruction occurs in approximately 20% of patients, and 
metal stents and palliative surgery are feasible therapeutic approaches [72]. 
Therefore, elderly patients with a reasonable life expectancy should be offered these 
palliative procedures which may improve the patient’s quality of life.

Cachexia is closely related to pancreatic cancer. It is a multifactorial syndrome 
that is defined by an ongoing loss of skeletal muscle mass (with or without a loss of 
fat mass) that cannot be fully reversed via conventional nutritional support and leads 
to progressive functional impairments. Its physiopathology is characterized by a 
negative protein and energy balance that is driven by a variable combination of 
reduced food intake and abnormal metabolism [73]. There is currently no single or 
combined treatment strategy that has been shown to be successful in all patients 
[74]. Glucocorticoids and megestrol acetate are effective for improvement of 
cachexia in 30–50% of cases. Thus, the improved management of cancer cachexia 
may require a multimodal approach by a multidisciplinary team [75].

24.6  Other Pancreatic Tumors

24.6.1  Serous Cystic Tumor

Serous cystic tumors represent about 30% of cystic pancreatic tumors, more preva-
lent in the female population (65%) and with a mean age of 62 years (age range 
35–84 years). In more than 50% of cephalic-based cases, dimensions vary greatly 
from a few centimeters up to 20–25 cm (average 6–10 cm).

Serous cystic tumors are considered benign and with a very low tendency to 
malignant degeneration; thus, the therapeutic strategy is careful clinical monitoring 
especially of asymptomatic forms in cephalic sites.

During follow-up, if serous cystic tumors become symptomatic in elderly 
patients being a benign lesion [76], endoscopic biliary stenting or gastrojejunal 
bypass should be considered instead of surgical resection.

24.6.2  Mucinous Cystic Tumor

Mucinous cystic tumors account for 44–49% of pancreatic cystic neoplasms affect-
ing mainly females (>95%) with a greater incidence between the fifth and sixth 
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decade of life. Despite their being increasing adopted at the level of the pancreatic 
body tail (75%), cephalic localization is not uncommon (25%).

Given the focal lesions and ultimately malignancy (despite the negativity of a 
biopsy), the recommended therapy is a radical surgical resection in order to prevent 
disease progression to more malignant forms, metastasis, and recurrence. For muci-
nous cystic tumors seated in the cephalopancreatic region, the procedure of choice 
is pancreaticoduodenectomy, while for the body tail, it is a left pancreatectomy.

Cystadenomas, moderate dysplasia, and noninvasive cystadenocarcinomas 
treated with radical surgery have a prognosis as high as 100% in 10 years. It should 
be stressed that in the literature, there are cases of tumor recurrence and metastasis 
after complete resection even in mucinous cystic tumor without atypia. The situa-
tion for invasive cystoadenocarcinomas is quite different, where the prognosis is 
drastically reduced to 15–33% at 5 years [77].

24.6.3  Intraductal Papillary Mucinous Neoplasm

The IPMN represents 5% of all pancreatic tumors, 11.5% of cystic tumors, and 
16.3% of resected pancreatic cancer. They are most frequently localized in the ceph-
alopancreatic region (~70%), predominantly affecting males (65–70%) more than 
females (30–35%) in around the sixth to seventh decade of life. These tumors are 
characterized by cystic dilatation of Wirsung and/or its subbranches with the pres-
ence of mucin and hairy intraductal proliferations. Originating in the ductal epithe-
lium, in the context of the same lesion, they can simultaneously present different 
degrees of dysplasia, from simple adenoma to invasive carcinoma. Even though 
recent progress in imaging has allowed an increase in diagnosis, clinical features 
and borderline shape may vary in the benign form and in the malignant form, which 
are both noninvasive and invasive. Therefore, the most appropriate treatment is still 
subject to discussion. Being a slow-growing malignancy with a good prognosis, its 
management ranges from simple observation over time to surgical resection. 
However, distinguishing a benign form from a malignant form, based solely on 
preoperative imaging, is sometimes very difficult. In an advanced form of IPMN 
with infiltration of the pancreatic parenchyma, however, the prognosis is poor, and 
surgical resection of malignant IPMN is therefore crucial [78].

The IPMN can be divided into histological subtypes based on the degree of 
abnormality: adenoma, borderline, carcinoma in situ which are considered noninva-
sive forms and invasive carcinoma. It is estimated that approximately 25–48% of 
these tumors “hides” an invasive carcinoma. With regard to colorectal cancer, there 
are increasingly growing evidence and discussions which support the adenoma- 
carcinoma progression model for the intraductal papillary mucinous neoplasm, 
although the molecular mechanisms of this sequence have yet to be described. 
Today there is agreement on slow tumor progression, but neither the time required 
for neoplastic degeneration nor the slow tumor progression is known with any 
degree of precision. Some authors have calculated that it is on average 3–6 years, if 
all forms of noninvasive IPMN are potentially malignant. In relation to the extent of 
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involvement of the IPMN ductal system, it can be divided into three subtypes: 
IPMN main pancreatic duct type (main duct type), IPMN secondary branches type 
(branch type), and IPMN mixed type (mixed type). The classification is not merely 
of descriptive and morphological interest but also has important prognostic implica-
tions. In fact, the main pancreatic duct type and the secondary branches type have a 
significant difference of malignancy, oscillating, according to the authors, from 
57% to 92% and from 6% to 46%, respectively [79].

24.6.4  Main Pancreatic Duct Type

This is characterized by a partial or diffuse dilatation of the main pancreatic duct. 
The lumen may present large amounts of mucin, multiple polypoid lesions, and 
hairy papillary projection. It occurs mainly at the cephalopancreatic level and only 
occasionally in the tail. Intermittent obstructive episodes, but long-term Wirsung 
caused by papillary proliferations and precipitated mucin, may lead to chronic pan-
creatitis making the entire pancreas markedly fibrotic. The finding of a dilatation of 
the main pancreatic duct >1 cm and intraductal papillary nodules >1 cm in size is 
often poor prognostic signs as they indicate the presence of a malignant IPMN.

24.6.5  Side Branches Type

The side branches type involves one or more side branches of the main pancreatic duct 
which are dilated with solitary papillary formations or multiple plugs and intraluminal 
mucin. The presence of large papillae is indicative of an increased likelihood of the 
malignant nature of the lesion. The Wirsung is not dilated and contains papillae project-
ing into the lumen. However, it can make an occlusion of the lumen from which fol-
lows a chronic obstructive pancreatitis caused indirectly by the size of the tumor. This 
type of IPMN is less frequently associated to invasive cancer than the main pancreatic 
duct type, but no significant difference in prognosis has yet been demonstrated.

24.6.6  Mixed Type

The neoplasm involving both the Wirsung and its secondary branches can be con-
sidered as an advanced form of one of the two previous subtypes. In addition to the 
features found in the secondary branches type, in the mixed type, the main pancre-
atic duct presents with mucin plugs and buds in the lumen with different degrees of 
dysplasia. Therefore, if the Wirsung is only dilated as a result of mucin plugs but 
papillae are absent, it would be a mistake to include it in the mixed type.

 Conclusion

In summary, the increasing incidence of pancreatic cancer in the elderly, in con-
junction with the special features of this patient population and the poor 
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information available from clinical trials regarding the management of older 
patients, has resulted in challenges in treatment. However, age should not be the 
determining factor in decisions regarding the best approach. An integral 
evaluation of the patient in accordance with appropriate tools should be 
conducted. Some clinical trials targeting the elderly population are currently 
underway to gain a better understanding of this disease in older patients.
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25.1  Introduction

Over the last decades, there have been several doubts about age limits in surgery, but 
now we can finally assert that there are none. This statement can be considered as a 
dogma especially with regard to hernia surgery: any hernia in the inguino-femoral 
region cannot be operated on, because the patient is considered too old. On the other 
hand, how often must we perform controversial or dangerous procedures (e.g. how 
often are we requested to perform PEG in terminal patients, whose life expectancy 
is only about a few weeks), whereas an accurate and non-traumatic (we do not aim 
to minimise) hernia surgery can provide an elderly patient with a good quality of 
life? Some observational studies have proven that follow-up delays but seldom pre-
vents surgery [1, 2].

Based on this background knowledge, modern surgical techniques with mesh 
employment, anaesthesiology improvement, and the possibility to adjust drug 
administration to individual patients, as well as a positive attitude to a faster recover 
of everyday activities, allow achievement of similar outcomes with young adult 
patients.

We should bear in mind that, if a different approach from the above-mentioned 
one is adopted, a high operation incidence for complication persists, with a higher 
mortality and morbidity rate than in the elective surgery [3].
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25.2  Elderly and Groin Hernias

Approximately 700,000 groin hernia repairs are performed annually in the United 
States: more than 30% of these operations are carried on an outpatient basis in 
patients who are 75 years old or over [4]. The incidences of hernia are common in 
elderly patients, many of whom are unaware of their diagnosis and are not waiting 
for surgical care. Strangulation is the most important complication and the main 
cause of postoperative morbidity and mortality.

Literature reports that inguinal hernia prevalence is 1.7% in the general population, 
whereas in people over 45  years, it is 4%. Inguinal hernia has an incidence of 
200/10,000 patients in men over 75 years [5]. It is demonstrated that older patients 
with long-stay and non-reducible hernia have a high risk of complications, which is 
higher for femoral hernia. Asymptomatic patients have a high risk of developing pain 
which is the reason for surgery, as we can assume from previous observational studies 
[1, 2]. Truss use is never recommended as an ultimate treatment [5]. Elective surgery 
mortality is very low and is the same as in young adult. Moreover, it is higher in 
elderly patients who had had emergency surgery with ASA three or more. A Scottish 
study shows that mortality only relates to people older than 79 years old in emergency 
surgery (133 deaths out of 31, 525; 0.42%) [6]. Mortality was highest among femoral 
hernia operations in women (37 deaths/1184 operations; 3.1%); in the same study, it 
is recommended to perform elective surgery, not outside of normal working hours [6].

In the experience of the Geriatric Surgical Unit of Padua University, 12% of 
>75-year-old patients were affected by groin hernias vs 1.5% of the general popula-
tion. Elective surgery mortality rate was zero, whereas complicated hernia treated as 
emergency had 5% mortality rate (2/5 of over 90-year-old patients died after surgi-
cal complications for emergency hernia surgery, on average). Patients 80 years old 
or older were operated on in an emergency setting in 8% of the cases. In 57% of the 
cases, the pathological pattern was femoral hernia [7].

25.3  Pre-surgical Assessment

Pre-surgical assessment plays a key role in elderly patients. For general principles, 
please refer to another chapter of this book. Anaesthesiology assessment for hernia 
surgical repair in elderly patients does not differ from young patients. Blood tests and 
radiological examinations are the same for every age. We should bear in mind that 
elderly patients quite often are already taking complex pharmacological therapies. In 
this situation, antiplatelet and anticoagulant drugs play an important role. For this rea-
son, an accurate clinical history is needed, avoiding general information, and not mini-
mising important issues, especially with regard to the aforementioned therapies [8].

25.4  Local Anaesthesia

Every kind of anaesthesia can be performed in elderly people. Local anaesthesia 
plays a fundamental role in elderly patients thanks to its feasibility and efficacy. It 
is safe, and respiratory and thrombotic complications are minimised because of 
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immediate resumption of deambulation. Patients never suffer sore throat or acute 
urine retention, seldom nausea or vomiting. In the last few years, local anaesthesia 
has been associated with laryngeal mask airway ventilation technique. This is very 
useful, especially for those patients with low adaptation to surgical settings. Loco- 
regional techniques and general anaesthesia remain very important, especially in an 
urgent setting, when the chance of a laparotomy increases. Patients undergoing to 
surgical hernia repair are often obese, whereby these techniques can appear more 
indicated [9].

Regional anatomy and nerve distribution knowledge is crucial. First of all, an 
accurate infiltration of the skin and subcutaneous tissue is performed, and then a 
small dose of anaesthetic is injected under the aponeurosis of the external oblique 
muscle along the next incision line. So ilio-hypogastric and ilio-inguinal nerves are 
exposed, and about 0.5 mL of anaesthetic into the more proximal part is enough to 
obtain an adequate and durable analgesic control. Some millilitres injected near the 
pubic tubercle and along the inguinal ligament facilitate the isolation of the sper-
matic cord and then detection of the genital branch of genitofemoral nerve, which 
must also be infiltrated. At this point, the surgical times are common to all tech-
niques, and small injections of anaesthetic can be performed, if needed.

For the femoral hernias, there are no special devices, also due to the absence of 
important nerves in this site. An anaesthesia is practised to a plan, paying particular 
attention to the vessels and accurately infiltrating the hernia neck, because this rep-
resents the most sensitive spot.

Regarding the type of anaesthetic, one we find particularly useful is a rapid 
action anaesthetic on the surface (lidocaine) and a second one which has slightly 
slower but more prolonged action for deep injections (mepivacaine). The necessary 
dose varies widely from patient to patient, but it remains well clear of toxic quanti-
ties [10].

Because of the increasing number of hernia repairs performed in the outpatient 
setting, the use of a laparoscopic approach for hernia repair does not appear to pro-
vide any cost-saving benefits over existing conventional techniques [4].

25.5  Surgical Technique

Therefore, there is no difference when it comes to the surgical approach, between 
the elderly and the general population, concerning inguinal or femoral hernia. Thus, 
there is no surgical indication for direct apposition techniques, like Bassini tech-
nique (or its evolutions like Shouldice technique), except in some cases that we will 
discuss later.

In our experience, Bassini repair was applied until 1990 (in a lot of cases, 
Terranova’s modification was applied) [11]. From 1992, all repairs were performed 
using the technique, proposed by Lichtenstein in the 1980s, which quickly spread 
worldwide thanks to his colleagues [12]. Basically, this theory is developed on two 
principles: polypropylene mesh and “tension-free” repair. Moving on from this one, 
many more variants have followed, based on the different personal approaches and 
the micro-details of each procedure. Nevertheless, what really matters are the final 
results and the prevention of relapses. The operation can be normally performed 
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in  local anaesthesia: preventive manual reduction, if painful, must be avoided in 
order to prevent any patient reaction.

After the injection of local anaesthesia (as previously explained), the incision is 
placed along the line between the anterior superior iliac spine and the pubic tuber-
cle, extending 8–10 cm up. Opening the subcutaneous fat, the superficial epigastric 
vein is tied with laces (sometimes there could be two veins): electrocoagulation is 
not advisable due to the haemocoagulation problems previously mentioned.

Then the fascia of Scarpa is opened and the external oblique aponeurosis is 
released. Once the external inguinal ring is highlighted, the aponeurosis is incised 
to reveal the muscular side of the internal oblique muscle, the spermatic cord, and 
the ilio-hypogastric and the ilio-inguinal nerves. The spermatic cord and the ingui-
nal ligament are divided using an instrument with a bevel edge or a swab. The 
inguinal ligament is now separated from the free edge of the external oblique mus-
cle, sliding behind the pubic tubercle, and it is surrounded with a cotton band. The 
isolation from the other surrounding connections can be perfected with electroco-
agulation. The ilio-hypogastric and ilio-inguinal nerves must be isolated and safe-
guarded. Doing so, the space for the following reconstructive phase is completed. 
Cremaster muscle can be cut longways in two halves. While the medial flap is 
electro- coagulated, the lateral one is cut and sutured with two laces. The lace around 
the inferior flap has to be sufficiently long to be found again at the end of the opera-
tion. This procedure makes the genital branch of the genitofemoral nerve and funic-
ular vessels visible behind. Sometimes they must be sacrificed with laces in order to 
simplify the reconstructive time. This can cause annoying paraesthesia in the inner 
part of the thigh or in the region of women’s great labia; however, problems like 
these are going to be solved spontaneously. If there is a lipoma, it must be com-
pletely isolated and then resected with a transfixed stitch.

Now, it is possible to focus on the isolation of the hernia sac. Elderly people can 
have such large sacs that they can reach deeply the scrotum; in order to avoid bleed-
ing after the operation and, consequently, big hematomas, the sac must be carefully 
isolated from the vascular structures around, which could be numerous. On the left 
side, the colon could adhere to the sac: in this case, the hernia sac should not be 
opened, but just replaced. If the hernia sac is empty, both on the left and on the right 
side, it is advisable to infiltrate the neck with anaesthetic, to put a transfixed stitch, 
and then to resect it. Nevertheless, even if resecting the sac is not necessary, it must 
always be isolated backside from epigastric vessels and upside and on the medial 
side from the internal oblique muscle. Lastly, the sac can be replaced inside.

All the procedures described so far regard the treatment for the external oblique 
hernia, with or without slipping.

In the case of direct hernia, which is likely to be larger in elderly people, the 
isolation time can be easier than in the previously described one, but it must be done 
carefully. After sectioning the connections with the pubic tubercle and the external 
oblique muscle and seeing epigastric inferior vessels, the sac is ready to be 
invaginated.

Internal oblique hernias are less frequent: the treatment is the same as for the 
direct one, but it is not fundamental to visualise the epigastric vessels.
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We are not used to opening the transversalis fascia to look for a concomitant 
femoral hernia, because we believe that a proper palpation from above is sufficient 
to exclude its presence. In our experience the link between these two hernias is as 
rare as the discovery of a femoral hernia during the follow-up.

The surgical technique is the same for women. Isolating the sac of an external 
oblique or direct hernia is not so difficult. Sometimes it can be useful to resect the 
round ligament in the exact place where it passes through the internal inguinal ring: 
in this case, its proximal edge is fixed to the internal oblique muscle with a stitch.

As already mentioned, polypropylene meshes are used during the reconstructive 
phase. There are many prostheses available on the market. At present, we use a pre-
shaped model (Fig. 25.1). If necessary, a strip is fashioned from a propylene mesh 
15 × 15 cm. Even though this is not treated with chemical solutions, we protect the 
operating field, being sure to change our gloves before applying the mesh.

Before positioning it, a 2/0 polypropylene continuous suture closes the posterior 
wall of the inguinal canal: this passage makes it possible to replace a sliding or direct 
sac. In order to clearly see the posterior wall, the spermatic cord is retracted out of 
the operating field with two grippers. The suture starts from the pubic tubercle: care 
should be taken not to pass the needle through the periosteum, which causes annoy-
ing and long-lasting pains after the operation in this area. 2–3 mm are enough to 
prepare a valid and secure reinforcement. The suture stops at the internal inguinal 
ring, without entrapping the spermatic cord. The last step includes the proximal end 
of cremaster muscle to protect the lower edge of the spermatic cord itself.

Now the mesh can be placed. Firstly, the medial most corner of the mesh, previ-
ously trimmed, is fixed medially to the pubic tubercle (as previously explained). 
Finally, the same suture is used as a polypropylene continuous one to attach the 
lower border of the mesh with the inguinal ligament. Wrinkles must be avoided. 
Alternatively, interrupted stitches can be used as well. Once the internal inguinal 
ring is reached, the spermatic cord is placed between the two tails of the mesh. At 
this stage, the nerves must be correctly positioned. The suture is continued for two 
centimetres and completed. The two tails are overlapped and sutured together with 
a stich around the spermatic cord. The mesh should lay lax on the oblique muscle; 
an interrupted suture in the middle can be useful to softly fix the mesh to the muscle 
(Fig. 25.2).

Fig. 25.1 Preshaped mesh
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The reconstruction of the oblique external fascia is now possible with a continu-
ous resorbable suture: the suture includes the distal flap of the cremaster muscle. 
This can avoid the slipping down of the omolateral testis as the patient sits down.

The reconstruction is the same for women. If the round ligament has been tied, a 
knot-shaped mesh is used: it is fixed laterally at the inguinal ligament and laid down 
on the oblique with one or two stiches.

The subcutaneous tissue is rebuilt with continuous or interrupted suture, to oblit-
erate any dead space. The skin is sutured with interrupted stitches or metallic agra-
phes. Sometimes a continuous suture with a resorbable material is used; thus, it is 
not necessary to remove it.

Once the medication is done and vital parameters are checked, the patient goes 
to the waiting area and can walk to their bed: nowadays hygiene rules do not allow 
the patient to go out of the operating room on foot (this would surely be welcomed 
by both relatives and patients, as was commonly done in the past). The immediate 
postoperative period does not require particular attention: immediately after the 
patient can drink something warm and walk on their own feet. If the diuresis is 
checked and is normal, the patient can be dismissed. It is also mandatory to ensure 
the presence of someone able to take care of them.

The technical approach, described above, regards elective surgery. There are no 
contraindications for this approach in emergency cases as long as appropriate precau-
tions are adopted. In our experience, local anaesthesia was applied in 35% of cases. In 
65% of cases, general anaesthesia was required in order to perform laparotomy; in 
these cases, a bowel resection was performed, almost always for simultaneous intesti-
nal necrosis. Sometimes general anaesthesia is needed for vigorous resuscitation in 
very serious cases. As in emergency femoral hernia operations, in a limited number of 
cases, bowel resection was performed through the inguinal approach. In these cases, 
the original or modified Bassini technique was applied without prosthetic material.

25.6  Femoral Hernia Repair

Femoral hernia is relatively uncommon and represents 3–4% of all abdominal hernias 
[13]. However, it is very important as more than one-third occur in surgical emergen-
cies: strangulation is the most frequent one and results in increased morbidity and 

Fig. 25.2 Final aspect after 
mesh positioning
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mortality [14, 15]. Scheduled surgery is performed by classical Bassini operation or 
Lichtenstein plug repair. In our experience, Lichtenstein technique under local anaes-
thesia is the primary choice in elderly patients scheduled for operation.

Otherwise, we recommend Bassini repair in an emergency situation due to the 
high risk of postoperative infection under these circumstances. The technical 
aspects do not differ in elderly patients compared to young adults. Literature 
reports other techniques, e.g. Lockwood’s, Lotheissen’s, and McEvedy’s 
approaches, in emergency surgery [16]. In our experience a significant number of 
little bowel resections were performed widening the femoral orifice by means of 
the vertical inguinal ligament opening, so avoiding concomitant laparotomy. 
Results are very encouraging in terms of morbidity and rapid recovery, in the 
absence of postoperative mortality.

 Conclusions

Hernia repair in the elderly patient, also with an asymptomatic inguinal or femo-
ral hernia, may reduce serious morbidity and improve general health. Elderly 
patients with a short history of herniation should be referred urgently to hospital 
and receive priority on the waiting list, given that the cumulative probability of 
strangulation increases in the first 3 months after the onset of symptoms. Femoral 
hernias should be operated on with high priority to avoid incarceration. Elective 
surgery is safe, less traumatic, and well accepted by older patients, especially if 
local anaesthesia is preferred over general anaesthesia, and the procedure is per-
formed in an outpatient setting.
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26Incisional Hernias

Carmelo Militello and Franco Mazzalai

26.1  Introduction

Incisional hernia is one of the most frequent complications of laparotomy (and one 
that occurs not only to general surgeons but also to vascular surgeons, gynaecolo-
gists, and urologists), with a high variable average incidence between 2 and 50%, 
probably depending on the heterogeneity of the cohort of patients included and the 
follow up duration.

In fact, this complication occurs more frequently in the first 3 years after surgery, 
even though it is possible that it can occur after more than 10 years [1].

The elderly population (i.e. people over 70 years old as worldwide definition) is 
an increasing phenomenon everywhere, especially in industrialized countries; the 
frequency of many diseases increases with advanced age; and consequently the 
number of surgical interventions for this age group is also increasing.

Incisional hernias are burdened with morbidity and mortality, especially in 
patients requiring more than one corrective surgery.

Elderly people often suffer from medical comorbidities that can facilitate the 
onset of incisional hernia [2]:

 – Hypertension
 – Diabetes
 – Obesity
 – Chronic obstructive pulmonary disease
 – Use of steroids, smoking
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 – Coronary or vascular diseases
 – Renal disease requiring dialysis
 – Malnutrition
 – Immunosuppression
 – Connective tissue disorders

Constipation or ascites are conditions that increase abdominal pressure; suture 
technique (transverse versus midline incision, small bites versus large bites for clo-
sure, and slowly resorbable sutures such as PDS versus other resorbable stitches), 
emergency surgery, surgical site infections, and multiple laparotomy are other pos-
sible contributing factors [3, 4].

26.2  Surgical Approach

The Rives–Stoppa technique is the gold standard in the open treatment of incisional 
hernias, because it allows repairing both the anatomy and the aesthetic of the wall defect.

The main technical phases are the restoration of the deep fascial layer, retro mus-
cular and perifascial placement of prosthetic mesh, and finally the reconstruction of 
the wall defect.

The first step is to perform a skin incision with excision of the previous scar, 
isolating the hernia sac from the subcutaneous tissue reaching the rectus muscles 
fascia and freeing all around the wall defect. The hernia sac should not be opened, 
to avoid the risk of adhesion formation (except when the peritoneal cavity must be 
explored, e.g. in case of occlusion of suspected ischaemia).

Then the rectus muscle must be detached from its lateral margin, exposing the 
retro muscular and perifascial area, where the prosthesis will be placed, using a 
continuous suture to close the posterior rectus sheath. This ensures that a fascial 
layer separates the abdominal contents from the prosthesis (if the suture leads to 
excessive tension and there is residual defect in the closure, we can use part of 
resected hernia sac or a prosthesis in resorbable material to close it).

The prosthesis is then fixed by stitches to the abdominal wall over the prepared 
fascial plan (in the original description, stitches were transcutaneous), and the anterior 
fascial layer is sutured over the prosthesis to separate it from subcutaneous tissue.

One of the main problems of this procedure is the seroma, due to the inflamma-
tory reaction induced by the prosthesis itself (usually drains must be placed for the 
first day after surgery); there is lively ongoing research for materials causing less 
inflammatory reaction [5].

Many studies have demonstrated the feasibility of laparoscopy in the elderly [6, 
7], so this technique is expanding its application fields (with a decreasing number of 
laparotomies), and incisional hernias of the trocars sites are less frequent [8].

The advantages of laparoscopic repair of incisional hernias are multiple:

 – Allows the diagnosis of other, preoperatively unrecognized, defects
 – Decreases intraoperative risk of contamination, also because no viscera are 

manipulated
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 – Allows better cosmetic results, early mobilization and refeeding of the patient, 
and earlier discharge from hospital

After creating the pneumoperitoneum (pressure 10–12 mmHg), the trocars are 
positioned as laterally as possible and far from the hernia defect to have the best 
possible view of the operative site. Thereafter the adhesiolysis starts freeing the 
contents of the hernia sac (Fig. 26.1); this is certainly the most delicate phase, and 
sometimes it requires a long operative time, but it is essential to avoid bowel injury 
(or repair immediately if created).

We must measure the diameter of the hernia defect (also with transcutaneous 
introduction of fine needles), to ensure an overlap of 5 cm per side [9]. The prosthe-
sis (necessarily, with a surface ensuring the lowest bowel adhesions) is fixed to the 
abdominal wall by tacks (Fig. 26.2), which can have various forms (spirals, anchors) 
and be resorbable or not [10], creating a “double crown” around the defect, taking 

Fig. 26.1 Parietal 
defect at the end of the 
hernia contents 
removal

Fig. 26.2 Prosthesis 
fixation by tacks 
applicator to the 
abdominal wall
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care not to pierce the epigastric vessels. The more tacks that are used, the higher the 
risk of pain (nerves entrapment).

The minimum size defect allowing laparoscopy is 3 cm, while there is no agree-
ment on the maximum size.

Not every patient is eligible for laparoscopy: heart and severe pulmonary dis-
eases are anaesthetic contraindications, history of previous surgery with peritonitis 
or multiple interventions predicts a more difficult (if not impossibility) adequate 
adhesiolysis, and the giant size of the defect (over 20 cm) makes it difficult to cor-
rectly place the prosthesis, as well as the border incisional hernias [11, 12].

26.3  Prosthetic Mesh

The gold standard for the repair of incisional hernias is a technique that involves the 
placement of a prosthesis.

The materials can vary and differ a lot, also depending on the chosen laparotomy 
or laparoscopic technique. In case of intraperitoneal placement of the prosthesis, 
this must ensure the lowest possible adhesions risk.

The main materials used are:
Polypropylene: Minimal risk of bacterial infection, it can be shaped and it is 

stable in time. The polypropylene microstructure promotes the structural integration 
with tissues and cell regrowth within its fibres. The fundamental problem of poly-
propylene is the visceral adhesions.

Polypropylene combined: Polypropylene mesh can be associated with a bio- 
resorbable layer (polydioxanone—PDS) in contact with the bowel, one side coated 
with oxidized regenerated cellulose layer, which minimizes the formation of adhe-
sions and is completely resorbed within 4 weeks.

This prosthesis is suitable for intraperitoneal use.
ePTFE (polytetrafluoroethylene): One of the oldest prostheses was obtained by 

combining a PTFE layer with polypropylene, modified subsequently to reduce the 
thickness and increase the porosity to encourage the colonization of fibroblasts. 
This prosthesis can be used in contact with the bowel.

Another one combines two layers with different porosity (the inner layer has 
micropores that minimize adhesion formation; the outer layer has macropores that 
promote tissue incorporation). It is also suitable for intraperitoneal use.

In the last few years, the use of biological prostheses, derived from animal tissue 
and appropriately modified, has been increasing; also, this device can be used in 
contaminated fields. The costs are still high, though.

Many other materials are currently being studied: the main goal is to reduce 
seroma, bacterial colonization, and adhesion formation, promoting the colonization 
of fibroblasts for the incorporation of the prosthesis [13].
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26.4  Large Incisional Hernias

The width of the hernia is the most significant parameter to distinguish between 
easy to treat lesions and difficult or impossible ones [14]. This difference is even 
more evident in elderly patients.

Large incisional hernias (LIH) are those that are a 10 cm or larger in diameter at 
the rim, such as multiple incisional hernias [15]. In our experience their incidence 
was about 33% among 616 patients aged over 70 years.

Many advances in the treatment of this serious illness have been registered in the 
last 30 years.

They can be summarized as follows:

 (1) The first advance in care is related to a “better understanding of the pathophysi-
ological bases of the surgical treatment”.

The surgeon must understand that LIH takes into account pathological 
ground, loco-regional lesions of the wall, distant troubles of the respiratory 
mechanism, and other functions. Thus, it is impossible to treat only the mechan-
ical aspect of the LIH without considering the associated major disorders.

 (a) The “pathophysiological ground” of LIH is a sort of prerequisite compound. 
The patients often suffer from hypertension, diabetes, respiratory disease, 
and obesity [16]. Most of these systemic impairments, which are both etio-
logical and risk-increasing factors, are difficult to control and make the care-
ful preoperative management of the patient a mandatory step. In practice 
weight loss and general risks corrections are desired before patient selection 
for surgery occurs.

 (b) “Loco-regional abdominal wall impairments” concern muscles and tegu-
ments [17, 18].

Atrophy and sclero-adiposis are elementary lesions of the wall muscles respon-
sible for their poor functional ability in LIH. This is evidenced by histologi-
cal and electromyographic disorders, which are found in four out of five 
LIH. These lesions represent the factors inducing LIH enlargement caused 
by abdominal pressure and medial disinsertion of the fibres of the lateral belt 
muscles, which pass around the rectus abdominis to reach the midline. 
Muscular lesions depend on the LIH site. Since their peripheral extremities 
degenerate, lateral lesions are more severe once muscular fibres have been 
cut. In peripheral lesions with a chondrocostal, iliac, or pubis edge, fibres are 
destroyed and contractility cannot be preserved.

Trophic changes of the skin must be given particular attention. They culminate 
when a dystrophic ulceration appears at the top of the bulge (Fig.  26.3). 
Histologic findings confirm the trophic mechanism of the lesion by capillary 
thrombosis. Since the risk of infection of the ulcer is high, the surgeon must 
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treat the skin lesion before undertaking the hernia repair. Obesity often 
causes an apronlike cutaneous fold that is subjected to dermatosis; it must be 
treated and preferably resected at the time of repair.

 (c) Distant troubles related to LIH are the following:
Respiratory troubles: They are dangerous, mostly in obese patients and in 

patients suffering chronic respiratory diseases, as many aged patients do. 
The large defect and the visceral protrusion lead to a decrease in abdominal 
pressure, causing respiratory and regional disorders, which are likely to 
influence the general status of the patient [19]. The respiratory consequences 
of LIH require the attention of both the surgeon and the anaesthetist. We 
should distinguish between two types of LIH. In the first one the visceral 
contents are movable through the large defect, whereas in the second one the 
contents of the sac are fixed in place by adhesions and cannot reintegrate into 
the abdomen. In the first scenario, the reduction of the viscera exposes the 
patient to little postoperative respiratory risk. In the second LIH type, where 
the herniated organs have lost their right of domain in the abdomen, the 
respiratory danger occurs during the reduction of the herniated viscera, when 
the increase of abdominal pressure impedes normal diaphragmatic action. In 
such a case the operative repair may be very dangerous.

Other consequences of LIH affect diverse organs. The splanchnic venous sys-
tem and inferior vena cava are subjected to stasis caused by low abdominal 
pressure [20]. Hollow viscera are atonic and hypokinetic for the same rea-
son. LIH may cause lumbar lordosis due to inefficient muscular support of 
the rectus abdominal. All of these disorders have practical consequences, 
which must be evaluated by the anaesthetist and the surgeon while preparing 
the patient for the surgical trauma.

Fig. 26.3 Dystrophic 
ulceration at the top of the 
bulge of a giant hernia
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 (d) Finally, preoperative preparation and postoperative observation are as impor-
tant as the operation itself.

Indeed, the treatment of LIH must solve two distinct problems: (1) Closure of the 
defect and loss of the parietal substance (mechanical problem); (2) recovery of nor-
mal respiratory function by surgical reinsertion of the lateral muscular belt of the 
abdomen (pathophysiologic problem).

 1. Skin preparation includes decontamination and treatment of trophic ulcers and 
sinuses related to nonabsorbable sutures. Sometimes the operation should be 
delayed until 6 months after complete skin healing.

 2. General and respiratory preparation may be long and complex. In older patients, 
the association of weight loss, cardiac disorders, diabetes, and renal failure may 
be the most relevant complicating problem. In the case of “very large” incisional 
hernias, we used progressive preoperative pneumoperitoneum, which has an 
interesting triple action. It enlarges the abdominal cavity and decreases the likeli-
hood of respiratory distress due to the reduction of the contents of voluminous 
hernias, it facilitates the intraoperative dissection of intrasaccular and intra- 
abdominal adhesions, and it supports diaphragmatic functional rehabilitation 
producing a higher abdominal pressure [21].

Respiratory preparation is mandatory because of common pre-existing prob-
lems. It consists of respiratory physiotherapy, cough training, ceasing use of tobacco, 
and eventually postural drainage.

 (2) The second type of advances in the care of the LIH is that the “surgeon” under-
stands completely the goals of the difficult treatment and correctly uses the 
appropriate means for reaching them.
 (a) The first goal is, of course, closing the wall defect. A simple repair cannot be used 

to treat LIH, especially in the elder patients, for whom the control of the abdomi-
nal pressure represents the main issue. Prosthetic repairs are the major improve-
ment in the surgical technique of LIH repair, which were previously considered 
as inoperable. Abdominal pressure may be decreased enlarging the abdominal 
cavity. This can be achieved in two ways. In the first way, the defective perito-
neum is replaced by suturing to its margins a non-adhesive prosthesis in direct 
contact with the visccra. This is followed by a prosthetic Rives repair with a poly-
propylene mesh [22]. In the second way, an intra-peritoneal prosthetic repair can 
be obtained using a double-layered composite prosthesis in direct contact with the 
viscera. The two surgical ways to repair LIH offer advantages in the control of 
abdominal pressure and in the correct tailoring of the abdominal wall. The disad-
vantages are the complexity of the technique and the extended operating time.

A very interesting suggestion to simplify the technique is the use of a modi-
fied Bard Composix E/X mesh as proposed by Munegato e coll. [23] (Fig. 26.4). 
In this composite mesh two free different flaps were created. The upper one, 
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made in polypropylene, is placed in the retromuscular area according to Rives 
technique, while the lower one, made in ePTFE, is fixed to the peritoneum. This 
technique combines the advantages of Rives repair and endo-abdominal repair 
allowing enlargement of the abdominal cavity.
 (b) The second goal is the restoration of a correct abdominal pressure. We think that 

the Goni Moreno preoperative pneumoperitoneum is a valuable choice, mostly 
when the contents are irreducible [24, 25]. As previously described, the choice 
of a large and suitable prosthesis is the main way to restore the lateral muscle 
belts function and carefully reach a normal internal pressure. During the opera-
tion, it is very important to avoid an increase of abdominal pressure and a 
reduced respiratory compliance, which may cause postoperative respiratory 
complications, mainly in obese and elder patients. During surgery is mandatory 
to measure variations of respiratory mechanics in real time. Moreover, it may be 
useful to measure bladder pressure at the beginning and during the surgery, as 
this may be sufficient to evaluate variations in abdominal pressure [26].

 (c) A third important and conclusive consideration about the surgery of LIH is 
that the surgeons must know that contraindications of surgery do exist! Thus, 
patients with higher risk must be carefully prepared, and sometimes, if nec-
essary, the operation must be deferred or cancelled.
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27.1  Introduction

Soft tissue sarcomas (STSs) are a diverse group of malignant tumors that originate 
from mesenchymal tissue. 13,100 new cases of STS are diagnosed annually in the 
European Union and approximately 8500 annually in the USA [1].

Approximately one-half arise in the extremities, and one-third arise in the abdo-
men, pelvis, and retroperitoneum. They account for just 1% of all cancers, and 
despite presenting in a bimodal distribution, they are still considerably more com-
mon in the elderly (85%). There are more than 70 different subtypes of STS subcat-
egorized by their histological appearance, although overall the group remains 
relatively rare compared to their benign soft tissue tumor counterparts (100:1). The 
most common histologic subtypes in elderly people are liposarcomas, leiomyosar-
comas, and synovial sarcomas [2] (Tables 27.1 and 27.2).

STSs classically present as a slowly growing lump or swelling which may be 
painful. In rare cases a patient may complain of symptoms resulting from mass 
effect or local neurovascular invasion, especially in retroperitoneal locations. There 
is often a significant time delay between the initial presentation of many STSs in 
primary care and subsequent referral to an appropriate tertiary center, as symptoms 
or clinical presentation are underevaluated [3].

Ultrasonography (US), although characterized by a low accuracy, is often the 
first-line modality used to investigate soft tissue lesions due to its widespread avail-
ability and relatively low cost [4, 5]. Magnetic resonance imaging (MRI) is the 
preferred investigation; all potential STS cases should undergo an MRI prior to 
definitive management decisions, as it is able to characterize the tumor’s boundaries 
and surrounding inflammatory zone, and quantify any local soft tissue or 
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neurovascular infiltration. Computed tomography (CT) is less accurate and can be 
used when claustrophobia prohibits a patient’s willingness to undergo MRI or when 
this latter is contraindicated [6].

All forms of imaging should be considered an adjunct to a diagnostic biopsy, 
which is mandatory in most cases (and in any case of radiological features that are 
of concern) in order to grant a proper evaluation of a multidisciplinary team (MDT) 
or a tumor board prior to definitive treatment [5].

Several techniques can be used to biopsy soft tissue lesions including core needle 
biopsy (CNB), fine needle aspiration (FNA), and incisional (open) biopsy [6].

Regardless of biopsy technique, multiple (usually three or more) specimens 
should be taken, ideally from the periphery of the lesion to avoid any central necrotic 
tissue. An additional sample should also be taken for microbiological assessment to 
exclude infection. Compartmental barriers should not be breached unless absolutely 
unavoidable, and if curative resections are subsequently performed, biopsy tracts 
should be removed en bloc with the specimen [4, 6].

Surgery is the only potentially curative therapy in the management of STSs in 
elderly patients. The standard of care is the en bloc removal of the tumor with a cuff 
of healthy tissue all around, to avoid cell spillage from its surface (if no real capsule 
is present but a pseudocapsule of compressed cells) and allow removal of microim-
plants which may be present around the pseudocapsule itself [2]. The extent of 

Table 27.1 The National Cancer Institute grading for soft tissue sarcomas

Grade 1 Grade 2 Grade 3
Well-diff liposarcoma Pleomorphic liposarcoma Alveolar 

rhabdomyosarcoma
Myxoid liposarcoma Fibrosarcoma Soft tissue osteosarcoma
Dermatofibrosarcoma 
protuberans

Malignant fibrous 
histiocytoma

Primitive neuroectodermal 
tumor

Some leiomyosarcomas Malignant 
hemangiopericytoma

Alveolar soft part sarcoma

Epithelioid 
hemangioendothelioma

Synovial sarcoma Mesenchymal 
chondrosarcoma

Spindle cell 
hemangioendothelioma

Leiomyosarcoma >15% necrosis

Infantile fibrosarcoma Neurofibrosarcoma
Subcutaneous myxofibrosarcoma 0–15% necrosis

The grading and staging of soft tissue sarcomas. In: Fletcher C, editor. Pathology of soft tissue 
sarcomas. Edinburgh, Scotland: Churchill-Livingstone; (1990). pp. 221–238

Table 27.2 Frequent 
histotypes in retroperitoneal 
sarcomas in the elderly

DD liposarcoma 43%
WD liposarcoma 20%
Leiomyosarcoma 17%
Solitary fibrous tumor 6%
Pleomorphic sarcoma 6%
Other 8%

Smith HG, Thomas JM, Smith MJ et al. Multivisceral resection 
of retroperitoneal sarcomas in the elderly. Eur J Cancer. (2016) 
Dec; 69: 119–126
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resection (and the subsequent prognostic adequacy of margins) depends on a variety 
of factors, including histology and the presence of an intact biologic barrier (mus-
cular fascia, vascular adventitia, periosteum, or epineurium) [4, 5].

The elderly frail patient who undergoes surgery is more likely than a fit patient 
to experience postoperative complications, prolonged hospital stay, discharge to 
nursing homes or long-term care facilities, and high mortality rates. Extended sur-
gery may be challenging due to the high frequency of coexisting multiple or com-
plex medical problems and geriatric syndromes (such as dementia, falls, malnutrition, 
sensory impairments), impaired physiologic and functional reserves, and restric-
tions in personal and social resources [7]. For this reason, such patients deserve a 
personalized treatment after an accurate multidisciplinary evaluation by a surgical, 
medical, and radiation oncologist jointly with other specialists (plastic surgeon, 
orthopedist, physiotherapist, pathologist, palliative care specialist), in order to select 
the best therapeutic strategy in cases in which a decreased ability to tolerate proper 
treatments may result [8].

27.2  Surgical Principles for Primary  
Operable Elderly Patients

The main concern in sarcoma surgery in the elderly is to preserve function and qual-
ity of life and to personalize treatment according to histotype, rehabilitation atti-
tudes, and possibilities.

27.2.1  Extremities Sarcomas

STS of the extremities must represent a clinical dilemma in terms of function pres-
ervation in the elderly, as autonomy can be impaired and long rehabilitation tracks 
can be required. Age alone should not determine prosthetic rehabilitation: comor-
bidities and performance status are important determinants [8].

Surgical resection should be carefully planned based on preoperative imaging 
and patient’s characteristics; the goal must be function sparing while achieving 
appropriate oncologic margins. Postoperatively, early mobilization is crucial to 
avoid the deleterious effects of immobility in the older person.

Soft tissue limb sarcomas often invade or are adjacent to key neurovascular 
structures; in this situation, the first decision to be made is whether to adopt a limb- 
sparing surgical approach or to perform an amputation [9]. Amputation does not 
increase survival when compared to limb salvage surgery: however, it can provide 
improved local control and symptomatic treatment in cases in which limb salvage 
might not be performed, such as tumors that involve the underlying bone and/or a 
critical neurovascular bundle (in particular, nerve rather than vessels), or in large 
lesions whose resection is not compatible with a functional limb [2]. The more 
proximal the amputation, the more energy is demanded from the cardiovascular and 
pulmonary systems for prosthetic gait: however, the shortened longevity 
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emphasizes the need for timely rehabilitation to enhance the quality of the remain-
ing years. Presurgical care and the preprosthetic phase of rehabilitation must be 
given attention and added to the problems common to the older patient (comorbidi-
ties, polypharmacy, immobility, and depression) [10].

Disease-free survival and time to relapse are strictly dependent from quality of mar-
gins and tumor biology. Margins are described as radical, wide, marginal, or intrale-
sional depending on the plane of the resection’s relationship to the tumor, the tumor’s 
pseudocapsule and reactive zone, and the anatomical compartment in which the tumor 
is found. A reliable characteristic of STSs is their relative inability to invade the fascia 
or bone; Enneking [11] described a radical resection as the removal of the entire ana-
tomical (fascial) compartment containing the STS, where tumor boundaries are 
respected. This principle means that a radical resection which can ensure removal of all 
STS tissue (microscopic and macroscopic) implies obvious functional consequences.

A wide resection includes the tumor (with an intact pseudocapsule) and the 
tumor’s reactive zone. Although a cuff of surrounding normal tissue is excised in a 
wide resection, it should be recognized that in high-grade STSs, microscopic skip 
lesions may still be missed. In practical terms, a wide resection would normally 
include the involved muscle and adjacent fascia or periosteum, but not any unin-
volved neurovascular structures or muscles within the anatomical compartment [12].

A marginal resection includes the tumor (with an intact pseudocapsule) but not 
its entire reactive zone.

A marginal excision is usually performed when a tumor’s reactive zone includes 
adjacent or nearby neurovascular structures, whose resection may leave a signifi-
cant functional impairment. Marginal excisions imply a significant risk of residual 
microscopic disease for high-grade tumors or infiltrative low-grade tumors. Despite 
this, for certain low-grade tumors (such as well-differentiated liposarcomas), mar-
ginal resections may ensure local control [13] and offer, over a wide resection, the 
advantage of maintaining function.

An intralesional resection leaves macroscopic remnants of tumor. This can be 
either planned (e.g., curettage) or unplanned as an inadvertent excision (the so- 
called “whoops” procedure). This latter should be avoided due to its negative impact 
on long-term prognosis; unplanned excisions with residual tumor have significantly 
lower survival probabilities and a higher amputation rate than unplanned excisions 
without residual disease.

If a limb-conserving procedure is chosen, a decision must then be made whether 
to perform a resection that will have a planned marginal or positive margin (to pro-
tect the involved neurovascular structures) or a more radical excision (accepting that 
the involved structures must be sacrificed).

In most low-grade lesions, microscopic infiltration of the reactive zone is 
unlikely, with the exception of myxofibrosarcomas (which are recognized by their 
high local recurrence rates [14]). As a result, long-term local control may follow a 
planned marginal excision combined with adjuvant radiotherapy, making this 
approach wholly appropriate and amputation unnecessary for these lesions.

For higher-grade lesions, the “limb-sparing versus amputation” decision is less clear-
cut. Good outcomes in terms of disease-free and overall survival have been reported 
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following less extensive, planned, limb-sparing surgeries combined with adjuvant radio-
therapy. Limb salvage surgery offers better gait efficiency and return to normal living 
compared with amputation, but does not improve the patient’s perception of quality of 
life and implies an intense rehabilitation track. If limb-sparing surgery is felt appropriate 
but significant neurovascular structures are found adjacent to a STS, a decision of 
whether to sacrifice these structures to gain wider histological margins must also be 
made. Although local recurrence rates of just 3.6% have been reported following 
planned, marginal STS excisions in this scenario in soft tissue tumor units [30], it should 
also be recognized that a major lower limb nerve resection does not necessarily lead to 
a nonfunctional outcome [15]. In reality, either approach can often be justified, and this 
decision must be made in close conjunction with patients, with frank discussions held 
over the implications of any neurovascular structure’s sacrifice.

The current absolute indications for a primary amputation for a STS are becom-
ing relatively rare and continue to fall as the armory of techniques available to 
reconstruct vascular and soft tissue defects continues to grow. Currently, only 
around 9% of STS patients undergo an amputation with curative intent, and a higher 
rate is observed in elderly patients [16].

Decisions regarding the appropriate level for amputation should be decided preopera-
tively in an MDT setting with input from sarcoma radiologists, specialist sarcoma sur-
geons, and reconstructive plastic surgeons. The role of the physiotherapist is crucial to 
preview the rehabilitation opportunities, and the treatment must be personalized for each 
patient. As a matter of fact, regardless of the chosen intervention, detailed preoperative 
counseling and postoperative access to limb prostheses and rehabilitation are essential.

27.2.2  Trunk Soft Tissue Sarcomas

In order to obtain wide margins in extensive superficial or fungating soft tissue sar-
comas, skin removal en bloc with muscles and the tumor are necessary. Although 
primary wound closure is possible without reconstructive surgery in the majority of 
STS resection surgeries, up to 38% of patients may require some form of soft tissue 
reconstruction [17]. Even after re-resections following unplanned incomplete resec-
tions, soft tissue reconstruction is only required in around 17% of cases [18].

Surgical planning for potentially problematic (large) STSs should be done preop-
eratively with a reconstructive plastic surgeon.

Reconstruction of the abdominal wall can be achieved relatively simply using 
Prolene mesh, while reconstruction of the chest wall may be more complex and will 
require the input of a specialist thoracic surgeon.

27.2.3  Retroperitoneal Sarcomas

Elderly people account for a significant number of patients presenting with retro-
peritoneal sarcomas, with 60% of them occurring in patients aged over 60 years [19, 
20]. Patients with retroperitoneal soft tissue sarcomas (RPS) are often 
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asymptomatic until the mass reaches a large size (often 15 cm or greater). Symptoms 
include a palpable mass, early satiety, abdominal discomfort, or occasionally a new 
varicocele in men. Others may be incidental findings during abdominal imaging for 
other reasons.

Retroperitoneal sarcomas are distinct from other soft tissue sarcomas, in that 
local recurrence, rather than distant metastasis, is the most common cause of 
disease- specific mortality, accounting for 75% of deaths [21]. Extended surgical 
resections, encompassing adjacent uninvolved organs, have been adopted by several 
sarcoma centers with the aim of improving local control and patient outcomes [21, 
22]. Compared to limited resections, extended resections have been shown to 
improve oncological outcomes (60% of patients surviving 5 years) with an accept-
able perioperative morbidity.

Proper resection of RPS requires appreciation of the anatomic boundaries of the 
tumor [23]. CT imaging should be reviewed to identify landmarks defining the 
extent of the mass to determine which structures may be safely resected and which 
ones cannot. The anterior margin of a RPS is generally the ipsilateral colon and 
mesocolon, pancreas, liver, or stomach. The posterior margin is generally the psoas 
and iliacus muscles inferiorly, the ipsilateral kidney and diaphragm superiorly, and 
the ipsilateral ureter and gonadal vessels medially. However, this may vary from 
tumor to tumor, and some or all of these structures could be anterior to the mass, in 
which case they would constitute a portion of the anterior margin. The medial mar-
gin usually includes the spine and paraspinous muscles, the inferior vena cava (for 
right-sided tumors), and the aorta (for left-sided tumors). The lateral margin is con-
stituted by the lateral or flank musculoskeletal sidewall, although depending on the 
size and location of the tumor, the kidney and/or colon could also border the lateral 
portion of the mass. The superior margin is similarly dependent on the size and 
location of the mass and may include the diaphragm on either side; the right lobe of 
the liver, the duodenum, and the head/uncinate process of the pancreas for right- 
sided tumors; and pancreatic tail, spleen, and splenic vessels for left-sided tumors. 
The inferior margin may include the iliopsoas muscle; the femoral nerve; the com-
mon, internal, and external iliac vessels; and the pelvic sidewall [21]. Clearly, the 
size and specific location of the mass determine which of the many structures men-
tioned above constitute which specific margin.

In general, the ipsilateral kidney, colon and mesocolon, and at least a portion of 
the psoas can be safely and relatively easily resected without much difficulty. 
Resection of the pancreatic tail and spleen can usually be performed with relatively 
low short-term morbidity. Resection of other structures, including but not limited to 
the aorta, inferior vena cava, iliac vessels, femoral nerve, diaphragm, duodenum, 
pancreatic head or uncinate process, and liver, entails more significant resections, 
with ensuing greater morbidity [24].

The proportion of elderly patients that are fit for extended resections at presenta-
tion and the outcomes of surgery in this age group is unknown. A surgical approach 
is still potentially beneficial in the elderly, as life expectancy is over 10 years in 
people of 75 years of age of either sex and does not fall below 5 years until beyond 
the age of 85 years [19].
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However, extended resections for retroperitoneal sarcoma are a substantial 
undertaking. The proportion of patients treated nonoperatively is significantly 
higher in those aged over 65 years, with no difference in the proportion of patients 
presenting with unresectable disease between older and younger patients, due to 
unsuitability to major surgical intervention for comorbidities or surgery refusal. 
Perioperative morbidity has a threefold increase in patients over 65 years, but peri-
operative mortality does not increase compared to younger patients, and no  evidence 
exists in identifying age as a prognostic factor [20, 25].

The location, rather than the absolute size, of retroperitoneal sarcomas is most 
pertinent in determining resectability, with the median tumor size in patients unsuit-
able for surgery being on average smaller than those proceeding to operation. In 
case of established renal insufficiency, the tumor must be deemed to be inoperable, 
as resection would necessitate a nephrectomy, which would likely render the patient 
dialysis dependent. Renal replacement therapy has not been shown to improve sur-
vival in the elderly when comorbidities are taken into account, and the median sur-
vival of elderly patients on dialysis is approximately 3 years [19, 24]. As such, it 
becomes difficult to justify an extended resection that is likely to result in end-stage 
renal failure, although these decisions should be made on a case-by-case basis.

The outcomes for patients managed nonoperatively are poor. The use of radio-
therapy or chemotherapy is significantly less common in patients older than 
65 years, likely reflecting the proportion of patients unfit for operative management. 
Due to the lack of effective treatment options in this situation, the patient’s quality 
of life should be paramount in treatment planning.

27.3  Adjuvant/Neoadjuvant Radiation  
Therapy and Chemotherapy

Postoperative chemo-/radiotherapy has no proven efficacy in retroperitoneal sarco-
mas [26].

Limb-sparing surgery generally relies on adjuvant/neoadjuvant radiation therapy 
to minimize risk of local recurrence. The goal of radiation is to treat the margin to 
minimize the risk of recurrence, not necessarily to reduce the size of the tumor per se. 
Radiation therapy reduces the risk of local recurrence from greater than 30% to less 
than 10% in most series, but does not impact distant failure or overall survival [27].

Radiation therapy may be delivered as external beam radiation therapy (EBRT) 
or brachytherapy. EBRT may be delivered preoperatively or postoperatively. 
Preoperative EBRT is associated with a doubling in the rate of wound complications 
(35% vs. 17%) but importantly with a lower rate of late complications and tissue 
fibrosis and better functional outcomes. Postoperative EBRT generally has higher 
dose than preoperative EBRT. Brachytherapy may be delivered through afterloading 
catheters placed across the tumor bed at the end of surgery. The goal of brachy-
therapy is to deliver additional radiation to a close margin (including neurovascular 
structures) with minimal treatment to surrounding tissue, particularly when further 
EBRT is no longer feasible. This can be a desirable option for older patients.
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Approximately 25–50% of patients with extremity STS develop distant meta-
static disease [28]. Those with large (>10 cm), deep, high-grade STS may be con-
sidered for preoperative or postoperative chemotherapy, usually with active agents 
such as doxorubicin and ifosfamide (response rates of 20–40% in patients with 
metastatic disease). However, there are no consistently convincing data that such an 
approach improves overall survival for most STS histologies, and cardiac and kid-
ney toxicities make the majority of older patients unfit for treatment.

Hyperthermic isolated limb perfusion (ILP) and infusion (ILI) have been inves-
tigated in several institutions as treatment for patients with locally advanced STS in 
whom limb-sparing, function-sparing surgery may not be possible, but the associ-
ated high morbidity makes this treatment not advisable for geriatric patients [29].

27.4  Histology-Specific Treatments

27.4.1  Atypical Lipomatous Tumor (ALT)/ 
Well-Differentiated Liposarcoma

This low-grade tumor, when arising in the extremity, has a relatively low rate of 
recurrence, may not recur for quite some time, and has no risk of distant metastatic 
spread and death, unless dedifferentiation occurs over its natural history. 
Dedifferentiation, if it occurs, in fact entails a risk of metastatic spread as high as 
20%. In contrast, low-grade locally recurrent ALT may grow slowly for years. 
Therefore, such tumors arising in the extremity can be resected with a limited nega-
tive or even a positive margin especially when preserving limb function is an issue. 
Radiographically, ALT may be difficult to distinguish from an intramuscular lipoma, 
a benign entity which can also arise in deep muscle tissue. ALT/well-differentiated 
liposarcoma is a more threatening neoplasm when located in the retroperitoneum 
even in the absence of areas of dedifferentiation. In fact, local control is an issue at 
this site, and patients often die of locoregional failure, without developing distant 
metastases [2, 21].

27.4.2  Dermatofibrosarcoma Protuberans (DFSP)

DFSP is a superficial tumor which infiltrates soft tissue for centimeters beyond the 
obvious margins of the lesion and can recur locally following an inadequate resec-
tion. However, the more common variety of DFSP does not display metastatic 
behavior. Therefore, the goal of surgery should be negative margins, often necessi-
tating reconstruction by plastic surgery. When cosmesis or function preservation is 
an issue, limited positive margins may be accepted, and a wider resection postponed 
until DFSP locally recurs.

Since DFSP is usually a relatively superficial tumor, resection of muscle deep to 
the tumor is not often necessary. Intraoperative frozen section margin analysis is not 
generally helpful, as the surrounding fat rarely freezes well for analysis. Radiation 
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therapy is not usually recommended. Approximately 5–10% of patients with DFSP 
have a more aggressive fibrosarcomatous variant which may recur locally and 
potentially spread. Those individuals should be treated as a “conventional” sarcoma 
with more aggressive local therapy (including radiation) and followed with system-
atic imaging.

27.4.3  Myxofibrosarcoma

Myxofibrosarcoma most commonly arises in the extremities of elderly individuals. It 
demonstrates a 30% rate of local recurrence and 16% rate of distant recurrence [14]. 
Multiple local recurrences have been associated with eventual amputation. Therefore, 
it is critical to pursue aggressive local therapy. Wide surgical margins (2–4 cm radial 
margins beyond the clinical boundaries of the palpable mass, especially in more 
superficial tumors) should be the goal of surgery, which often requires complex 
wound closure or flap reconstruction by a plastic and reconstructive surgeon, as well 
as resection and reconstruction of vessels and/or nerves. Radiation therapy, either 
preoperatively or postoperatively (described below), may be considered, though the 
direct impact on this specific histology remains unknown.

27.4.4  Angiosarcoma

Scalp angiosarcomas are commonly multifocal, by both clinical examination and 
CT or MRI imaging. As radical surgery (often requiring complex flap reconstruc-
tions) is possible but rarely curative even if margins are widely negative, it may be 
reserved for patients who are experiencing problems with local control (bleeding 
from a fungating tumor) or who only appear to have a solitary site of disease by both 
clinical examination and imaging while undergoing systemic therapy. Angiosarcoma 
is sensitive to systemic chemotherapy and to radiation therapy [2].

27.4.5  Radiation-Induced Sarcomas

Radiation-induced sarcomas are rare and include a variety of histological subtypes, 
the most common of which are unclassified pleomorphic sarcoma, angiosarcoma, 
malignant peripheral nerve sheath tumors, and leiomyosarcoma. Besides the intrin-
sic characteristics of each histological subtype, they are all characterized by a high 
propensity to locally recur, given the difficulty of obtaining clear margins. This is 
due in part to the difficulty in distinguishing tumor infiltration of healthy tissues 
from radiation-induced soft tissue changes around the tumor site and in part to the 
discontiguous and multifocal involvement of tissue within the radiation field. The 
tumor should be excised with as much tissue around it as possible. This often if not 
always requires reconstruction and coverage by a plastic surgeon and potentially a 
more liberal policy of neurovascular resection and reconstruction. Systemic 

27 The Management of Soft Tissue Sarcoma in the Elderly



394

chemotherapy and re-irradiation are often considered, given the overall dismal 
prognosis, though the use of the latter must be weighed with caution [2].
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28.1  Introduction

The definition of the word “elderly” is not one that has been universally agreed 
though it is generally accepted that it pertains to a subset of population between 45 
and 75 years old [1]. People are living much longer worldwide. Currently, the popu-
lation over 60 years of age accounts for over 40 million persons in the United States. 
Over the next 20 years, the population over 65 years of age is projected to double in 
size, reaching 82.3 million (approximately 22% of the total population) by 2040 [2].

It is thought that the population over 65 years of age will be the fastest growing 
subset of population. As this population grows, so too will the need for healthcare 
services and their costs. In 2008, despite the fact that the elderly constituted only 
13% of the US population, they represented 40% of all hospitalized adults. The total 
expenditure on health care reflects these data; in fact, the elderly costs twice as 
much as their younger counterparts (13.2% vs 6.6%, respectively) [3].

The Western lifestyle encourages old people to maintain their independence for as 
long as possible. In 2014, there were 5709 people over 65 killed and an estimated 
221,000 injured in motor vehicle traffic crashes. Older people made up 17 percent of 
all traffic fatalities and 9% of all people injured in traffic crashes during the year [4].

However, physiological changes are natural and uncontrolled events that affect 
compensatory mechanisms and cause them to become insufficient to adequately 
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react to injuries, illnesses, or surgery [5]. This physiological decline renders the 
elderly prone to traumatic injuries in the course of their daily activities. Furthermore, 
the higher comorbidities rate (66%) and preexisting home therapy may exacerbate 
and complicate the trauma and the underlying physiological mechanism [6].

The trauma mechanism in the elderly is dissimilar to that in their younger coun-
terparts. In young patients, road trauma is most prevalent (58.4%). Other predomi-
nant trauma mechanisms are recreation (15.4%) and violence (15.3%) [7].

Blunt trauma is the dominant mechanism in elderly patients (EPs) and makes up 
more than 80% of all geriatric trauma [8]. Falls, which consist of a low-energy blunt 
trauma, account for 70% of blunt trauma cases. EPs may be more inclined to fall 
because of physiological change with aging and comorbidities affecting the muscu-
loskeletal system and the brain causing tremor, rigidity, and dementia. Further blunt 
trauma events are motor vehicle accidents (the second most common trauma mech-
anism), pedestrian struck, and burn injuries [9]. Finally, there are penetrating trauma 
and suicide attempts. EPs account for 18% of all suicide deaths. Of note, domestic 
abuse and assaults represent an underrated cause of trauma, with an estimated 
25,886 elderly people treated in emergency departments for lacerations, contusions, 
or fractures secondary to nonfatal assaults. It is estimated that roughly 85% of abuse 
incidents involving the elderly are not reported [10].

Despite the steady increase in geriatric trauma admissions, specific guidelines 
addressed toward the management of the geriatric have not been defined, and the 
treatment remains challenging. Demetriades et al. showed a deficiency in the proper 
triaging of these trauma cases [11]. EPs, even if severely injured, were underrated 
in 25% of cases. This bias results in a significant delay in treatment. Statistics show 
that 43% of patients who were considered hemodynamically stable were found to 
have experienced cardiogenic shock, and 54% of these cases resulted in death [12]. 
Mortality among those patients was substantially reduced by employing “age over 
70” as an activation code for the trauma team [11].

Given the well-established relationship between age, Injury Severity Score (ISS), 
and mortality, a clear trauma classification at the presentation is essential as invasive 
procedures in EPs are widely accepted in ISS > 18, whereas in ISS < 18, the indica-
tions need to be cautiously evaluated according to the risks and benefits [13].

Due to a reduced physiological reserve, body reaction to a traumatic event is 
poor in both the short and the long term. EPs who are hospitalized are likely to 
develop a limitation in their daily abilities and functional status and need long-term 
care. A poor pre-injury functional status is a strong predictor of an undesirable out-
come [14]. It has been evaluated as even more relevant than the admitting diagnosis 
in the short term (complications and in-hospital mortality) and the long term (post- 
hospitalization mortality) [15].

Poor functional status at the baseline, an advanced age, and a high ISS result in 
a longer hospital stay and increase the risk of developing nosocomial infections. As 
shown by Labib et al., among all the nosocomial complications, respiratory compli-
cations are those that most increase the risk for in-hospital mortality [16]. Pracht 
et al. showed that in patient groups aged between 65 and 74 years of age, the risk of 
mortality increases according to the number of comorbidities [17].
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Fleischman et al. show that age is a relevant predictor of long-term prognosis. In fact, 
the risk of post-hospitalization mortality continues to go up until 6 months post-trauma 
in EPs [18]. Additionally, Davidson et al. stated that the risk of post- hospitalization mor-
tality remains high over a 3-year post-trauma period (16%) [19]. EPs outcomes are 
related to multiple significant factors such as trauma mechanism, age, ISS, comorbidi-
ties (especially cardiovascular comorbidities), functional status at the baseline, and 
home therapy [20]. In this context, as EPs are extremely frail and feeble, it would be 
better to evaluate them more as individuals than as a cohort of patients.

28.2  The Physiology of Aging

Substantial physiological changes occur in aging and may affect the body’s response 
to trauma.

In a trauma, the first body reaction is the release of catecholamine hormones, in 
order to raise blood pressure and provide more blood to muscles and brain. In EPs, 
the cardiovascular system responds to this stimulation with a consistent delay [21].

Additionally, medications such as beta-blockers or diuretic medications may miti-
gate the hormones’ effect and exacerbate a forced status of hypotension and hypoper-
fusion in cases of blood loss. Figures which define the “normal blood pressure” in 
adults should be reconsidered in EPs. Heffernan et al. found that mortality increased 
in EPs with a systolic blood pressure <110 mmHg, whereas the same results were 
obtained when the blood pressure was <95 mmHg in younger counterparts [22].

The heart and vessels are stiff and thickened, causing a decreased compliance. 
Body fluid compartments are extremely narrow, and small changes among them 
coincide with a massive change between hypovolemia and edema because cardiac 
reserve is limited; atherosclerosis leads to poor vessel constriction, and the neuro-
logical system is slow in arousing the “fight or flight” response [23].

In a trauma, EPs may decompensate quickly because the respiratory reserve is 
decreased as well. The loss in elasticity and arthritic process makes the rib cage 
stiff, causing a reduction in the articular range of motion. Lungs, which are enclosed 
in an inflexible space, lose compliance, and the vital capacity decreases, while the 
dead space increases. Additionally, the pulmonary tissue changes its pattern because 
of fibrosis and the loss of collagen and because of chemicals and pollution in the 
atmosphere. Hence, early intubation is recommended in patients with borderline 
respiratory function [24].

The kidneys are less efficient in concentrating urine. Even temporary hypoten-
sion and hypoperfusion, radiological contrast, or nephrotoxic drugs represent a trig-
ger for an acute kidney injury [25]. Aging acts on the musculoskeletal system, 
decreasing the muscle mass and strength because fat or fibrous tissue replaces mus-
cles. In addition, osteoporosis and arthritis decrease bone density and make EPs 
susceptible to fracture, even in low-energy trauma [26].

Finally, another substantial physiological change is the loss of adequate thermo-
regulation. Even a modest trauma may easily make EPs hypothermic, resulting in a 
worsening of coagulopathy, which then dramatically raises the risk of mortality [27].
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28.3  Neurotrauma

Physiology in traumatic brain injury (TBI) is determined by two phases. The first 
phase consists in a cellular disruption or death leading to a neurological impairment. 
The second phase results in microenviromental changes, edema, and inflammation. 
In EPs, these phases are exacerbated by the age-related physiological changes 
because aging decreases the brain’s plasticity and its ability to repair the damage. 
Additionally, TBI conduces to further cellular loss and may boost any disease pro-
gression [28].

Medical treatment should evaluate several factors in EPs. Considering the high rate 
of EPs with hypertension, maintaining an appropriate blood pressure and, consequently, 
a correct cerebral oxygenation may be challenging [29]. In EPs, the heart ejection should 
be precisely calculated to determine all the further fluid management. Currently, the 
mainstays in TBI treatment are as follows: (1) balance hypoxia and hypotension; (2) 
carefully avoid hypoperfusion from hyperventilation; (3) administer anticonvulsants 
over the first 7 days after the trauma; and (4) do not administer steroids [30].

As the brain volume in EPs is reduced and the dead space between the brain and 
the head bone is enlarged, the likelihood of a substantial brain swelling with a con-
sequent increased intracranial pressure needing surgical intervention is rare. 
Mannitol remains the most efficient drug in the control of increased intracranial 
pressure in these patients, even though a decreased function of the astrocytic gap 
junctions may result in a mannitol hyperfunction worsening the cerebral edema. 
More recently, several studies have shown that statins reduce the risk of both in- 
hospital mortality and 12-month adverse outcome [31, 32].

From the surgical perspective, guidelines currently recommend evacuating an 
acute subdural hematoma when it is >10 mm and/or midline shift is >5 mm on CT 
scan, regardless of the patient’s Glasgow Coma Scale (GCS) [30]. While this rec-
ommendation is well established for young patients, it is vague and controversial 
with regard to EPs. However, EPs who underwent craniotomy for hematoma evacu-
ation showed acceptable outcomes (in-hospital mortality 5–16%) and a similar abil-
ity to return to the baseline when compared to younger counterparts. EPs may 
require more scrupulous care over the period of hospitalization and a longer hospital 
stay and rehabilitation. Historically, the vast majority of subdural hematoma cases 
were treated conservatively and resulted in a chronic event. Patients have occasion-
ally reported headache and/or minor mental changes; less than 10% have reported 
substantial neurological symptoms [29].

Recent studies, however, pointed out that chronic subdural hematoma (CSDH) is 
not a disease free of long-term complications. Miranda et al. found that the CSDH 
effect in the long term in EPs leads to a mortality rate of 26.3% at 6 months and 32% 
at 12 months [33]; similar results are reported in patients after hip fractures [34]. It 
might be postulated that CSDH after TBI exacerbates preexisting comorbidities and 
affects the brain functions, resulting in an increased rate of mortality [33].

Further studies looking at specific TBI cohorts of EPs indicated “male gender” as 
a predictive factor for a worse outcome. Women reported better outcomes, and it is 
likely to be due to estrogen and progesterone, which act in the reparation process [35].
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It is well established that falls represent the most common mechanism for TBI. In 
this context, more efforts should be addressed toward the prevention of such inju-
ries. Several studies listed a number of strategies to decrease the probability of these 
traumatic events happen. Incentivization has been suggested as an encouragement 
to compliance in elderly to medications, as the careful choice of the more appropri-
ate antihypertensive (thiazide-type diuretic therapy reduces hip and pelvic fracture 
risk compared with other antihypertensive medications), and as the promotion of 
physical exercise to strengthen their musculoskeletal systems [36, 37].

Of note, the vast majority of EPs are on anticoagulation therapy, which deeply 
affects outcomes. Anticoagulants make treatment much more demanding and chal-
lenging [38]. Howard et al. found a relationship between an increased risk of mor-
tality in EPs and those on warfarin who fall [39]. However, this relationship has 
been debated in the literature, and the data are still contradictory.

Over the last decade, new oral anticoagulants (NOACs) are available worldwide. 
NOACs are as efficient as warfarin but relatively safer. The action mechanism con-
sists in the direct inhibition of the coagulation cascade. NOACs have a shorter half- 
life compared to warfarin (8–16 h vs 1 week, respectively) and are, thus, easier to 
manage. The major limitation of NOACs is the lack of a specific antidote [40]. The 
RE-LY trial documented that low doses of NOACs decrease the risk of intracranial 
hemorrhage as compared with warfarin; conversely, high doses result in a similar 
risk [41].

28.4  Pelvic Fracture

The pelvis is the strongest bone unit in the body and its fracture is considered to be 
secondary to high-energy injury (13–18%). However, comorbidities (osteoporosis, 
arthritis, and osteopenia), preexisting conditions (previous surgery, metastases), and 
age may weaken the bone pattern and make it prone to fracture even in cases of low- 
energy trauma [42].

Comparing EPs to their younger counterparts, differences in the mechanism, 
hospitalization, and outcomes are evident. While younger patients typically sustain 
such fractures from high-energy traumas, such as motor vehicle collisions, in EPs, 
low-energy trauma—usually falls from standing—is the most common cause [43]. 
Therefore, prevention of falls should be taken into consideration when striving to 
decrease the risk factors. In addition, pelvic fractures are more prevalent among 
males in younger patients and among females in EPs. The difference in prevalence 
between sexes is presumably attributable to the hormonal changes in females (estro-
gen and progesterone decline) which unleash subsequent osteoporosis [44]. In 64% 
of pelvis fractures, preexisting osteoporosis is present and this rises to 94% in 
<60-year-old patients [45].

Mortality in EPs (7.6%) is mostly related to hemorrhage; this is four times higher 
than in younger patients, where morbidity is due to incomplete healing and/or nerve 
damage [46]. Pelvic fracture management is standardized in two groups, whether or 
not the patient is hemodynamically stable [47].
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Due to the anatomy, pelvic trauma may involve different organs and systems 
(bones, genitourinary viscera, rectum, small intestine, major vessels, and pudendal 
nerves); thus, the management of such trauma may be demanding and require a 
polyspecialistic treatment. Moreover, in EPs, bones are weaker and ligaments and 
the skin are less flexible; thus, the incidence of more complex fractures such as 
Morel-Lavallee, Malgaigne, or open-book fracture increases. Nonetheless, concom-
itant drugs, such as anticoagulants, which EPs are often on, may contribute to per-
sistent bleeding and increase of the hemodynamic instability risk [48].

Primary classification is based on the fracture stability. Stable fractures are 
defined as fractures of the pelvic ring, acetabular fractures, and pubic branch. 
Unstable fractures are characterized by pelvic fractures in more sites (Malgaigne 
fracture or open-book fracture). The Young and Burgess system is the most accepted 
worldwide (Fig. 28.1) [49]. According to this classification, angiographic emboliza-
tion is predominantly required in anterior posterior compression, in vertical shear, 
or in combined fracture patterns (Fig. 28.1) [50].

Anterior Posterior Compression

Lateral Compression

Vertical Shear

1 2 3

1 2 3

Fig. 28.1 Young and Burgess pelvic fracture classification
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According to ATLS, the first assessment is based on clinical findings and pain 
site. Physical examination is essential to determine the anatomical site entailed in 
the trauma, which requires further investigations. Bimanual compression of the iliac 
wings can rule out either vertical or rotational instability [51]. Pelvic X-ray repre-
sents the first radiological investigation. Inlet, outlet, or judet views may offer addi-
tional data. CT scan may be useful in suspected active bleeding in order to define the 
site of a subsequent angiographic embolization if necessary [52]. When underlying 
osteoporosis is suspected, an extensive investigation, including of levels of calcium, 
thyroid function, and sexual hormones in the serum, should be carried out [48].

As previously mentioned, management is primarily based on the clinical presen-
tation. In EPs who have a poor physiological reserve to get through a trauma, a 
comprehensive assessment of the patient should be carried out. Comorbidities 
should be taken into consideration, especially for potential medication interactions. 
It is likely that home therapy might interact with drugs administered over the course 
of hospitalization, causing confusion and obnubilation. A prompt correction of 
coagulopathy in patients on anticoagulants is essential (Table 28.1), while desmo-
pressin may help to treat patients with chronic kidney disease [53].

The clinical examination and the radiological investigations looking at poten-
tial bleeding define the diagnostic phase. Once the site of bleeding is identified, 
and even supposing there is active bleeding but the patient is hemodynamically 
stable, conservative treatment (bed rest, minimally invasive interventions, and 
pain control) is preferred. Occasionally, the sites of hemorrhage are multiple, and 
in one third of pelvic fractures, sources of bleeding are outside of the pelvic 
borders [54].

Table 28.1 Commonly antiplatelet/anticoagulants agents

Antiplatelet/
anticoagulant agents 
(brand name) Half-life

Duration of 
action

Mechanism of 
action Reversal agents

Warfarin (Coumadin) 20–60 h 2–5 days Vitamin K 
antagonist (inhibits 
factors II, VII, IX, 
and X)

Fresh frozen 
plasma, vitamin 
K, prothrombin 
complex 
concentrate

Aspirin 20 min Life of the 
platelet 
(7–10 days)

Antiplatelet: 
thromboxane 
inhibitor

Desmopressin; 
platelets may give 
temporary reversal

Clopidogrel (Plavix) 6–7 h 7–10 days Antiplatelet: ADP 
receptor/P2Y12 
inhibitors

Desmopressin; 
platelets may give 
temporary reversal

Prasugrel (Effient) 6–7 h
Ticlopidine (Ticlid) 12 h
Abciximab (ReoPro) 10–30 min 48 h Antiplatelet: 

glycoprotein IIb/
IIIa inhibitors

Desmopressin; 
platelets may give 
temporary reversal

Eptifibatide (Integrilin) 2.5 h 96 h
Tirofiban (Aggrastat) 2 h 48 h
Fondaparinux (Arixtra) 17–21 h 2–4 days Bind antithrombin Protamine sulfate 

(more effective 
with heparin)

Enoxaparin (Lovenox) 4.5–7 h 12 h

Dabigatran (Pradaxa) 12–17 h 2–4 days Direct thrombin (II) 
inhibitor

Unknown
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Usually, any small amount of bleeding in hemodynamically stable patients is con-
trolled by putting in place a pelvic binder, which stabilizes the fracture. Although arterial 
bleeding is unusual, its presence should be investigated with radiological investigations 
when suspected. Such bleeding is unlikely to be controlled with immobilization, and 
more invasive treatment (i.e., angioembolization and/or surgery) is required [55].

A mobilization as early as possible is recommended to prevent the bone resorp-
tion and to decrease the risk of pulmonary infection and vascular or gastrointestinal 
complications. The average hospital stay for EPs who sustain a pelvic fracture is 
around 21 days. Subsequently, a long rehabilitation is frequently required; however, 
a complete return to the motility at the baseline is rare, and EPs may need a cane to 
resume daily activities [56].

28.5  Penetrating Trauma

Trauma is the fifth leading cause of death in EPs. Blunt trauma (falls, motor vehicle 
injuries, or pedestrian collision) is the most common, but outcomes are favorable 
[57]. The same cannot be said for penetrating trauma, which is relatively rare but 
with an extremely poor prognosis. This poor prognosis is due to the scarce physio-
logical reserve in association with several comorbidities; of note is preexisting car-
diovascular disease, which requires the administration of anticoagulants.

Penetrating trauma is most commonly due to a suicide attempt. Social context 
(urban setting) and comorbidities (depression and chronic pain) may deeply affect 
EP quality of life. Self-inflicted injury rates increase with aging (46.2% between 65 
and 74 years of age and 51.5% over 75 years of age). This type of injury represents 
a clear public issue [58].

In 80% of suicide attempts, firearms are predominantly employed, and the head 
is the site most commonly involved (54.2%), with an extremely high mortality (over 
90%). Additional anatomical sites of penetrating trauma are the thorax (13.5%) and 
abdomen (8.2%). In assaulted patients, the thorax and abdomen are the most com-
monly involved area (43%), followed by the extremities (16.9%). Higher mortality 
is recorded in suicide attempts (60%) as compared to assault-related patients (25%) 
or unintentional penetrating injuries (9%) [58].

Given the complex history and home therapy often present in EPs, these patients 
should be closely assessed and monitored. It has been demonstrated that the classic 
hemodynamic criteria (systolic BP <90 mmHg or heart rate >120/min), which are 
typically applied in trauma team activation, are inadequate in EPs. Heffernan et al. 
compared the blood pressure and the heart rate in geriatric and younger patients and 
found that vital signs are unreliable in geriatric patients. In fact, this study showed 
that mortality in geriatric patients increases when the blood pressure and the heart 
rate are <110 mmHg and >130 beats/min, respectively. Conversely, in their younger 
counterparts, vital sign limits are <95 mmHg and >90 beats/min, respectively [22].

This difference is presumably attributable to a substantial physiological change 
in EPs causing a poor reserve, in addition to medications (such as beta-blockers, 
anticoagulants, and diuretics) which may affect the vital signs and lead to a mislead-
ing trauma classification. In these patients, a sudden deterioration has always to be 
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expected, even though hemodynamically stable on presentation; thus, prompt and 
aggressive treatment should be preferred [59].

Demetriades et al. found that assigning a specific activation code for severely 
injured patients over 70 years of age reduced the risk of misleading trauma classifi-
cation and is helpful in enabling the prompt treatment of the patient. Applying these 
criteria, this study reported a consistent reduction in mortality (p = 0.003) [11].

A recent study reported better outcomes for severely injured patients transported 
to trauma hospital rather than a non-trauma center [60]. As soon as the patient is 
admitted, a detailed history should be gathered and any home therapy scrupulously 
evaluated. As bleeding in EPs may be a challenge to control, the anticoagulants 
need to be promptly interrupted and the coagulopathy corrected if the ISS is high 
[59]. Multiple hemoglobin tests may help in assessing EPs whose vital signs are 
affected by anticoagulants and beta-blockers. In these patients, vital signs “wrongly” 
considered stable may conceal potentially life-threating bleeding. ATLS guidelines 
should be adopted. Radiological investigations need to be completed while monitor-
ing vital signs continuously, and angioembolization or aggressive interventions 
should be considered in the first phase of the evaluation [61].

Fluid administration needs to be managed carefully because the physiological 
response between hypovolemia and edema in EPs is extremely thin. However, a 
regulated hydration and bicarbonate administration reduce nephropathy. In trauma 
patients, thermoregulatory response may be dysregulated, causing hypothermia, 
acidosis, and coagulopathy. Therefore, hypothermia prevention through the admin-
istration of warm fluids represents a mainstay in the management of trauma [62].

Surgical management is related to the injured area and whether or not vital signs 
are stable. If vital signs are stable, further investigations (such as CT scan, endos-
copy, and bronchoscopy) should be considered and a conservative treatment evalu-
ated. Patients with penetrating trauma to the neck need an emergency operation if 
the vascular or aerodigestive system is involved and vital signs are unstable. 
Historically, less than 15–20% of penetrating neck injuries need surgery [63, 64].

In cases of chest trauma with hemodynamic instability, the surgical approach pre-
ferred is an emergency thoracotomy or median sternotomy, depending on the site 
involved. In cases of penetrating trauma to the lower part of the left thorax, a diagnostic 
laparoscopy might be considered to evaluate the diaphragm. The vast majority of cases 
of penetrating trauma to the chest (nearly 80%) may be managed with a chest drain [65].

Penetrating trauma to the abdomen which results in peritonitis or in hemody-
namic instability requires an emergency laparotomy [66]. An emergency laparos-
copy should be taken into consideration in left thoracoabdominal trauma in order to 
rule out lacerations to the diaphragm [61].
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In elderly patients, bowel obstruction (BO) accounts for 10–12% of the PS access 
for abdominal pain and are intestinal obstructions [1]. Obstruction is three times 
more common in older adults than in younger patients [2]. After biliary disease, BO 
is the second most common reason for emergency surgical interventions in this 
group [3].

The ileum is the most common site of obstruction (most mobile tube, smoother, 
thinner, therefore more exposed to adhesions and hernias compared to the large 
bowel). The three most common causes of all small bowel occlusions (SBO) are 
adhesions (50–75%), hernias (15%), and neoplasms (15%). Gallstone ileum is a 
rare disease that accounts for 1–4% of mechanical obstructions.

Intra-abdominal adhesions following abdominal surgery represent a major 
unsolved problem. They are the first cause of SBO (Fig. 29.1). Diagnosis is based on 
clinical evaluation, water-soluble contrast follow-through, and computed tomogra-
phy scan. Adhesive SBO requires appropriate management with a proper diagnostic 
and therapeutic pathway. Indication and length of nonoperative management (NOM) 
and appropriate timing for surgery may represent an insidious issue. Single therapeu-
tic strategies are typically unsuccessful in preventing peritoneal adhesions due to the 
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multifactorial nature of adhesion pathogenesis. Extensive literature on the subject 
demonstrates both the complexity of the issue and the myriad resources allocated to 
this condition, yet few interdisciplinary studies have been conducted involving 
experts from different fields. Currently the medical community only recognizes the 
“tip of the iceberg” and will continue treating the condition inadequately until it is 
more comprehensively explored [4]. In the case of suspected strangulation or after 
failed conservative management, open surgery is the preferred method for the surgi-
cal treatment of adhesive SBO, but laparoscopy (Fig. 29.2) is gaining widespread 
acceptance especially in a selected group of patients. “Good” surgical technique and 
anti-adhesive barriers are the main current concepts of adhesion prevention. The 
World Society of Emergency Surgery 2013 guidelines stated that in the absence of 
signs of strangulation or peritonitis, NOM can be prolonged up to 72 h. After 72 h of 
NOM without resolution, surgery is recommended. The risk of adhesions is greater 
in patients of less than 40 years of age undergoing abdominal surgery. The increase 
in life expectancy has resulted in an increase of the “old youngs who underwent 
multiple surgeries” that in life have had several occlusive episodes. A Van Goor’s 
study underlines that patient age and three or more previous laparotomies appeared 
to be independent parameters predicting inadvertent enterotomy. Patients with inad-
vertent enterotomy had significantly more postoperative complications and urgent 
re-laparotomies, a higher rate of admission to the intensive care unit and parenteral 
nutrition usage, and a longer postoperative hospital stay [5].

In an unselected patient series of intestinal obstruction, a history of previous 
gynecologic pathology is a significant factor contributing to the total number of 
instances of intestinal obstruction in females. Surgical peritoneal closure may also 
result in an increase in the incidence of intestinal obstruction [6].

There are no guidelines for surgical management of malignant BO caused by 
peritoneal carcinomatosis, mainly when it involves the elderly; so, its treatment is 
still debated. In outlining indications and benefits of palliative surgery for 

Fig. 29.1 Small bowel 
obstruction from adhesions
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obstructive carcinomatosis and in determining what prognostic factors, including 
age, have independent and significant association with outcome, surgical palliation 
can provide relief of obstructive symptoms as well as improved survival in well-
selected patients, even if elderly.

Despite advances in diagnostic modalities, small bowel tumors are notoriously 
difficult to diagnose and are often advanced at the time of definitive treatment. 
Small intestinal neoplasms are uncommon cancers. They may occur sporadically, in 
association with genetic diseases (e.g., familial adenomatous polyposis coli or 
Peutz-Jeghers syndrome) or in association with chronic intestinal inflammatory dis-
orders (e.g., Crohn’s disease or celiac sprue). Benign small intestinal tumors (e.g., 
leiomyoma, lipoma, hamartoma, or desmoid tumor) usually are asymptomatic but 
may present with complications. Primary malignancies of the small intestine, 
including adenocarcinoma, leiomyosarcoma, carcinoid, and lymphoma, are often 
symptomatic and may present with intestinal obstruction [7].

Since the small intestine is relatively inaccessible to routine endoscopy, diagno-
sis of small intestinal neoplasms is often delayed for months after the onset of 
symptoms. Recently the increase of small bowel endoscopy and other diagnostic 
tools allows earlier nonoperative diagnosis. Even though radical resection of small 
bowel cancer plays an important role, 5-year overall survival remains low [8].

SBO in an oncology patient is a common and serious medical problem which is 
associated with diagnostic as well as therapeutic dilemmas. While the condition is 
most commonly caused by postoperative adhesions and peritoneal carcinomatosis, 
other causes have been reported—linitis plastica caused by metastatic lobular carci-
noma of the breast, patterns of malignant melanoma’s metastasis to the small bowel, 
intussusception in a patient treated for osteosarcoma with history of multiple metas-
tases, a case of jejunal intussusception with gastrointestinal bleeding caused by 
metastatic testicular germ cell cancer.

While adhesions are the most common cause of SBO, hernias remain the most 
frequent cause of strangulation in patients presenting with this condition [9]. In the 
physical examination of an elderly patient with SBO, care should be taken to 

Fig. 29.2 Laparoscopic lysis 
of small bowel adhesions
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examine the hernial sites; an irreducible mass or tenderness calls for immediate 
operation. Obstruction by widespread intraperitoneal malignancy is the result of 
fixation and puckering of the bowel, often in several places. After the bowel has 
been decompressed, there is usually no call for any surgical procedure other than 
lateral anastomosis to relieve the obstruction. Abdominal hernias may be classified 
as groin hernias (femoral and inguinal) and ventral hernias (umbilical, epigastric, 
spigelian, and incisional). Strangulated hernias remain a significant challenge, as 
they are sometimes difficult to diagnose purely by physical examination yet require 
urgent surgical intervention. Early surgical intervention of a strangulated hernia 
with obstruction is crucial as delayed diagnosis can lead to bowel resection with 
longer recovery and its attendant complications. Strangulated hernias can have seri-
ous deleterious effects such as bowel obstruction, bacterial translocation, and intes-
tinal wall necrosis (potentially resulting in bowel perforation). It poses a significant 
risk to emergency hernia repair, as there is an increased incidence of surgical field 
contamination, leading to high rates of postoperative infection and probably recur-
rence. Patients should undergo emergency hernia repair immediately when intesti-
nal strangulation is suspected (grade 1C recommendation). Unfortunately, morbidity 
and mortality rates remain high for patients who undergo emergency repair of 
abdominal hernias. Early diagnosis of strangulated obstruction maybe difficult, and 
delayed diagnosis can lead to septic complications. However, in the case of sus-
pected bowel strangulation, the benefits outweigh the risks of surgery, and patients 
should undergo immediate surgical intervention [10].

Lumbar hernias are rare conditions, and about 300 cases have been reported since 
the first description by Barbette in 1672. Therefore, strangulation or incarceration is 
also exceptionally encountered. Lumbar hernia is seen mostly in association with 
other abdominal wall hernias in elderly patients. They can also be bilateral as seen in 
this case. It was reported that the coexistence of lumbar hernia and other abdominal 
wall hernia is observed in 13% of patients. These reports suggest that a patient pre-
senting with a lumbar hernia should be explored for the presence of a coexisting 
hernia, such as inguinal, femoral, or obturator hernia. In our case, except for the 
contralateral lumbar hernia, no other type of abdominal wall hernia was seen [11].

Obturator hernia was first described by Ronsil in 1724 [12]. The incidence is 
nearly 1% of all hernias [13]. With the nickname “little old lady’s hernia,” it usually 
occurs in multiparous and elderly emaciated women due to a wider pelvis and 
enlarged obturator canal. The other risk factors include chronic obstructive pulmo-
nary disease, chronic constipation, and ascites. The cardinal clinical symptom is 
acute intestinal obstruction. The patient can have a positive Howship-Romberg sign, 
which is caused by the intermittent irritation of the obturator nerve. It was reported 
that 15–50% patients of obturator hernia may have positive Howship-Romberg. To 
examine the thigh, adductor reflex might be valuable for differentiating osteoarthri-
tis from obturator hernia. The loss of the adductor reflex, named as the Hannington- 
Kiff sign, sometimes is observed on the affected side, while the patellar tendon 
reflex was intact on the same side [14].

Paraduodenal hernia is an unusual form of internal hernia that results from a con-
genital midgut malrotation. It is classified as either right or left, depending on 
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anatomic features and embryologic origin. Left hernias are three times more common 
than right. Clinical symptoms may be intermittent and nonspecific, such as nausea, 
distention and abdominal pain, or sometimes acute SBO or ischemia. The average age 
at diagnosis is usually 38 years. The paraduodenal hernia is an uncommon disorder 
characterized by extremely variable clinical manifestations, from absolute asymptom-
atic to occlusion with ischemia or intestinal infarction. The importance of putting in 
the differential diagnosis of this disease in the case of occlusive pictures without an 
obvious cause is not to be underestimated. The instrumental images, and in particular 
the TACs, show quite a characteristic picture and are difficult to interpret by the radi-
ologist or the experienced surgeon when not aware of this pathological condition. In a 
review of the literature, we found the disease in only six elderly patients (73–95 years), 
most of them carrying a left paraduodenal hernia. This is indicative of the rarity of the 
disease and thus the likelihood of a correct diagnosis [15].

Nutritional status is very important, especially in older adults because of its 
effects on quality of life. Phytobezoar, for instance, that can lead to SBO has risk 
factors such as excessive consumption of foods with high-fiber content and inade-
quate chewing. These factors are related to dietary habits. Furthermore, the aging 
process and some related physiologic changes can predispose older adults to phyto-
bezoar formation [16].

Internal abdominal hernias present an infrequent surgical diagnosis and are usu-
ally encountered accidentally during surgery. They are generally considered as an 
extremely rare cause of ileus.

The incidence of the diverticulum of the SB varies from 0.2 to 1.3% in autopsy 
studies to 2.3% when assessed on enteroclysis. It occurs mostly in patients in the 
sixth decade of their life. Of all small bowel diverticula, jejunal diverticulum is the 
most common type. This rare entity is usually asymptomatic. However, they may 
cause chronic nonspecific symptoms for a long period of time like dyspepsia, 
chronic postprandial pain, nausea, vomiting, borborygmi, alternating diarrhea and 
constipation, weight loss, anemia, and steatorrhea or rarely lead to complications 
like hemorrhage, obstruction, and perforation. Obstruction can be due to enterolith, 
adhesions, intussusception, and volvulus. The condition is difficult to diagnose 
because patients generally present with symptoms that mimic other diseases. Only 
27 cases of SBO by enterolith expelled from small bowel diverticula have been 
reported in the literature. Jejunal diverticular disease should be considered in the 
differential diagnosis of mechanical small bowel obstruction without an obvious 
cause, especially in the elderly population.

The prevalence of inflammatory bowel disease (IBD) increases in the elderly 
population. There is no increased risk for developing intestinal cancer among 
patients with elderly onset IBD in this population-based cohort. There are increased 
risks of developing lymphoproliferative and myeloproliferative disorders in all 
IBD. Thiopurine exposure was not found as associated with an increased risk to 
lymphoproliferative disorders. These data reinforce the difference between elderly 
onset IBD as compared with patients with a younger age at IBD onset [17].

Among elderly patients, the incidence of ulcerative colitis (UC) is higher than 
that of Crohn’s disease (CD). Elderly patients with a new diagnosis of UC are more 
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likely to be male and have left-sided colitis. Elderly patients with a new diagnosis 
of CD are more likely to be female and have colonic disease. Conversely, increasing 
age at diagnosis has been associated with a lower likelihood of having any family 
history of IBD, perianal disease in CD, and extraintestinal manifestations. This 
increase in inflammatory diseases in the elderly has meant that it is increasingly 
common to find older people with bowel obstruction from Crohn’s disease [18].

The large bowel obstructions (LBO) are caused by carcinomas of the colon 
which slowly progress to give complete obstruction, inflammatory disease, fecal 
impaction, sigmoid volvulus, and cecal volvulus. Malignancy accounts for 80% of 
LBO.  Acute obstruction of the colon rectum is a more serious emergency than 
occlusion of SBO because of the risk of cecal distention, necrosis, and perforation. 
The onset of peritonitis due to cecal perforation in the elderly patient is insidious, 
and the seriousness of the situation may not be apparent until the patient goes into 
shock. Among patients with malignant large bowel tumors, obstruction in the left 
colon is more common than in the right colon.

Colorectal cancer (CRC) is a major source of morbidity and mortality in the 
elderly population, and surgery is often the only definitive management option. 
Emergency surgery for acute colonic obstruction is associated with a significant risk 
of mortality and morbidity and with a high percentage of stoma creation (either 
temporary or permanent). Right-sided colonic obstructions are usually treated by 
one-stage resection with primary anastomosis for all but the frailest patients, 
whereas controversy continues to revolve around emergency management of 
obstructed left colon cancer (OLCC). The WSES’s consensus conference of 2010 
aimed to analyze the available scientific evidence on treatment modalities for OLCC 
and how this is implemented in clinical practice. The goal of the authors was to offer 
practical and scientifically supported suggestions to manage OLCC. The committee 
made every effort to collect and classify the best available scientific evidence on 
treatment of OLCC [19].

Age itself is not a risk factor for the development of complications in patients 
undergoing surgery for colorectal cancer. Age alone should not be a reason to avoid 
therapeutic or palliative surgery in these patients; instead patient selection should 
focus on clinical condition and ASA levels.

One-stage surgery appears to be superior to two- or three-stage procedures. 
Stenting is a promising option, allowing the resection to be carried out in an elective 
setting. Stenting appears to be a safe and effective addition to the armamentarium of 
treatment options for colorectal obstructions [20].

Volvulus of the intestine is a surgical emergency. Volvulus of the small bowel is 
more common in children and is most often secondary to malrotation. Colonic vol-
vulus is a rare cause of large bowel obstruction but more common than small bowel 
volvulus in the elderly. Cecal volvulus (Fig. 29.3) is most commonly due to lack of 
fixation. Colonic volvulus has a specific radiographic appearance; however, small 
bowel volvulus is difficult to distinguish from other causes of small bowel obstruc-
tion by radiographic means. New surgical techniques with minimally invasive sur-
gery are increasingly being applied to this old problem with good results in selected 
cases. The incidence of small bowel volvulus in adults varies widely with 
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geographic location. In the Western world, it is rare and accounts for 1.7–6.2% of 
all SBO. Obstructions can be viewed as either primary (in a normal abdominal cav-
ity) or, more commonly, secondary (due to anatomic malformations, malrotation, 
adhesions, tumors, or diverticula). Presentation is that of an acute small bowel 
obstruction, with abdominal pain, nausea, and vomiting. Peritoneal signs, palpable 
mass, fever, and leukocytosis are indicators of gangrenous bowel. Plain abdominal 
radiographs usually show a nonspecific pattern of SBO. Treatment is laparotomy 
with either detorsion or resection if the bowel involved is compromised, with cor-
rection of the underlying cause as appropriate. Volvulus of the colon accounts for 
10–13% of all large bowel obstruction in the United States. It can involve any seg-
ment but most frequently occurs in the sigmoid or cecum. Volvulus of the sigmoid 
colon is the most common large bowel volvulus; it occurs in 70–80% of cases. It is 
usually secondary to a redundant colon, which may be associated with several ill-
nesses. It is more common in the elderly, institutionalized patient. Typical radio-
graphic findings are the “bent inner tube” with the point usually directed to the right 
upper quadrant. The preferred approach in the stable patient who can undergo a 
bowel preparation would be elective sigmoid resection. Other options range from 
cecostomy, transverse colostomy, sigmoid colostomy, operative detorsion, and 
emergent resection [Hartmann procedure, obstructive resection (Paul-Mikulicz), 
primary anastomosis] to elective resection with primary anastomosis. Other less 
frequently used options would include tube sigmoidostomy, mesocoloplasty, sig-
moidopexy to the transverse colon, sigmoidopexy to the parietes, and fixations of 
the sigmoid mesentery. In patients with peritoneal signs where compromised bowel 
is suspected, definitive treatment with laparotomy and bowel resection is indicated. 
Ten to twenty percent of colonic volvulus is cecal volvulus. It is associated with lack 
of fixation of the right colon to the peritoneum and is more prevalent in a younger 
patient population. It manifests in two main forms: axial rotation of the cecum and 

Fig. 29.3 Cecum volvulus
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the ileum around the mesentery (true volvulus) and the less common cecal bascule, 
where the bowel folds up on itself. Radiographic findings are those of large bowel 
obstruction with a “coffee bean” deformity directed toward the left upper quadrant. 
Patients with cecal volvulus are more likely to need initial surgical treatment, with 
cecopexy, cecostomy, or resection. Detorsion alone is not recommended due to the 
high recurrence rate. Volvulus of the transverse colon is rare (2–4%), and splenic 
flexure volvulus is the least common site. Diagnosis is usually intraoperative, and 
resection is the preferred treatment. A minimally invasive approach is feasible both 
in the acute and especially the elective settings but depends on the surgeon’s experi-
ence [21].

The incidence of diverticulitis increases with age. Although left-sided colonic 
diverticulosis is more common among elderly patients, the most common acute 
mode of presentation is intestinal obstruction due to an exacerbation of the peridi-
verticular inflammation or to the adhesion of a loop of small bowel to the inflamed 
colon. The obstruction may be complete and require a defunctioning proximal 
colostomy for its relief. The decision regarding surgical treatment must be based on 
the severity of the underling diverticulitis, the degree of intestinal obstruction, and 
also the clarified presence of malignant colorectal disease [22].

The fecal impactions (“fecaloma”) are dehydrated fecal masses that form in the 
bulb rectal, especially in bedridden elderly patients, who, sometimes, for reasons of 
central vascular disease and/or dementia, have no cognizance of reflection of defe-
cation. So, the incomplete evacuation of stool may lead to the formation of a large 
mass of hard and unmovable stool in the rectum, in fact, “fecal impaction.” The 
rectosigma becomes distended, and the hard irregular mass (stercoroma) is not suf-
ficiently plastic to be expelled through the disproportionately small anal canal by 
the patient, who tries a generally weak defecation. The RX direct abdomen is an 
examination which is usually performed to assess whether there are “air-fluid lev-
els” or worse “free air in the abdomen,” radiological signs of acute surgical abdo-
men, or more simply “signs of fecal impaction,” e.g., U-bends, vision of feces in the 
rectal ampoule, etc., or even bowel obstruction.

The frequency of fecal impaction is higher in geriatric patients admitted and 
treated in psychiatric hospitals. Patients who are immobilized for a long period 
(e.g., those with myocardial infarction or orthopedic problems) tend to develop a 
fecal impaction if not administered with mild laxatives for constipation. A careful 
rectal examination is not harmful in these patients and should be done routinely for 
early detection of impaction or occult intestinal bleeding.

Interesting complications but with rare conditions that accompany fecal packing 
are hernia, volvulus applicant megacolon, ileus, adynamic and leveling with gaseous 
distention, rectal prolapse, dystocia, and intestinal obstruction [23]. A fecaloma in the 
small intestine is extremely rare. However, this should be considered in differential 
diagnosis when symptoms of acute mechanical SBO develop in a child with constipa-
tion. Diagnosis is usually made from radiographic findings of a mobile intraluminal 
mass with a smooth outline and no mucosal attachment. Most fecalomas are success-
fully treated by conservative methods such as laxatives, enemas, and rectal evacua-
tion. When conservative treatments have failed, a surgical intervention may be needed.
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Laparoscopic techniques are gradually replacing many common surgical proce-
dures that are performed in an increasingly aging population. Laparoscopy places 
different physiologic demands on the body to open surgery. PubMed was searched 
for evidence related to the use of laparoscopy in the elderly population to treat com-
mon surgical pathologies. Randomized trials, systematic reviews, and meta- analyses 
were preferred. Currently, over 40% of all surgeries performed in the United States 
are on patients older than 65 years. By the end of the twenty-first century, Americans 
are expected to live 20  years longer than the current average. However, elderly 
patients clearly show higher rates of surgical morbidity and mortality overall. 
Laparoscopic techniques show decreased wound complications, postoperative 
ileum, intraoperative blood loss, and reduced need for postoperative rehabilitation. 
In conclusion, laparoscopic surgery is safe in the elderly population and affords 
multiple advantages including decreased pain and convalescence. However, the 
physiology of laparoscopy places demands on elderly patients that typically present 
with more medical comorbidities. Elderly patients represent a large cohort of surgi-
cal patients and are therefore profoundly affected by this shift in care. Where fea-
sible, laparoscopic surgery is becoming the gold standard in the treatment of many 
common pathologies that disproportionately affect elderly patients. The benefits of 
laparoscopy have been well documented, including decreased postoperative pain, 
decreased length of hospital stay, improved cosmesis, and a quicker return to nor-
mal activity. On the contrary, laparoscopy may be more technically challenging, 
owing to a significant learning curve among surgeons, and carries with it a distinct 
milieu of physiologic demands on the elderly patient. The surgical requirements for 
laparoscopic surgery place unique physiological demands on the patient and present 
a distinct challenge in the elderly patient. The insufflation of carbon dioxide gas can 
create acid-base disturbances, changes in blood gas balance, and alterations of car-
diovascular and pulmonary physiology. While most of these changes do not result 
in clinical significance, they can become more of a factor in patients with comorbid-
ity conditions, especially those that result in decreased cardiopulmonary reserve, as 
is common in elderly patients [24].

Utilization of abdominopelvic computed tomography (CT) in geriatric patients pre-
senting to the emergency department (ED) with acute abdominal symptoms strongly 
influences clinical management and significantly affects disposition. As the US popu-
lation ages, the clinical impact of emergent CT in the elderly will intensify [25].

Intussusception is defined as a segment of the gastrointestinal tract and mesen-
tery within the lumen of an adjacent segment. It is a rare condition that in adults can 
occur anywhere in the gastrointestinal tract from the stomach to the rectum. Only 
5% of all intussusceptions are presented in adults and in 1–5% of all cases of intes-
tinal obstruction.

 Conclusions

Most operations on elderly subjects are performed to correct or avert serious 
lesions. Once a decision is made that surgical treatment is indicated, the advanced 
age of the patient is a good reason for operating without delay. The improved 
outlook in recent years can be attributed to a more hopeful attitude on the part of 
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the surgeon, better anesthesia, and an increase in our knowledge. It is in the care 
of the sick, elderly, surgical patient that the value of a medical team drawn from 
several specialties is most evident.
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30Acute Peritonitis

Massimo Sartelli, Federico Coccolini, Fausto Catena, 
and Luca Ansaloni

30.1  Introduction

Compared with elective surgery, emergency abdominal surgery is associated with 
increased morbidity and mortality, especially in elderly patients [1, 2].

Emergency laparotomies for acute peritonitis in elder patients are high-risk pro-
cedures with associated high mortality.

The improvement in living conditions and the achievement of high standards of care in 
the past two decades resulted in an increase in life expectancy and in an increase in the age 
of patients admitted with acute peritonitis. With this continuous ageing of the population, 
the number of elderly patients requiring emergency surgery for acute peritonitis is rising.

Elderly people express an epidemiologically different disease pattern, such as 
those demonstrated for perforated gastroduodenal ulcers [3].

30.2  Outcome of Elderly Patients with Acute Peritonitis

Short- and long-term outcomes of elderly patients having an acute peritonitis are 
often associated with higher mortality, increased morbidity, consequently higher 
utility of intensive care resources and longer hospital stay and even limitations on 
the ability to live an independent life after the septic insult.
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In 2014, the World Society of Emergency Surgery (WSES) designed a global 
prospective observational study (CIAOW study) [4, 5].

The complicated intra-abdominal infections worldwide observational (CIAOW) 
study is a multicenter observational study undergone in 68 medical institutions 
worldwide during a 6-month study period (October 2012 to March 2013). The study 
included 1898 patients older than 18  years undergoing surgery or interventional 
drainage to address complicated intra-abdominal infections (IAIs). All the risk fac-
tors for occurrence of death during hospitalization were evaluated. According to 
stepwise multivariate analysis (PR = 0.005 and PE = 0.001), several criteria were 
found to be independent variables predictive of mortality, including patient age 
(OR = 1.1; 95%CI = 1.0–1.1; p < 0.0001).

30.3  Risk Factors of Elderly Patients with Acute Peritonitis

Elderly patients with acute peritonitis are usually in poor clinical condition due to 
poor physiological reserve and the additional stress caused by sepsis response. 
Moreover octa- and nonagenarians with acute peritonitis present with fewer signs of 
peritonitis and have the risk of long delays to definitive treatment and increased risk 
of mortality [6].

Ageing is an inexorable intrinsic process that affects all individuals; due to a 
diminished homeostasis and increased organism frailty, it causes a reduction in the 
response to environmental stimuli and, in general, is associated with an increased 
predisposition to illness and death.

Several studies investigating ageing physiopathology report that old age is fol-
lowed by a low-grade inflammatory process, which may be upregulated during sep-
sis and surgical procedures [7].

Frailty is an important potential risk factor in treating elderly patients.
Frailty is defined as a decline in the physiological reserves that may make the 

person vulnerable to even the most minor of stressful events, and appears to be a 
valid indicator and predictor of risk and poor outcome, but is difficult to monitor or 
manage in the emergency setting.

Risk scores are not generally available universally [8, 9] for elderly population.
A new Sepsis Severity Score for patients with complicated intra-abdominal 

infections, validated on a global level by a prospective study, was published in 
2015 [10]. The score included the clinical conditions at the admission (severe 
sepsis/septic shock), the origin of the cIAIs, the delay in source control, the set-
ting of acquisition and any risk factors such as immunosuppression and age 
(Table 30.1).

The statistical analysis showed that the Sepsis Severity Score has a very good 
ability to distinguish those who survived from those who died. The overall mortality 
was 0.63% for those who had a score of 0–3, 6.3% for those who had a score of 4–6 
and 41.7% for those who had a score of ≥7. In patients who had a score of ≥9, the 
mortality rate was 55.5%; those who had a score of ≥11, the mortality rate was 
68.2%; and those who had a score of ≥13, the mortality rate was 80.9%.
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Comorbidities are very common in elderly patients.
Several studies have shown that the incidence of comorbidity in the elderly with 

acute abdominal disease requiring emergency operation was more than 50% 
[11–13].

Moreover, unlike elective surgery, many risk factors are not amenable to modifi-
cation at the time a patient requires emergency surgery; Wu et  al. [14] recently 
confirmed this by demonstrating how hypoalbuminemia was associated with higher 
rate of morbidity and mortality after emergent abdominal surgery in geriatric criti-
cally ill patients.

30.4  Healthcare System Implications

A crucial issue in managing elderly patients with acute peritonitis is post-oper-
ative care: elderly patients frequently demand intensive care, rehabilitation and 
longer recovery times even after minor surgery, and solid social support is nec-
essary for a full recovery. Therefore, management of elderly patients with acute 
peritonitis has great clinical and healthcare system implications, and an ade-
quate organization of emergency care is mandatory to better treat elderly 
patients.

 Conclusions
Faced with the admission of an elderly patient, surgeons must decide whether 
surgical treatment is justified balancing eventual benefits and surgical risks 
markedly increased in the older population because of pre-existing illness and 
frailty.

Table 30.1 WSES Sepsis Severity Score for patients with complicated intra-abdominal infec-
tions (range, 0–18)

Clinical condition at admission
    • Severe sepsis (acute organ dysfunction) at the admission 3 score
    • Septic shock (acute circulatory failure characterized by persistent arterial 
hypotension. It always requires vasopressor agents) at admission

5 score

Setting of acquisition
    • Healthcare-associated infection 2 score
Origin of the IAIs
    • Colonic non-diverticular perforation peritonitis 2 score
    • Small bowel perforation peritonitis 3 score
    • Diverticular diffuse peritonitis 2 score
    • Post-operative diffuse peritonitis 2 score
Delay in source control
    •  Delayed initial intervention (preoperative duration of peritonitis (localized or 

diffuse) > 24 h))
3 score

Risk factors
    • Age > 70 2 score
    •  Immunosuppression (chronic glucocorticoids, immunosuppressant agents, 

chemotherapy, lymphatic diseases, virus)
3 score
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Improving outcomes in emergency surgery for the geriatric population is a 
multifaceted task.

Management of elderly patients with acute peritonitis has great clinical and 
healthcare system implications, and an adequate organization of emergency care 
is important to better treat elderly patients.
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31.1  Epidemiology

More than 1% of people aged 80 years and older are hospitalized each year because 
of gastrointestinal bleeding [1], and rates of both upper and lower GI hemorrhages 
increase significantly with aging. The incidence of hospitalization in patients older 
than 75 years old for upper GI bleeding and lower GI bleeding is 425.2/100.000 and 
380.1/100.000, respectively [2]. The mortality rate also increases with aging, and it 
is 3% in patients ages 65–84 and 5.2% in patients over 85 years old [2].

GI bleeding in such elderly people can originate from lesions common to all age 
groups or from lesions associated specifically with aging [3]. Gastrointestinal bleed-
ing can be classified as acute (presenting as hematemesis, melena, or hematochezia) 
or chronic, presenting as occult GI blood loss or anemia.

In elderly people, morbidity and mortality from GI bleeding are determined by 
both the nature and the entity of bleeding and the presence of comorbid medical 
conditions.
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31.2  Clinical Features of GI Bleeding in  
Elderly vs Younger Patients

Although the approach to the diagnosis and management of gastrointestinal bleed-
ing is not specific to elderly people, they differ from younger people for several 
aspects of clinical presentation and outcomes [4]:

• Elderly people usually have important comorbid conditions influencing out-
comes, including cardiovascular and pulmonary disease.

• They are commonly prescribed numerous medications which may compromise 
mucosal integrity and predispose bleeding (aspirin, NSAID, anticoagulant, and 
antiplatelet medications).

• They have fewer antecedent symptoms (abdominal pain, dyspepsia, heartburn).
• They present higher rates of hospitalization.
• They present higher rates of rebleeding.
• They have higher mortality rate.

The widespread use of aspirin for the primary prevention of coronary events 
caused an increase in major GI events [5]. Furthermore, in the population older than 
80 years who are prescribed with anticoagulant and antiplatelet medications, major 
hemorrhagic events have an incidence of 13.1% patients during the first year of 
anticoagulation (compared to an incidence of major hemorrhage of 4.7%/years in 
individuals younger than 80) [6].

Therefore, although the basic principles of managing GI bleeding are the same in 
elderly and younger patients, in several studies, mortality remains high in the 
elderly, despite strict adherence to modern algorithms [7]. Thus, elderly patients 
need particular attention, and the standard management might not be adequate for 
these patients.

31.3  Upper GI Bleeding (UGIB) in Elderly Patients

UGIB is characterized by bleeding that originates proximal to the ligament of Treitz, 
including the stomach, duodenum, and esophagus. The 70% of acute UGID epi-
sodes occur in patients older than 60 years old, and the incidence of UGID increases 
with aging [8, 9]. Furthermore, older age was identified as a risk factor for mortality 
among patients with UGIB [8].

31.3.1  Clinical Presentation

Patients with UGIB may present with symptoms such as hematemesis (vomiting of 
fresh, bright red blood), coffee ground emesis, or melena (passage of black, tarry, 
foul-smelling stools as a result of degradation of blood to hematin). Melena is sug-
gestive for bleeding proximal to the ligament of Treitz but can be due to bleeding 
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from a more distal GI source, as far as the cecum. Furthermore, rapid and high- 
volume UGIB can result in hematochezia (passage of bright red blood per rectum, 
with or without stool). However, UGIB may be chronic, presenting with hemoccult- 
positive stools or with microcytic anemia. Symptoms may include light-headedness, 
orthostatic hypotension, and syncope, related to blood loss and hypovolemia, even 
in the absence of overt bleeding [2, 3]. Nasogastric intubation that returns bloody 
aspirate can confirm UGIB. A clear or bilious nasogastric lavage, however, does not 
exclude UGIB [3].

The presentation of UGI disease, particularly of peptic ulcer, in elderly patients, 
can be subtle, and late presentation is not uncommon. It is reported that 26% of 
elderly patients with peptic ulcers may not have pain [10]. In a comparative study 
by Kemppainen et al. [11] (age >65 vs age <65 years, n = 125), typical epigastric 
pain in the older age group was rare (35 vs 91%, p < 0.001). In addition ulcer bleed-
ing was more common in the older age group (50 vs 14%, p < 0.001). As late diag-
nosis can cause bad outcomes and complications, especially in these patients, a 
diagnostic tool in the form of a questionnaire has been developed, to reduce mis-
leading and unrecognized diagnoses in these patients. The UEGISQUE [12] is a 
15-item questionnaire evaluating five symptom clusters: abdominal pain syndrome, 
reflux syndrome, indigestion syndrome, bleeding, and no-specific symptoms. The 
predictive value of this test was reported as good (area under ROC curve 0.78, CI 
0.73–0.83).

UGIB is estimated to be five times more common than lower GI bleeding (LGIB) 
[13]. Furthermore, it is important to remember that one of the most important 
sources of blood per rectum is actually the upper GI tract, and therefore UGIB 
should always be considered first [2].

31.3.2  Risk Factors

Despite the decreased frequency of admissions and mortality from peptic ulcer dis-
ease among young patients, admission and mortality rates for gastric and duodenal 
ulcer hemorrhage have increased among the older population. This can be explained 
by the different etiology of peptic ulcer between the young and older population 
[14, 15]. There are two reasons for the higher incidence of peptic ulcer in elderly 
patients: the increasing use of NSAIDs including aspirin and the high prevalence of 
H. pylori infections [15]. Furthermore, several studies showed that in the elderly, 
there is an imbalance in the equilibrium between aggressive factors on gastrointes-
tinal mucosa (gastric acid and pepsin) and the mucosal protective mechanisms 
(mucus, bicarbonate, prostaglandins) [16–20]. In addition gastrointestinal transit 
time and gastric emptying is slower in the elderly, increasing exposure of the gastric 
mucosa to the ingested medications [21].

However, because many elderly patients require analgesic or antithrombotic 
medications, it is important to find an optimal strategy to minimize their gastroin-
testinal adverse effects [15]. There is significant evidence to support the concomi-
tant treatment with PPI in the prevention of NSAID-induced and aspirin-induced 
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ulcers both in short-term and long-term NSAID users [22, 23]. Moreover, current 
evidence supports the advance of PPI over H2RAs for NSAID- and aspirin-related 
ulcer prevention [24]. In elderly patients, if treatment with NSAIDs cannot be 
avoided, a combination of a COX-2 inhibitor with a PPI may offer the best gastro-
intestinal protection [15].

Nevertheless, there are also some concerns about PPI use in elderly patients. 
First, some studies have suggested that aging may reduce the efficacy of antisecre-
tory drugs, due to a defect in the negative feedback mechanism between intragastric 
pH and gastrin secretion [25]. Furthermore, there are concerns over the risks associ-
ated with long-term PPI use in the elderly populations. A retrospective study by 
Maggio et al. [26] showed that the use of PPIs is associated with an increased risk 
of all-cause death in older patients discharged from intensive care hospitals. The 
main risks associated with PPI use are:

• Significant higher risk of C. difficile infection (OR 2.15, 95% CI 1.81–2.55) [27].
• Higher risk of community-acquired pneumonia (OR 1.36, 95% CI 1.12–1.65 

[28]) due to the alteration in gastric pH that allows the colonization of certain 
bacteria species, leading to microaspiration and colonization of the lung. 
Furthermore, PPIs may alter the pH of seromucinous secretion of the respiratory 
tract, promoting bacterial growth [15].

• Higher risk of fracture (OR 1.44, 95% CI 1.21–1.70 [29]); the mechanism is still 
unknown, possible theories include an inhibition of osteoclastic H-K adenosine 
triphosphatase and a reduction in intestinal calcium absorption [15].

• Higher risk of nutritional deficiencies such as hypomagnesemia, iron and vita-
min B12 deficiency.

It is important to ensure the appropriate use of PPIs, to identify what patients can 
gain maximum benefit from PPI therapy and what patients need alternative thera-
pies such as H2RAs, which is associated with less adverse effects, even if they are 
less effective in some cases [15].

A separate discussion should be made about critically ill patients. They are at 
increased risk for development of stress gastritis, and the major risk factors identi-
fied are mechanical ventilation, traumatic brain injuries, major burn wounds and  
trauma injuries.

31.3.3  Etiology

In Table 31.1 the main causes of UGIB in the elderly are reported.
The most common sources of UGIB in the elderly are peptic ulcer disease and 

gastropathy which together account for between 55 and 80% of patients presenting 
to emergency department with UGIB [3]. Esophagitis and esophageal/gastric vari-
ces account for the remaining sources of bleeding.

Peptic ulcer disease is the most common cause of UGIB, also in elderly people [2, 
3, 30]. UGIB related to portal hypertension is mostly seen in patients younger than 
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60 years old. The mortality of patients who present with esophageal varices hemor-
rhage historically exceeded 30%, but there are data to suggest that has recently 
declined. Available data suggest that mortality after variceal hemorrhage correlates 
with the Child-Turcotte-Pugh score and not with advanced age [31].

Although overt hemorrhage is an uncommon manifestation of esophagitis or 
gastropathy, these lesions are implicated as bleeding sources more frequently in 
elderly than in younger people [3].

The risk of UGI malignancy increases with age, and GI bleeding is often the first 
presentation of malignancy [30].

Although the prevalence of gastric antral vascular ectasia does not increase with 
age, it is associated with certain medical comorbidities, such as end-stage renal 
disease and cirrhosis. It typically causes occult or subacute blood loss and 
transfusion- dependent anemia [3].

Aortoenteric fistula (AEF) develops in 0.5% of patients who have undergone 
aortoiliac bypass surgery [32] and can also develop after endovascular aortic repair, 
a procedure increasingly performed in the elderly [30]. AEF is also described in 
patients with native anatomy and after enteral stent placement. The classic presenta-
tion is with a herald (sentinel) bleed followed by exsanguinating hemorrhage. 
Because of the delay in its diagnosis (the median time to diagnosis of an AEF after 
presentation is approximately 10  days), short-term mortality exceeds 30% even 
after accurate diagnosis and repair [33].

Dieulafoy’s lesion is a dilated submucosal artery that can rupture and result in 
overt gastrointestinal hemorrhage. These lesions can occur in elderly people, but are 
not specific to this range of population.

Less common etiologies are reported in Table 31.1.

31.3.4  Risk Assessment for Outcome

Several risk assessment scores have been developed to predict outcomes, such as the 
need for an intervention, and the risk of rebleeding or death. Using these scores, a 

Table 31.1 Etiology of 
UGIB in the elderly [2, 3, 30]

Common etiology
Peptic ulcer (gastric or duodenal)
Gastroduodenal erosions and gastropathy
Esophagitis
Esophageal and gastric varices
Mallory-Weiss tear
Esophageal and gastric cancer
Less common etiology
Portal hypertensive gastropathy
Dieulafoy’s lesion and Boerhaave’s syndrome
Gastric antral vascular ectasia
Hemobilia
Hemosuccus pancreaticus
Aortoenteric fistula
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subgroup of patients who are at very low risk of adverse outcomes can be identified, 
and they could be candidates for early discharge or even for nonadmission with a 
planned early outpatient endoscopy. Furthermore, these scores allow early identifi-
cation of high-risk patients who need appropriate inpatient intervention [30].

The Glasgow-Blatchford Score (GBS) and the abbreviated “admission” (pre- 
endoscopic) Rockall score use only clinical and laboratory data to assess the risk 
and therefore can be used shortly after presentation to hospital [34, 35].

Before endoscopy, the Rockall risk scoring system is recommended, and it’s the 
most widely used scoring system, being validated by several studies. It can predict 
patient’s outcome, death, and estimated rebleeding risk. Patient’s age, systolic blood 
pressure, pulse rate, and presence of comorbidities are included in the score. Patients 
with a score of 0 could be considered for nonadmission or early discharge; if the score 
is above 0, there is a significant risk of mortality and endoscopy is recommended [36].

The GBS is based on blood urea level, hemoglobin level, systolic blood pressure, 
pulse rate, the presence of melena or syncope, and the history of liver disease or 
cardiac failure. It can predict the need of intervention and mortality [30].

Conversely, the full Rockall score requires endoscopy to predict outcome and 
includes age, pulse rate, systolic blood pressure, comorbidity, endoscopic diagno-
sis (Mallory-Weiss tear or no lesions vs malignant lesions vs all other diagnoses), 
and the presence of stigmata of hemorrhage (no stigmata or dark spot on ulcer vs 
presence of blood, adherent clot, visible/spurting vessel) [36].

In literature, there is not a consensus about which score system is better. In a 
recent study including 335 elderly patients with UGIB, authors found the Rockall 
score to be clinically the most useful for predicting mortality (for complete 
Rockall score: area under ROC curve 0.788, 95% CI 0.726–0.849, p  =  0.001 
[36]) and rebleeding (for complete Rockall score: area under ROC curve 0.787, 
95% CI 0.716–0.859, p = 0.001 [36]) and the GBS to be superior in predicting 
lenght of stay and need for blood transfusion.

31.4  Lower GI Bleeding (LGIB) in Elderly Patients

A LGIB is an Intestinal bleeding from a source distal to the ligament of Treitz. While 
LGIB is less common than UGIB in the general population, the incidence of LGIB is 
higher in the elderly [2], and it is more common in men than in women [37]. One ret-
rospective study estimated a greater than 200-fold increase in the incidence of LGIB 
from the third to the ninth decade of life [13]. This trend is given by the age-associated 
increase in incidence of diverticular hemorrhage, which is the most common cause of 
LGIB in elderly people. Nearly 80% of patients presenting with LGIB will stop bleed-
ing without intervention: however, the recurrence rate can be as high as 25% [38].

31.4.1  Clinical Presentation

LGIB can be acute, occult, or obscure. Acute LGIB presents as melena or hematoche-
zia. The source of melena is most often from the UGI tract, but it may also be from the 
small intestine or right colon. Occult bleeding, usually detected with stool guaiac 
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testing, is the most common presentation of LGIB in the elderly, occurring in 10% of 
adult population. Patients can lose up to 100 mL of blood per day and still have a 
grossly normal appearing stool [37]. Obscure bleeding is a bleeding in which the 
source is difficult to detect on routine endoscopic and radiologic examination.

The onset and pace of LGIB can provide additional clues to the etiology. The 
abrupt onset of painless, hemodynamically significant hematochezia is characteris-
tic of diverticular hemorrhage. Cramping abdominal pain or abdominal tenderness 
suggests colitis. However, common presenting symptoms of LGIB may not be evi-
dent in the elderly. For example, in elderly patients who are taking NSAIDs, abdom-
inal pain may not be present [37].

Anoscopy and digital rectal examination are recommended as a standard compo-
nent of the initial physical examination. Nasogastric intubation and lavage can be 
useful, not only to evaluate for UGIB presenting as rectal hemorrhage but also to 
rapidly purge the bowel in preparation for urgent colonoscopy.

31.4.2  Risk Factors

The increase in incidence of LGIB in the elderly is due to three factors:

• The increased incidence of GI disease specific to elderly patients such as diver-
ticulosis coli, vascular ectasia, ischemic colitis, and colonic neoplasm.

• The presence of comorbidity that are associated with an increased incidence 
and severity of LGIB such as cardiovascular disease, cirrhosis, renal disease, 
diabetes mellitus, and malignancy [39]. Atherosclerotic cardiovascular disease 
affecting the splanchnic circulation is a cause of ischemic disease; atrial fibril-
lation is associated with embolic events leading to ischemic bowel disease, and 
aortic valvular disease is associated with vascular ectasia of the colon. 
Furthermore, after hemorrhage, the presence of serious concurrent illness is 
the second most important factor in predicting mortality among patients with 
LGIB [39].

• Polypharmacy. The use of anticoagulants and NSAIDs increases LGIB risk because 
can cause ulcerations of the small intestine and colon [4].

31.4.3  Etiology

In Western Europe and in the United States, the most common causes of LGIB are 
diverticular disease and vascular ectasia. Less common causes are inflammatory 
disease of the colon, neoplasms, post-polypectomy hemorrhage and hemorrhoids 
[40, 41] (Table 31.2). In Asia, however, the most common causes of LGIB are hem-
orrhoids, anal fissures, and malignant colorectal neoplasms, while diverticulosis 
coli is a remarkably rare cause [42].

In Western Europe and in the United States, the incidence of diverticulosis coli 
increases with age from approximately 5% at the age of 40 to 65% at the age of 85 [43]. 
LGIB occurs in approximately 3–5% of patients with diverticular disease, usually in 
the form of hematochezia [38]. Diverticular hemorrhage can be severe with a 
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morbidity and mortality rate of 10–20%. Fifty to ninety percent of diverticular LGIB 
occurs from right-sided colonic diverticula [44], but diverticula may also arise in the 
small intestine, where they may be a source of obscure bleeding. Diverticular LGIB 
presents as painless acute hematochezia and usually ceases spontaneously, with less 
than 1% of patients requiring greater than four units of blood [43]. However, bleeding 
can become more hemodynamically significant in elderly patients, due to comorbid 
conditions or to the use of anticoagulants or NSAIDs [4].

Vascular ectasia, also termed angiodysplasia, can occur in the colon (especially 
in the cecum) or in the small intestine. It is a degenerative lesion of previously nor-
mal blood vessels, due to repeated episodes of colonic distension associated with 
transient increases in both luminal pressure and size. This results in multiple epi-
sodes of increased wall tension and obstruction of submucosal venous outflow. This 
process leads to dilatation of venules and capillaries with the development of vascu-
lar ectasia [45]. Colonic vascular ectasia is noted in over 25% of asymptomatic 
individuals over the age of 60, and it causes LGIB in 12–40% of patients. The LGIB 
due to vascular ectasia is usually subacute but can be chronic and recurrent or can 
be massive in up to 15% of patients [46, 47].

Inflammatory bowel disease (IBD) has a bimodality distribution, with a second peak 
occurring between the age of 60 and 70. Approximately 15% of all patients with IBD 
develop symptoms after the age of 65. Severe hematochezia is infrequent [48–50].

Ischemic colitis accounts for 3–9% of all cases of LGIB in the elderly [51]. 
Colonic atherosclerosis is almost universal in the elderly and predisposes to isch-
emic colitis (nonocclusive mesenteric ischemia). This is due to a reduced blood 
supply to the colon because of a variety of factors, such as hypotension and vascular 
embolic events. Additional risk factors include vasculitis, dehydration, and the use 
of diuretics and vasoactive agents. Patients often present with lower abdominal 
cramping pain, followed by hematochezia. LGIB is rarely severe. It is often unre-
sponsive to standard colitis treatment and may be complicated by perforation or 
stricture formation that requires surgical intervention [37]. Ischemic colitis is 

Table 31.2 Etiology of LGIB in the elderly 
[3, 37, 40, 41]

Common etiology
Diverticular hemorrhage
Vascular ectasia (telangiectasia)
Inflammatory bowel disease
Neoplasms
Hemorrhoids
Ischemic colitis
Infectious colitis
Drug-associated colitis
Less common etiology
Post-polypectomy bleeding
Stercoral ulcers
Solitary rectal ulcer
Radiation proctitis
Dieulafoy’s lesion
Colorectal varices
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different from both chronic mesenteric ischemia (intestinal angina) and acute mes-
enteric ischemia caused by mesenteric arterial or venous occlusion.

The mortality due to infectious colitis increases with age. LGIB is rarely massive 
in these patients. Hematochezia is noted in less than 10% of cases. The most com-
mon causes in the elderly are Campylobacter, Salmonella, Shigella, E. coli 0157:h7, 
and Clostridium difficile [52–54].

Malignant and benign neoplasm of the colon and rectum are the cause of 10–20% 
of LGIB. LGIB is the initial presenting symptom in up to 26% of patients with 
colorectal neoplasm [55, 56]. Although LGIB from colorectal neoplasms is usually 
occult, it can be massive if there is erosion into a large vessel or if patients take 
anticoagulants or NSAIDs.

LGIB is a complication of colonoscopic polypectomy in 0.7–2.5% of cases, and 
post-polypectomy hemorrhage is the source of LGIB in approximately 3% of 
patients [57–59].

Stercoral ulcers are the result of mucosal damage by hard impacted stool in the 
rectum or by foreign body injury, such as from a rectal tube. Solitary rectal ulcer 
syndrome is due to rectal prolapse and mucosal damage because of constipation and 
straining. These diseases can be a source of massive LGIB in the elderly [60].

Radiation proctitis occurs in people who have undergone radiation therapy for 
prostate, genitourinary, or gynecologic malignancies. It can develop years after 
treatment and can result in either overt rectal hemorrhage or chronic transfusion-
dependent blood loss [3].

31.5  Obscure GI Bleeding (OGIB) in Elderly Patients

In 5% of GIB, the source of hemorrhage is not identified by either colonoscopy or 
esophagogastroduodenoscopy (EGDS), and it is defined as obscure GI bleeding. In 
this situation, the source of the bleeding may be the small intestine, or it may be a 
source in the UGI tract or colon that was not visualized in previous diagnostic attempts.

31.6  Diagnosis

31.6.1  Endoscopy

Endoscopy, including EGDS and colonoscopy, is the diagnostic test of choice for 
GI bleeding and may also allow therapeutic intervention. Both EGDS and colonos-
copy are safe and effective in elderly populations. EGDS allows a diagnosis in over 
90% of patients [61], while colonoscopy in the setting of acute LGIB has an accu-
racy that ranges from 72 to 86% with a cecal intubation achieved in 95% of patients 
[62–64]. Both the exams require conscious sedation that is generally well tolerated 
in elderly patients. According to recent studies, midazolam is successfully toler-
ated but can cause desaturation in geriatric patients [65]. Furthermore, elderly 
patients may also be at increased risk of aspiration and of perforation during 
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endoscopy. The presence of certain anatomic lesions such as Zenker’s diverticulum 
or cervical spine osteophytes can increase the risk of perforation. Then it is neces-
sary to pay particular attention when performing endoscopic exams in these kinds 
of patients. It is necessary to continuously monitor the vital signs because older 
patients may experience an unexpected respiratory arrest that may necessitate 
emergent endotracheal intubation. Current guidelines from the American Society 
for Gastrointestinal Endoscopy recommend heightened attention to the dose and to 
the effects of standard sedatives used during endoscopic procedures on the elderly. 
They also emphasize the importance of lower initial dose of sedatives with more 
gradual titration [2].

Regarding colon preparation, polyethylene sulfate purge causes less associated 
water and electrolyte abnormalities and may be preferable to saline purge in 
elderly patients with comorbid renal or cardiovascular disease. If the patient is 
unable to take the purgative by mouth, the placement of a nasogastric tube is 
necessary.

31.6.2  Angiography

Angiography allows the localization of the bleeding source when the rate is as low 
as 0.5–1 mL/min. The accuracy of this test is 27–77% for bleeding localization, 
depending on the series [37]. This procedure is safe and well tolerated in elderly 
patients. Adverse events can be correlated to complications in the puncture site, 
such as bleeding, hematomas, and pseudoaneurysms, especially in patients who 
take anticoagulant or antiplatelet medications. Another adverse event is acute kid-
ney injury (AKI) associated with the administration of iodinated intravenous con-
trast, especially in patients with comorbid renal diseases and diabetes mellitus and 
in patients with dehydration prior to the procedure. Interventions to reduce this 
adverse event include administration of acetylcysteine and bicarbonate fluid hydra-
tion. In recent studies, acetylcysteine was shown to provide minimal protection 
from AKI, while bolus infusion of sodium bicarbonate, in addition to standard 
hydration, may decrease AKI [2]. Angiography possesses the added benefit of 
potential therapeutic intervention, with angioembolization and vasopressin 
injection.

31.6.3  Computed Tomographic Scanning

Contrast-enhanced multidetector-row helical computed tomography (MDCT) scan-
ning has been reported to detect bleeding rates as low as 0.4 mL/min [66]. It has the 
advantage of being noninvasive and widely available and avoids the risks associated 
with arterial puncture. However, MDCT has the disadvantage of complications 
related to the use of intravenous contrast and radiation exposure. Furthermore, it 
doesn’t allow for a therapeutic intervention.
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31.6.4  Nuclear Medicine

Nuclear scintigraphy involves Tc-99m-labeled red blood cells or Tc-99m sulfur col-
loid and has the ability to detect bleeding rates as low as 0.1–0.5 mL/min, although 
the sensitivity of the test may vary among institutions. The accuracy of this test is 
24–78%, depending upon the series [37]. Its advantages are the noninvasiveness and 
its sensitivity for very slow bleeding, but, like MDCT, it doesn’t allow a therapeutic 
intervention. The often-intermittent nature of some kinds of hemorrhagic lesions 
means that scintigraphy, MDCT, and angiography can fail to detect the culprit lesion 
in some patients. Up to 25% of patients with LGIB and a negative scintigraphy 
result, will experience recurrent bleeding [67, 68].

31.6.5  CT Enterography

CT enterography utilizes orally delivered, neutral contrast material which improves 
the visualization of pathology within the lumen of the intestine. With this method, 
active hemorrhage can be visualized more easily than with traditional CT. In addi-
tion to the adverse effects related to CT, the large volume of oral contrast liquids 
necessary for the procedure exposes elderly patients to the risk of aspiration.

31.6.6  Capsule Endoscopy

Capsule endoscopy is useful in small bowel exploration and in identifying the 
source of small bowel blood loss [69]. This test is safe and well tolerated in 
the elderly. Inability to swallow the capsule, battery failure before capsule reaches 
the cecum, and capsule retention are some of the important problems associated 
with this procedure in elderly as well as in younger patients [70]. Unfortunately, 
this exam is purely diagnostic, and it doesn’t allow for any kind of intervention.

31.7  Management

The primary goals in treating elderly patients with gastrointestinal bleedings are 
adequate resuscitation, localization of the cause of hemorrhage, and control of the 
bleeding source.

31.7.1  Adequate Resuscitation

The initial assessment should include evaluation of the airway, breathing, and circula-
tion. With significant hemorrhage, the monitoring of vital signs and the presence of 
two large venous accesses are necessary. The physical examination should begin with 

31 Upper and Lower Gastrointestinal Bleeding



438

an assessment of hemodynamics (arterial pressure, heart rate, capillary refilling, 
peripheral vasoconstriction signs), including postural changes. ABG (with pH, pO2, 
pCO2, lactates, and BE assessment) should be obtained. Particular attention should be 
made in the evaluation of the hemodynamic status of patients who take beta-blocker 
medications or have pacemaker, which can be misleading. Adequate fluid resuscita-
tion is necessary, and this should be undertaken prior to endoscopy, to minimize com-
plication. Hypotension at presentation is associated with high mortality among elderly 
people who present with peptic ulcer hemorrhage, and early aggressive resuscitation 
decreases mortality [71, 72]. International consensus guidelines for the management 
of non-variceal UGIB suggest a threshold of 90 or 100 g/L for transfusion in elderly 
patients with underlying cardiac disease [30]. A nasogastric tube may be placed and 
saline lavage performed. It is important to consider that approximately 10–15% of 
patients presenting with hematochezia may have an upper GI source of bleeding. 
Therefore, it is important to rule out an upper GI bleeding source also in patients pre-
senting apparent LGIB. A nasogastric lavage should be performed, also in elderly 
patients presenting with a hematochezia, and if the lavage is positive for blood or if 
there is a suspicion of UGIB, an upper GI endoscopy should be performed as the first 
endoscopic exam. A Foley catheter should be placed to monitor urine output, and, in 
the suspicion of UGIB, high-dose IPP should be infused. Airway protection is of pri-
mary importance in elderly people during resuscitation, then all patients should be 
administered with supplementary oxygen, the head of the bed should remain elevated, 
and prophylactic intubation should be considered in selected cases.

Medical history collected should include prior GI bleeding, previous abdominal 
surgery, medications taken (aspirin, antiplatelet and anticoagulant medications, 
NSAID), and comorbid conditions (particularly cardiovascular or pulmonary dis-
ease). Then physical findings of chronic liver disease, portal hypertension, and 
altered coagulation should be sought.

Laboratory evaluation should include complete blood count, serum electrolytes, 
coagulation parameters, and liver biochemical tests. Thromboelastography (TEG) 
and thromboelastometry (TEM) can be useful in providing detailed and rapidly 
available information about coagulation abnormalities of the patient, especially in 
patients in therapy with newer antithrombotic medications. It is necessary to rapidly 
correct the coagulopathy and prevent large-volume infusions that may be problem-
atic in patients with cardiopulmonary comorbid conditions. Consensus guidelines on 
UGIB recommend correction of abnormal coagulation as soon as possible, although 
endoscopy should not be delayed unless INR is above the therapeutic range [30].

Resuscitation efforts are a cornerstone in the successful management of patients 
with acute GI bleeding. In the majority of cases, LGIB stops spontaneously with 
appropriate resuscitation and supportive care [37].

An important aspect to remember is that age is clearly associated with higher 
mortality largely because of comorbidities. A recent population-based study showed 
that most UGIB-related deaths are due to non-bleeding causes (79.9%) as opposed 
to bleeding causes (18.4%) [30]. Therefore, it is important to manage these patients 
focusing on both controlling hemorrhage and providing general supportive care 
from the outset.
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31.7.2  Localization and Control of the Bleeding Source

31.7.2.1  Endoscopy
In contrast to UGIB, in which EGDS is typically the diagnostic and therapeutic 
modality of choice, the range of diagnostic modalities more frequently used in 
patients with LGIB includes endoscopic, radiologic, and angiographic options. 
However, endoscopy is the primary diagnostic and therapeutic modality for both 
UGIB and LGIB in hemodynamically stable patients or in patients that have been 
hemodynamically resuscitated. Timing of upper GI endoscopy for non-variceal 
bleeding was studied. Evidences suggested that EGDS should be performed in an 
urgent, but not emergent, fashion. Endoscopy within the first 24 h from admission 
is safe, and more urgent endoscopy doesn’t offer additional benefits [73, 74]. EGDS 
can identify the stigmata connoting a high risk of rebleeding or continued hemor-
rhage: presence of spurting vessel, adherent clot, visible vessel, and ulcer greater 
than 2 cm [3]. In these patients, endoscopic therapy can reduce risk of rebleeding 
and mortality [3]. If rebleeding occurs, most guidelines for non-variceal UGIB rec-
ommend a repeat endoscopy in the first instance, with treatment of bleeding lesions.

Concerning LGIB there is no consensus for the optimal timing for colonoscopy. 
Adequate visualization during colonoscopy requires bowel preparation which was 
shown to be safe and effective during acute GI bleeding [75, 76]. However, colonos-
copy performed within the first 24 h from admission may offer benefits by providing 
a definitive diagnosis in up to 96% of patients [77]. If the source of bleeding cannot 
be controlled during colonoscopy, the bleeding site should be marked with ink tat-
tooing in order to allow the surgeon to identify the portion of colon for resection 
during surgery.

Endoscopy allows treating the source of bleeding using mechanical clipping, 
electrical coagulation, or injection of epinephrine. A combined therapy with epi-
nephrine injection followed by mechanical methods of hemostasis is superior in 
preventing rebleeding than either of these methods alone [30].

31.7.2.2  Angiographic Embolization
Another therapeutic option in hemodynamically stable patients is angiographic embo-
lization, which is highly effective with bleeding controlled in 80–90% of patients [78, 
79]. Adverse effects include contrast-induced nephropathy and bowel ischemia that 
has an incidence of 5% and can result in necrosis and perforation [80]. Catheter-
directed infusion of vasopressin may be used to treat bleeding where arterial emboli-
zation is not an ideal choice. However, this procedure has a rebleeding rate of 50% 
[81], and it is not recommended in elderly patients with severe coronary artery disease 
or cardiac arrhythmias and may also cause bowel ischemia [2]. Rebleeding after arte-
rial embolization is infrequent, and it can be treated with further embolization. Arterial 
embolization should be considered as an alternative to surgery, especially in patients 
with high risk of poor surgical outcomes because of advanced age or significant 
comorbidities. However, a recent meta-analysis showed that there were no significant 
differences in rebleeding or mortality between surgery and embolization, despite 
increased age and comorbidities in the embolization group [30].
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In a randomized trial, 100 patients with LGIB were randomly allocated to urgent 
colonoscopy or to technetium-labeled red blood cell scintigraphy followed by angiog-
raphy. Colonoscopic therapy was delivered to 17 patients, whereas angiographic ther-
apy was performed in 10 patients. There were no differences between the groups for 
rebleeding rates, transfusion requirements, or the need for emergency surgery [68].

31.7.2.3  Surgery
Indications to surgery in patients with gastrointestinal bleeding are:
 – hemodynamic instability
 – failure of endoscopy and angiography in controlling bleeding
 – transfusion of 4-6 units of blood in 24 hours for LGIB. 

Emergent surgery for UGIB has a high rate of morbidity in the elderly [82]. If bleed-
ing is suspected to be caused by a gastric source, an anterior gastrotomy should be 
performed with ligation of the bleeding source. In case of unlocalized UGIB, gastric 
devascularization (ligation of the blood supply to the stomach with the exception of 
the short gastric vessel) can be performed. If the bleeding source is the duodenum, 
a gastroduodenostomy with oversewing of the bleeding vessel is recommended. In 
LGIB, segment resection of colon marked by previous endoscopy or identified by a 
previous angiography is the treatment of choice. Subtotal colectomy may be 
required if the specific location of the bleeding source cannot be localized, like in 
patients who have pancolonic diverticular disease. Mortality rates for patients 
undergoing subtotal colectomy remain high, ranging from 20 to 35% [83, 84], and 
it’s higher in elderly people (37% in patients >70  years old vs 21% in patients 
<70 years old [85]). Every efforts should be made to identify the bleeding source 
prior to referral for surgery. Blind segmental resection is associated with very high 
rebleeding and mortality rates of 47% and 57%, respectively [37].

31.7.2.4  Concomitant Medical Therapy
Endoscopic therapy combined with PPI administration results in lower rebleeding 
rates, shorter hospital stay, lower need of transfusion, and mortality than with endo-
scopic therapy alone [3, 30]. For patients with proven high-risk endoscopic stig-
mata, the recommended regimen for intravenous PPIs is omeprazole (or 
pantoprazole) 80  mg bolus, followed by 8  mg/h for 72  h. Lower doses of PPIs 
reduce rebleeding but do not affect mortality [30]. If there is no bleeding after 72 h, 
PPI intravenous therapy can be switched to oral [30].

It is usually recommended that aspirin and clopidogrel are discontinued after UGIB; 
however, prolonged discontinuation can increase cardiovascular and cerebrovascular 
risk. One randomized trial [86] suggested that immediate reintroduction of aspirin is 
associated with a twofold increase in the risk of recurrent bleeding but discontinuation 
was associated with increased 8-week cardiovascular mortality. Therefore, the decision 
to discontinue or reintroduce aspirin should be individualized.

The prevalence of H pylori infection in patients with peptic ulcer aged over 
65 years has been reported to be in the range of 58–78% [87]. In a prospective study, 
eradication of H. pylori infection significantly improved long-term clinical out-
comes of peptic ulcer disease in the elderly [88].
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