


Anesthetic Care for 
Abdominal Surgery
Editors

TIMOTHY E. MILLER
MICHAEL J. SCOTT

www.anesthesiology.theclinics.com

Consulting Editor
LEE A. FLEISHER

March 2015 • Volume 33 • Number 1

ANESTHESIOLOGY 
CLINICS



ELSEVIER

1600 John F. Kennedy Boulevard � Suite 1800 � Philadelphia, Pennsylvania, 19103-2899

http://www.theclinics.com

ANESTHESIOLOGY CLINICS Volume 33, Number 1

March 2015 ISSN 1932-2275, ISBN-13: 978-0-323-35649-7

Editor: Jennifer Flynn-Briggs

Developmental Editor: Susan Showalter

� 2015 Elsevier Inc. All rights reserved.

This periodical and the individual contributions contained in it are protected under copyright by Elsevier, and the

following terms and conditions apply to their use:

Photocopying

Single photocopies of single articlesmaybemade for personal use as allowedby national copyright laws. Permission of the

Publisher and payment of a fee is required for all other photocopying, including multiple or systematic copying, copying for

advertising or promotional purposes, resale, and all forms of document delivery. Special rates are available for educational

institutions that wish to make photocopies for non-profit educational classroom use. For information on how to seek per-

mission visit www.elsevier.com/permissions or call: (+44) 1865 843830 (UK)/(+1) 215 239 3804 (USA).

Derivative Works

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal circulation within

their institutions. Permission of the Publisher is required for resale or distribution outside the institution. Permission of the

Publisher is required for all other derivative works, including compilations and translations (please consult www.elsevier.

com/permissions).

Electronic Storage or Usage

Permission of the Publisher is required to store or use electronically any material contained in this periodical, including any

article or part of an article (please consult www.elsevier.com/permissions). Except as outlined above, no part of this publica-

tionmay be reproduced, stored in a retrieval systemor transmitted in any formor by anymeans, electronic,mechanical, pho-

tocopying, recording or otherwise, without prior written permission of the Publisher.

Notice

No responsibility is assumed by the Publisher for any injury and/or damage to persons or property as a matter of prod-

ucts liability, negligence or otherwise, or from any use or operation of any methods, products, instructions or ideas con-

tained in the material herein. Because of rapid advances in the medical sciences, in particular, independent verification

of diagnoses and drug dosages should be made.

Although all advertising material is expected to conform to ethical (medical) standards, inclusion in this publication does

not constitute a guarantee or endorsement of the quality or value of such product or of the claims made of it by its

manufacturer.

Anesthesiology Clinics (ISSN 1932-2275) is published quarterly by Elsevier Inc., 360 Park Avenue South, New York, NY

10010-1710. Months of issue are March, June, September, and December. Periodicals postage paid at New York, NY

and at additional mailing offices. Subscription prices are $160.00 per year (US student/resident), $330.00 per year (US in-

dividuals), $400.00 per year (Canadian individuals), $533.00 per year (US institutions), $674.00 per year (Canadian institu-

tions), $225.00 per year (Canadian and foreign student/resident), $455.00 per year (foreign individuals), and $674.00 per

year (foreign institutions).To receive studentand resident rate, ordersmustbeaccompaniedbynameofaffiliated institution,

date of term, and the signatureofprogram/residencycoordinator on institutions letterhead.Orderswill bebilledat individual

rate until proof of status is received. Foreign air speed delivery is included in all Clinics’ subscription prices. All prices

are subject to change without notice. POSTMASTER: Send address changes to Anesthesiology Clinics, Elsevier Health

Sciences Division, Subscription Customer Service, 3251 Riverport Lane, Maryland Heights, MO 63043. Customer Service

(orders, claims, online, change of address): Elsevier Health Sciences Division, Subscription Customer Service, 3251 River-

port Lane,MarylandHeights,MO63043. Tel:1-800-654-2452 (U.S. andCanada); 314-447-8871 (outsideU.S.andCanada).

Fax: 314-447-8029. E-mail: journalscustomerservice-usa@elsevier.com (for print support); journalsonlinesupport-usa@

elsevier.com (for online support).

Reprints. For copies of 100 or more of articles in this publication, please contact the Commercial Reprints Department,

Elsevier Inc., 360 Park Avenue South, New York, NY 10010-1710. Tel.: 212-633-3874; Fax: 212-633-3820; E-mail:

reprints@elsevier.com.

Anesthesiology Clinics, is also published in Spanish by McGraw-Hill Inter-americana Editores S. A., P.O. Box 5-237,

06500 Mexico D. F., Mexico.

Anesthesiology Clinics, is covered in MEDLINE/PubMed (Index Medicus), Current Contents/Clinical Medicine, Excerpta

Medica, ISI/BIOMED, and Chemical Abstracts.

Printed in the United States of America.

http://www.elsevier.com/permissions
http://www.elsevier.com/permissions
http://www.elsevier.com/permissions
http://www.elsevier.com/permissions
mailto:journalsonlinesupport-usa@elsevier.com
mailto:journalsonlinesupport-usa@elsevier.com
http://www.theclinics.com
mailto:reprints@elsevier.com
mailto:journalscustomerservice-usa@elsevier.com


Anesthetic Care for Abdominal Surgery
Contributors
CONSULTING EDITOR

LEE A. FLEISHER, MD, FACC, FAHA,
Robert D. Dripps Professor and Chair of Anesthesiology and Critical Care, Professor of
Medicine, Perelman School of Medicine, University of Pennsylvania School of Medicine,
Philadelphia, Pennsylvania
EDITORS

TIMOTHY E. MILLER, MB ChB, FRCA
Assistant Professor, Department of Anesthesiology, Duke University Medical Center,
Durham, North Carolina

MICHAEL J. SCOTT, MB ChB, MRCP, FRCA, FFICM
Consultant in Anesthesia and Intensive Care Medicine, Department of Anesthesia and
Perioperative Medicine, Royal Surrey County Hospital NHS Foundation Trust; Senior
Fellow, Surrey Peri-operative Anesthesia Critical care Research Group (SPACeR), Faculty
of Health and Medical Sciences, University of Surrey, Guildford, Surrey, United Kingdom
AUTHORS

GABRIELE BALDINI, MD, MSc
Anesthesiologist, Assistant Professor, Department of Anesthesia, Montreal General
Hospital, McGill University Health Centre, Montreal, Quebec, Canada

JEANETTE R. BAUCHAT, MD
Assistant Professor of Anesthesiology, Northwestern University, Feinberg School of
Medicine, Chicago, Illinois

COLIN B. BERRY, MBBS, FRCA
Consultant in Anaesthesia, Exeter, United Kingdom; Lead, Royal College of Anaesthetists
Perioperative Medicine Standards and Service Design Group, London, United Kingdom

FRANCESCO CARLI, MD, MPhil, FRCA, FRCPC
Department of Anesthesia, McGill University, Montreal, Quebec, Canada

ADAM CARNEY, MA, MB BChir, MRCP, FRCA
Consultant Anaesthetist, Department of Anaesthesia, Nottingham University Hospitals
NHS Trust, Nottingham, United Kingdom

JAMES O.B. COCKCROFT, MB ChB, FRCA
Registrar in Anaesthesia, Royal Devon & Exeter Hospital, Exeter, United Kingdom

MARK O. DAUGHERTY, MBBCh, FRCA
Lead Anaesthetist for Enhanced Recovery and Robotic Surgery in Urology; Consultant in
Anaesthesia, Exeter, United Kingdom



Contributorsiv
MATT DICKINSON, MBBS, MSc, FRCA, FFICM
Consultant Anaesthetist, Department of Anaesthesia, Perioperative Medicine and Pain,
Royal Surrey County Hospital NHS Foundation Trust, Guildford, Surrey, United Kingdom

WILLIAM J. FAWCETT, MB BS, FRCA, FFPMRCA
Consultant in Anesthesia and Pain Medicine, Royal Surrey County Hospital; Senior
Fellow, Postgraduate School, University of Surrey, Guildford, United Kingdom

MICHAEL P.W. GROCOTT, MB BS, MD, FRCA, FRCP, FFICM
Professor, Integrative Physiology and Critical Illness Group, Clinical and Experimental
Sciences, Faculty of Medicine, University of Southampton; Critical Care Research Area,
Southampton NIHR Respiratory Biomedical Research Unit; Anaesthesia and Critical Care
Research Unit, University Hospital Southampton NHS Foundation Trust, Southampton,
United Kingdom

ASHRAF S. HABIB, MBBCh, MSc, MHSc, FRCA
Associate Professor of Anesthesiology, Duke University Medical Center, Durham, North
Carolina

DENNY Z.H. LEVETT, BM, BCh, PhD, MRCP, FRCA
Integrative Physiology and Critical Illness Group, Clinical and Experimental Sciences,
Faculty of Medicine, University of Southampton; Critical Care Research Area,
Southampton NIHR Respiratory Biomedical Research Unit; Anaesthesia and Critical Care
Research Unit, University Hospital Southampton NHS Foundation Trust, Southampton,
United Kingdom

DILEEP N. LOBO, MS, DM, FRCS, FACS, FRCPE
Professor of Gastrointestinal Surgery, Nottingham Digestive Diseases Centre National
Institute for Health Research Biomedical Research Unit, Nottingham University Hospitals,
Queen’s Medical Centre, Nottingham, United Kingdom

JOHN S. McGRATH, BMBS, FRCS, MD
National Adviser to NHS England for Enhanced Recovery; Consultant in Urology, Exeter
Health Services Research Unit, Exeter, United Kingdom

TIMOTHY E. MILLER, MB ChB, FRCA
Assistant Professor, Department of Anesthesiology, Duke University Medical Center,
Durham, North Carolina

GARY MINTO, MB ChB, FRCA
Consultant, Department of Anaesthesia & Perioperative Medicine, Plymouth Hospitals
NHS Trust, Honorary Senior Lecturer, Plymouth University Peninsula School of Medicine,
Plymouth, United Kingdom

CAROL PEDEN, MB ChB, MD, FRCA, FFICM, MPH
Consultant in Anaesthesia & Intensive Care Medicine, Royal United Hospital, Bath, United
Kingdom

JAMES PRENTIS, MBBS, FRCA
Consultant Anaesthetist, Department of Perioperative and Critical Care Medicine,
Freeman Hospital, Newcastle upon Tyne, United Kingdom

KARTHIK RAGHUNATHAN, MD MPH
Assistant Professor, Anesthesiology Service, Durham VAMedical Center, Duke University
Medical Center, Durham, North Carolina



Contributors v
CELENA SCHEEDE-BERGDAHL, MSc, PhD
Department of Anesthesia, McGill University; Department of Kinesiology and Physical
Education, McGill University, Montreal, Quebec, Canada

MICHAEL J. SCOTT, MB ChB, MRCP, FRCA, FFICM
Consultant in Anesthesia and Intensive Care Medicine, Department of Anesthesia and
Perioperative Medicine, Royal Surrey County Hospital NHS Foundation Trust; Senior
Fellow, Surrey Peri-operative Anesthesia Critical care Research Group (SPACeR), Faculty
of Health and Medical Sciences, University of Surrey, Guildford, Surrey, United Kingdom

MANDEEP SINGH, MD
Division of Anesthesiology and Critical Care Medicine, Duke University Medical Center,
Durham, North Carolina

CHRIS SNOWDEN, BMedSci (Hons), MBBS, FRCA, MD
Consultant Anaesthetist, Department of Perioperative and Critical Care Medicine,
Freeman Hospital; Honorary Senior Lecturer, Institute of Cellular Medicine, The Medical
School, University of Newcastle upon Tyne, Newcastle upon Tyne, United Kingdom



Anesthetic Care for Abdominal Surgery
Contents
Foreword: Anesthetic Care for Abdominal Surgery xiii

Lee A. Fleisher
Preface: Enhanced Recovery and the Changing Landscape of Major
Abdominal Surgery xv

Timothy E. Miller and Michael J. Scott
Cardiopulmonary Exercise Testing for Risk Prediction in Major Abdominal Surgery 1

Denny Z.H. Levett and Michael P.W. Grocott
Reduced exercise capacity is associated with increased postoperative
morbidity and mortality. Variables derived from cardiopulmonary exercise
testing (CPET) can be used to risk stratify patients and in the future may be
combined with other risk predictors to improve outcome prediction. CPET
results can be used to improve the process of informed consent and thus
contribute to collaborative decision making. CPET can be used to guide
the choice of surgical procedure and decide on the most appropriate post-
operative care environment. In the future, CPET may also be used to guide
prehabilitation training programs, improving fitness and thereby reducing
perioperative risk.
Prehabilitation to Enhance Perioperative Care 17

Francesco Carli and Celena Scheede-Bergdahl
Patients who are elderly, malnourished, anxious, and have a low physical
function before surgery are likely to have suboptimal recovery from cancer
surgery. A multimodal prehabilitation program is proposed, consisting of
exercise training and nutritional and psychological support, which in-
creases physiologic reserve before the stress of surgery. This interven-
tional approach seems to improve ability to undergo the stress of
surgery and faster recovery. The integration of exercise, adequate nutri-
tion, and psychosocial components, with medical and pharmacologic
optimization in the presurgical period, deserves to receive more attention
by clinicians to elucidate the most effective interventions.
Monitoring Needs and Goal-directed Fluid Therapy Within an Enhanced Recovery
Program 35

Gary Minto, Michael J. Scott, and Timothy E. Miller
Patients having major abdominal surgery need perioperative fluid supple-
mentation; however, enhanced recovery principles mitigate against many
of the factors that traditionally led to relative hypovolemia in the perioper-
ative period. An estimate of fluid requirements for abdominal surgery can
be made but individualization of fluid prescription requires consideration of
clinical signs and hemodynamic variables. The literature supports goal-
directed fluid therapy. Application of this evidence to justify stroke volume
optimization in the setting of major surgery within an enhanced recovery



Contentsviii
program is controversial. This article places the evidence in context, re-
views controversies, and suggests implications for current practice and
future research.
Fluid Management in Abdominal Surgery: What, When, and When Not
to Administer 51

Karthik Raghunathan, Mandeep Singh, and Dileep N. Lobo
The entire team (including anesthesiologists, surgeons, and intensive care
physicians) must work together (before, during, and after abdominal sur-
gery) to determine the optimal amount (quantity) and type (quality) of fluid
necessary in the perioperative period. The authors present an overview of
the basic principles that underlie fluid management, including evidence-
based recommendations (where tenable) and a rational approach for
when and what to administer.
Optimal Analgesia During Major Open and Laparoscopic Abdominal Surgery 65

William J. Fawcett and Gabriele Baldini
Optimal analgesia is a key element of enhanced recovery after surgery
(ERAS), not only for humanitarian reasons but also because poorly relieved
surgical pain contributes to surgical stress and impairs recovery. A multi-
modal analgesic approach is advised in order to provide adequate anal-
gesia, reduce opioid consumption, reduce side effects and facilitate the
achievement of ERAS milestones. For open surgery, a thoracic epidural
for 48 to 72 hours, with regular acetaminophen and antiinflammatories is
probably the treatment of choice. For laparoscopic surgery, intrathecal
or local anesthesia in the wound combined with regular acetaminophen
and antiinflammatory drugs is effective.
Pathophysiology of Major Surgery and the Role of Enhanced Recovery
Pathways and the Anesthesiologist to Improve Outcomes 79

Michael J. Scott and Timothy E. Miller
Enhanced recovery pathways have been increasingly adopted into surgi-
cal specialties with the aim of reducing the stress response and improving
the metabolic response to surgical insult. Enhanced recovery pathways
encompass a large range of perioperative elements that together aim to
restore a patient’s gut function, mobility, function and well-being to preop-
erative levels as soon as feasible after major surgery. There is increasing
evidence that rapid recovery and return to normal function reduces com-
plications. This may not just have a benefit by reducing morbidity and mor-
tality but also have an effect on long-term survival. There also may be
additional benefits for patients with cancer.
Anesthesia for Colorectal Surgery 93

Gabriele Baldini and William J. Fawcett
Anesthesiologists play a pivotal role in facilitating recovery of patients un-
dergoing colorectal surgery, as many Enhanced Recovery After Surgery
(ERAS) elements are under their direct control. Successful implementation
of ERAS programs requires that anesthesiologists become more involved



Contents ix
in perioperative care and more aware of the impact of anesthetic tech-
niques on surgical outcomes and recovery. Key to achieving success is
strict adherence to the principle of aggregation of marginal gains. This
article reviews anesthetic and analgesic care of patients undergoing elec-
tive colorectal surgery in the context of an ERAS program, and also dis-
cusses anesthesia considerations for emergency colorectal surgery.
Anesthesia for Hepatobiliary Surgery 125

Chris Snowden and James Prentis
Hepatobiliary surgery outcomes have significantly improved since the
early 1970s. Surgical and anesthetic advances related to patient selection,
alternative surgical management options, and reduction of operative blood
loss have been important. Postoperative analgesic regimens are being
modified to include intrathecal opiates and to embrace enhanced recovery
regimens.
Anesthesia for Esophagectomy 143

Adam Carney and Matt Dickinson
Esophagectomy is a high-risk operation with significant perioperative
morbidity and mortality. Attention to detail in many areas of perioperative
management should lead to an aggregation of marginal gains and
improvement in postoperative outcome. This review addresses preopera-
tive assessment and patient selection, perioperative care (focusing on pul-
monary prehabilitation, ventilation strategies, goal-directed fluid therapy,
analgesia, and cardiovascular complications), minimally invasive surgery,
and current evidence for enhanced recovery in esophagectomy.
Anesthesia for Major Urologic Surgery 165

James O.B. Cockcroft, Colin B. Berry, John S. McGrath, and Mark O. Daugherty
This article details the anesthetic management of robot-assisted and lapa-
roscopic urologic surgery. It includes the key concerns for anesthetists
and a guide template for those learning this specialist area. The emphasis
is on the principles of enhanced recovery, the preoperative and risk
assessments, as well as the specific management plans to reduce the inci-
dence of complications arising as a result of the prolonged pneumoperito-
neum and steep head-down positions necessary for most of these
procedures.
Evidence-Based Anesthesia for Major Gynecologic Surgery 173

Jeanette R. Bauchat and Ashraf S. Habib
Studies on enhanced recovery after gynecological surgery are limited but
seem to report outcome benefits similar to those reported after colorectal
surgery. Regional anesthesia is recommended in enhanced recovery pro-
tocols. Effective regional anesthetic techniques in gynecologic surgery
include spinal anesthesia, epidural analgesia, transversus abdominis plane
blocks, local anesthetic wound infusions and intraperitoneal instillation
catheters. Non-opioid analgesics including pregabalin, gabapentin,
NSAIDs, COX-2 inhibitors, and paracetamol reduce opioid consumption
after surgery. This population is at high risk for PONV, thus, a multimodal



Contentsx
anti-emetic strategy must be employed, including strategies to reduce the
baseline risk of PONV in conjunction with combination antiemetic therapy.
Anesthesia for Emergency Abdominal Surgery 209

Carol Peden and Michael J. Scott
Emergency abdominal surgery has a high mortality, with an incidence of
around 15% for all patients. Mortality in elderly patients is up to 25%,
and 1-year mortality for emergent colorectal resection for patients over
80 years is around 50%. Patients presenting to hospital are often given
low priority. Definitive surgery is not always possible and it may be more
important to control the septic focus and to revisit surgery later. The liter-
ature is poor for such a common procedure, but there is evidence that a
standardized pathway focusing on rapid diagnosis; resuscitation; sepsis
treatment; and, if appropriate, urgent surgery followed by admission to
intensive care improves outcomes.
Index 223



Anesthetic Care for Abdominal Surgery xi
ANESTHESIOLOGY CLINICS
FORTHCOMING ISSUES

June 2015
Airway Management
Lynette Mark, Marek A. Mirski, and
Paul W. Flint, Editors

September 2015
Geriatric Anesthesia
Mark D. Neuman and Charles Brown,
Editors

December 2015
Value-Based Care
Lee A. Fleisher, Editor
RECENT ISSUES

December 2014
Orthopedic Anesthesiology
Nabil M. Elkassabany and
Edward R. Mariano, Editors

September 2014
Vascular Anesthesia
Charles Hill, Editor

June 2014
Ambulatory Anesthesiology
Jeffrey L. Apfelbaum
and Thomas W. Cutter, Editors

March 2014
Pediatric Anesthesiology
Alan Jay Schwartz, Dean B. Andropoulos,
and Andrew Davidson, Editors
RELATED INTEREST

Orthopedic Clinics of North America, January 2015 (Vol. 46, Issue 1)
NOWAVAILABLE FORYOUR iPhone and iPad



Anesthetic Care for Abdominal Surgery
Foreword
Anesthetic Care for Abdominal

Surgery
Lee A. Fleisher, MD

Consulting Editor
With the recent interest in providing value in surgical care, enhanced recovery after sur-
gery protocols and the perioperative management of the patient undergoing colorectal
surgery has taken on increasing importance. This is particularly true given the recent
interest in the Perioperative Surgical Home. In addition, there have been changes in
the manner in which anesthesiologists provide care for a group of other abdominal sur-
geries. In this issue of Anesthesiology Clinics, a remarkable group of international
experts in the field has written outstanding reviews to help all of us provide state-of-
the-art value-based care.
In choosing an editor for an abdominal surgery issue, it was easy to choose two

outstanding contributors to this field. Dr. Timothy Miller is currently Assistant Professor
of Anesthesiology at Duke University. Dr. Michael Scott is a Consultant in Anaesthesia
and Intensive Care Medicine at the Royal Surrey County Hospital NHS Foundation
Trust and Senior Fellow at the University of Surrey. Given their expertise, they are
well qualified to edit this important issue.

Lee A. Fleisher, MD
Perelman School of Medicine

University of Pennsylvania
Philadelphia, PA 19104, USA

E-mail address:
lee.fleisher@uphs.upenn.edu
Anesthesiology Clin 33 (2015) xiii
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Anesthetic Care for Abdominal Surgery
Preface
Enhanced Recovery and the

Changing Landscape of Major

Abdominal Surgery
Timothy E. Miller, MB ChB,
FRCA
Anesthesiology Clin 33 (2015) xv
http://dx.doi.org/10.1016/j.anclin
1932-2275/15/$ – see front matte
Michael J. Scott, MB ChB,
MRCP, FRCA, FFICM
Editors
This issue of Anesthesiology Clinics focuses on the anesthetic management and peri-
operative care pathway for patients undergoing major abdominal surgery. The last
decade has seen increasing recognition that a properly planned and managed periop-
erative care pathway can improve outcomes after major surgery. There has also been
widespread adoption of minimally invasive surgical techniques (both laparoscopic and
robotic) that when effectively utilized have contributed to accelerated recovery bymini-
mizing surgical injury. When both are done well, it leads to a very short length of stay for
surgical procedures that were once performed using open surgical techniques with
high morbidity and mortality.
The development of Enhanced Recovery Pathways (ERPs), first in colorectal surgery

and now increasingly across all elective surgical specialties, has lead to the develop-
ment of patient-focused multidisciplinary teams consisting of anesthesiologists, sur-
geons, physicians, nurses, physiotherapists, and dieticians, all of whom contribute
to improving the outcome for patients. ERPs aim to deliver evidence-based practice
(and practice-based evidence) across a multitude of treatment elements to reduce
the stress response and improve the metabolic response to major surgery. There is
increasing evidence this in turn shortens length of stay, reduces complications and
costs, and improves long-term outcomes. The ERAS Society has been the first to pub-
lish guidelines in a variety of specialties with the aim of reviewing and updating the
evidence base in three yearly cycles. Already we have seen significant shifts in evi-
dence base, such as the move away of using epidural anesthesia in laparoscopic colo-
rectal surgery. Medicine moves fast and we must all move with it!
In this issue, we have started with two articles focusing on prehabilitation and

assessment for major surgery using cardiopulmonary exercise testing. We then have
–xvi
.2014.12.001 anesthesiology.theclinics.com
r � 2015 Published by Elsevier Inc.
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Prefacexvi
an article that outlines the effects an ERP has on the pathophysiology during major
surgery, before moving on to articles on abdominal surgical specialties, with the
emphasis on surgery within modern ERAS protocols. There are specific articles on
fluids and analgesia because they are the two key elements that are delivered by
anesthesiologists that, combined with minimally invasive surgery, have a major effect
on producing optimal outcomes. We end with an article on Emergency Surgery, which
is an area that until recently patients have been very poorly served by, but there are
exciting developments with pathways improving care—combining Enhanced Recov-
ery and Surviving Sepsis principles.
All articles in this issue have contributions by experts in their field and eminent

anesthesiologists with experience and who have driven changes in the perioperative
care pathway. It is now time for anesthesiologists to recognize that they don’t just
have the best understanding of the perioperative care pathway but are in the perfect
position to deliver most of the key factors essential for optimal surgical outcomes.
They should embrace their new role as Anesthesiologist and Perioperative Care
Physician.

Timothy E. Miller, MB ChB, FRCA
Associate Professor

Department of Anesthesiology
Duke University Medical Center

Durham, NC 27710, USA

Michael J. Scott, MB ChB, MRCP, FRCA, FFICM
Department of Anesthesia and Perioperative Medicine

Royal Surrey County Hospital NHS Foundation Trust
Guildford, Surrey GU1 7XX, UK

Surrey Peri-operative Anesthesia Critical care Research Group (SPACeR)
Faculty of Health and Medical Sciences

University of Surrey
Guildford, Surrey GU2 7XH, UK

E-mail addresses:
timothy.miller2@duke.edu (T.E. Miller)
mjpscott@btinternet.com (M.J. Scott)
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Cardiopulmonary Exercise
Testing for Risk Prediction

in Major Abdominal Surgery
Denny Z.H. Levett, BM, BCh, PhD, MRCP, FRCAa,b,c,
Michael P.W. Grocott, MB BS, MD, FRCA, FRCP, FFICMa,b,c,*
KEYWORDS

� Cardiopulmonary exercise testing � Functional capacity � Preoperative
� Incremental exercise test � Anaerobic threshold (AT)
� Peak oxygen consumption ( _VO2 peak) � Risk assessment
� Collaborative decision making

KEY POINTS

� Preoperative exercise capacity is associated with postoperative outcome.

� Lower anaerobic threshold and peak oxygen consumption predict increased postopera-
tive morbidity and mortality.

� Cardiopulmonary exercise testing (CPET) testing may also identify factors limiting exer-
cise capacity.

� CPET-derived variables can be used to guide informed consent, collaborative decision
making, and the choice of surgical intervention.

� CPET-derived variables can be used to guide decisions about the most appropriate level
of perioperative care, although further studies are required to clarify this role.
THE CHALLENGE FOR PREOPERATIVE RISK STRATIFICATION

It is estimated that globally more than 230 million major surgical procedures are per-
formed each year and that this number is increasing.1 Surgical interventions are in
general cost-effective and thus surgical volume is likely to continue to increase,
Disclosure: See last page of article.
a Integrative Physiology and Critical Illness Group, Clinical and Experimental Sciences, Faculty
of Medicine, University of Southampton, University Road, Southampton SO17 1BJ, UK;
b Critical Care Research Area, Southampton NIHR Respiratory Biomedical Research Unit, Uni-
versity Hospital Southampton NHS Foundation Trust, Tremona Road, Southampton SO16
6DY, UK; c Anaesthesia and Critical Care Research Unit, University Hospital Southampton
NHS Foundation Trust, Tremona Road, Southampton SO16 6DY, UK
* Corresponding author. Anaesthesia and Critical Care Research Unit, Mailpoint 24, E-Level,
Centre Block, University Hospital Southampton NHS Foundation Trust, Tremona Road, South-
ampton SO16 6DY, UK.
E-mail address: mike.grocott@soton.ac.uk

Anesthesiology Clin 33 (2015) 1–16
http://dx.doi.org/10.1016/j.anclin.2014.11.001 anesthesiology.theclinics.com
1932-2275/15/$ – see front matter � 2015 Elsevier Inc. All rights reserved.
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Levett & Grocott2
particularly in resource-poor countries.2 As a consequence the population of patients
undergoing elective surgical is expanding. As life expectancy increases, an increasing
proportion of these patients are likely to be high-risk elderly patients with multiple
comorbidities who present particular challenges to both anesthetists and surgeons.
The optimum perioperative management of such patients requires input from a multi-
disciplinary team ideally incorporating a process of shared decision making.3 Accu-
rate preoperative risk stratification is an essential element in such a care pathway,
assisting in the process of informed consent, the choice of surgical procedure, and
the determination of the appropriate location of postoperative care (critical care or
general ward).
Recent cohort studies have reported 3% to 4%mortality associated with surgery in

both European4 and North American5 patient populations, which was higher than had
previously been anticipated. Furthermore, in the prospective European Surgical Out-
comes Study (EuSOS) (n 5 46,539), wide international variability in mortality was
observed, suggesting that there may be the potential to implement measures to
improve surgical outcome.4 In particular, 73% of the patients who died were not
admitted to critical care and unplanned critical care admissions were associated
with higher mortality than planned admissions. Identifying the subgroup of patients
at high risk of mortality preoperatively may allow more appropriate risk counseling
and the preemptive focus of personnel, critical care resources, and evidence-based
interventions on this needy subgroup. Retrospective studies from the United Kingdom
suggest that approximately 12% of patients are in a high-risk group and that these pa-
tients account for 80% of perioperative deaths.6,7

Postoperative morbidity is more common than mortality (16%–18% in recent case
series) and presents significant health care and social burdens.5,8 Postoperative com-
plications not only increase short-term costs by prolonging hospital length of hospital
stay but also have long-term implications for mortality.5 Furthermore, they may lead to
repeated hospital admissions and chronic ill health.5,9 From the patient perspective
this is often associated with a decline in functional capacity and quality of life.10 The
avoidance of postoperative complications is consequently of great importance.8

Thus increasing volumes of surgery and an increasingly frail surgical population pre-
sent perioperative physicians with a significant challenge. Effective shared decision
making with patient involvement necessitates accurate individualized perioperative
risk prediction, which in turn requires a valid means of stratifying risk.
CARDIOPULMONARY EXERCISE TESTING AND RISK STRATIFICATION

This article explores the utility of cardiopulmonary exercise testing (CPET) in preoper-
ative risk stratification in major abdominal surgery. The hypothesis that preoperative
physical fitness predicts surgical outcome is implicit in anesthetic preassessment.
The evaluation of functional capacity is included both in clinical practice and periop-
erative guidelines.11 However the validity of subjective assessments of functional ca-
pacity in a general surgical population is not clear, because patients may not
accurately evaluate or report their fitness. Furthermore, the ability of questionnaires
such as the Duke Activity Status to discriminate between high-risk and low-risk pa-
tients has not been validated.12 CPET is an objective method of evaluating exercise
capacity and is considered to be the gold standard test.13 It provides a global assess-
ment of the integrated responses of the pulmonary, cardiovascular, hematological,
and metabolic systems that are not adequately reflected through the measurement
of individual organ system function. Furthermore, as a dynamic assessment it pro-
vides greater insights than a resting test into the response to physiologic stress,
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such as occurs perioperatively, and the physiologic reserve available to respond to
such stresses.14,15

This article evaluates the evidence supporting the use of CPET for risk stratification
in major abdominal surgery. To provide context for this evidence it first summarizes
the literature exploring the relationship between health outcomes in general and exer-
cise capacity. It then describes the conduct of CPET and the underlying physiologic
rationale, defining the key variables that have been associated with surgical outcome.

PHYSICAL ACTIVITY, EXERCISE, AND HEALTH OUTCOMES

Physical fitness has benefits in almost all contexts of health and disease16,17 and
increasing evidence suggests that physical inactivity is a key public health issue.18,19

Fitter patients have been shown to have better outcomes in a wide variety of condi-
tions, including diabetes,20,21 coronary artery disease,22,23 heart failure,24–26 hyperten-
sion,27 chronic obstructive pulmonary disease (COPD),28 chronic kidney disease,29

cancer,30 stroke,31,32 depression,33 and dementia.34 Furthermore, physical activity
reduces the risk of developing chronic diseases, including type 2 diabetes35; cancer
of the breast,36 kidney,37 and colon22; osteoporosis38; obesity39; and depression.40

Although there is a transiently increased risk of mortality during physical activity or
training,23,41 this is outweighed by the cumulative benefit of regular physical activity.22

Increasing fitness or physical activity also improves clinical outcomes. Supervised
and unsupervised training programs have been shown to be beneficial in a variety
of conditions, including COPD, stroke, heart failure, and intermittent claudication.42–46

Furthermore, exercise has been shown to improve the quality of life and the ability to
perform the activities of daily living in the frail elderly.47 Likewise, the public health pro-
motion of physical activity is generally effective.48

THE PHYSIOLOGY AND CONDUCT OF CARDIOPULMONARY EXERCISE TESTING

CPET provides an objective method of evaluating exercise capacity (functional capac-
ity or physical fitness). Furthermore, it allows interrogation of the causes of exercise
intolerance when exercise capacity is abnormal. CPET integrates expired oxygen
and carbon dioxide concentrations with the measurement of ventilatory flow, thus
deriving oxygen uptake ( _VO2) and carbon dioxide production ( _VCO2) under conditions
of varying physiologic stress imposed by a range of defined external workloads. Heart
rate, oxygen saturations, blood pressure, and electrocardiogram are monitored
simultaneously.
Two modes of exercise, cycle ergometry and treadmill, are commonly used in

CPET, and arm crank ergometry is used occasionally. Cycle ergometry allows accu-
rate determination of the external work rate and thus evaluation of the _VO2–work
rate relationship, which is difficult with a treadmill.49 In addition, cycle ergometry re-
quires less skill than a treadmill (performance is less affected by practice), it is
cheaper, and it takes up less space.49

Although a variety of exercise protocols can be used to interrogate different ele-
ments of the exercise response, the continuous incremental exercise test (incremental
ramp test) to the limit of tolerance (symptom limited) is used most widely to evaluate
exercise capacity.50 The incremental exercise test has several advantages:

� It evaluates the exercise response across the range of exercise capacity.
� The initial work rate is low and the duration of high-intensity exercise is short.
� The test involves only 8 to 12 minutes of exercise.
� It permits assessment of the normalcy or otherwise of the exercise response.
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� It allows identification of the site of functional exercise limitation.
� It provides an appropriate frame of reference for training or rehabilitation targets.

A typical test protocol involves 3 minutes of resting measurement, 3 minutes of
unloaded cycling (cycling against no resistance), followed by a continuously
increasing ramp until exhaustion. The gradient of the ramp is selected by age, gender,
and current physical activity levels to achieve a test duration of 8 to 12 minutes. Re-
covery data are typically collected for 5 minutes or until the heart rate returns to base-
line. In early perioperative CPET studies some groups stopped tests above the
anaerobic threshold (AT) but before symptom limitation because of safety concerns
in this previously unevaluated population.51,52 Safety studies have subsequently re-
ported very low mortalities of approximately 2 to 5 per 100,000 in patient populations
including lung and heart transplant candidates.13,53 As a result, symptom-limited tests
are now most commonly used.
The output from an incremental CPET test is by convention represented graphically

in a 9-panel plot.13,49 The key variables and measurements are summarized in
Table 1. Exercise capacity can be determined and the causes of exercise limitation
can be identified as patterns of abnormality in these plots. CPET can evaluate the
severity and physiologic impact of known comorbidities and identify unsuspected dis-
orders such as myocardial ischaemia54 and pulmonary hypertension55–57 in preoper-
ative patients.
Peak oxygen consumption ( _VO2 peak) and the AT are indexes of exercise capacity

(functional capacity or physical fitness). These variables are metabolic rates
expressed in milliliters of _VO2 per minute absolute, or indexed to bodyweight, or as
percentages of predicted values. _VO2 peak is defined as the highest oxygen uptake
recorded during an incremental exercise test at the point of symptom limitation. As
such, _VO2 peak includes a volitional element (the patient may not produce a maximal
effort). The AT (also known as the lactate threshold, ventilatory threshold, gas ex-
change threshold, or lactic acidosis threshold) characterizes the upper limit of
Table 1
Measurements and variables collected during CPET

Measurement Variables Symbol

External work Work rate WR

Exercise capacity Peak oxygen uptake _VO2 peak
AT AT

Metabolic gas exchange Oxygen uptake _VO2

Carbon dioxide production _VCO2

Respiratory exchange ratio RER

Ventilatory Minute ventilation _VE
Tidal volume VT
Respiratory rate RR

Pulmonary gas exchange Ventilatory equivalents for CO2
_VE/ _VCO2

Ventilatory equivalents for O2
_VE/ _VO2

End-tidal oxygen PETO2
End-tidal CO2 PETCO2
Oxygen saturations SpO2

Cardiovascular Heart rate HR
Blood pressure NIBP
Oxygen pulse _VO2/HR

Symptoms Dyspnea, fatigue, chest pain, leg pain —
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exercise intensities that can be accomplished almost wholly aerobically.13 Below the
AT, exercise can be sustained indefinitely, whereas above the AT progressive in-
creases in work rate result in progressive reductions in exercise tolerance.58 The AT
is defined as the _VO2 at which there is a transition from a phase of no increase, or
only a small increase in arterial lactate concentration, to a phase of rapidly acceler-
ating increase in arterial lactate concentration associated with a progressive meta-
bolic acidosis.59 This point can be estimated noninvasively by breath-by-breath
expired gas analysis during CPET.60 The onset of metabolic acidosis at the AT is
accompanied by an increase in the pulmonary CO2 output ( _VCO2) resulting from the
intramuscular and blood buffering by bicarbonate of lactate-associated protons.61,62

This stage can be identified during incremental exercise testing as a change in the
gradient of the _VCO2- _VO2 relationship (V-slope method60 or modified V-slope
method63), typically accompanied by a systematic increase in the ventilatory equiva-
lent for oxygen ( _VE/ _VO2) and in end-tidal PO2 (PETO2) without a concomitant decrease
in end-tidal PCO2 (PETCO2) or increase in the ventilatory equivalent for CO2 ( _VE/ _VCO2)
(ventilatory equivalents method).64 Several investigators have shown that these indi-
rect approaches provide a valid estimate of the lactate threshold both in healthy vol-
unteers and in patients with cardiac disease and COPD.65–68 The AT is independent of
patient effort.
The ratio of ventilation ( _VE) to _VO2 is the ventilatory equivalent for oxygen ( _VE/ _VO2)

and the ratio of _VE to _VCO2 is the ventilatory equivalent for carbon dioxide ( _VE/ _VCO2).
The ventilatory equivalents for both O2 and CO2 are related to the dead space fraction
(dead space volume/tidal volume) and increase as dead space increases (although
they also increase with hyperventilation). Abnormally high ventilatory equivalents are
thus evident in any pathologic condition with increased dead space; for example,
COPD, pulmonary fibrosis, heart failure, and pulmonary embolic disease.
In summary, the incremental exercise test to the limit of tolerance using cycle ergo-

metry (incremental ramp test) has been used extensively as a means of preoperative
risk stratification in both clinical practice and clinical trials. It permits the accurate
determination of exercise capacity and also allows identification of the site of exercise
limitation when this is abnormal. The AT and _VO2 peak, which are determined from this
test, are validated, reliable measures of exercise capacity that can be used to describe
physical fitness both in clinical practice and research studies.
CARDIOPULMONARY EXERCISE TESTING AND RISK STRATIFICATION

An association between CPET-derived variables and postoperative outcome is a pre-
requisite if CPET is to have utility as a preoperative risk stratification tool. The hypoth-
esis that unfit patients are more susceptible to adverse outcomes following major
surgery is intuitively appealing. Although CPET had been used for risk stratification
in cardiothoracic patients, Older and colleagues69 were the first group to publish
research that used CPET for preoperative assessment in general surgery during
the early 1990s. In a cohort study of 184 patients undergoing major elective abdom-
inal surgery, they reported that a lower AT was associated with increased postoper-
ative mortality. Hospital mortality was less than 1% in patients with an AT of more
than 11 mL/kg, 18% in patients with an AT of less than 11 mL/kg/min, and 50% in
patients with an AT less than 8 mL/kg.69 Twenty-two cohort studies of preoperative
CPET in patients having major intra-abdominal surgery have since been reported
(Table 2 for detailed analysis). These data have been synthesized in several system-
atic reviews that show a consistent relationship between physical fitness, defined us-
ing CPET-derived variables, and postoperative outcome.77–79 The few studies that



Table 2
Cohort studies evaluating CPET and surgical outcome in major abdominal surgery

Author, Year, Journal Patients n Design

AT Association
& Risk Threshold
(mls/kg/min)

VO2 Peak Association
& Risk Threshold
(mls/kg/min) _VE/ _V CO2 Outcome

Older et al,69 1993 Major Intra Abdominal 187 Y<11 Submaximal tests not
measured

Y CVS Mortality

Older et al,51 1999 Major Intra Abdominal 548 Y<11 Submaximal tests not
measured

— Mortality

Wilson et al,52 2010 Major Intra Abdominal 847 Y<10.9 Submaximal tests not
measured

Y>34 Mortality

Snowden et al,70 2010 Major Intra Abdominal 116 Blinded Y<10.1 Y N Morbidity - D7 POMS

Hightower et al,84 2010 Major Intra Abdominal 32 Blinded Y N N Morbidity

West et al,71 2014 Colon 136 Blinded Y<10.1 Y<16.7 Y Morbidity - D5 POMS

West et al,85 2014 Rectal 105 Blinded Y<10.6 Y<18.6 — Morbidity - D5 POMS

Prentis et al,86 2013 Cystectomy 82 Blinded Y<12 Y — Morbidity - Clavien-Dindo72;
LOS

Nugent et al,87 1998 AAA 30 N N<20 increased morbidity — Mortality and complications

Hartley et al,88 2012 AAA 415 2 centres Y<10.2 Y<15 Y Mortality

Prentis et al,89 2012 AAA 185 Blinded Y<10 Y — LOS, Morbidity; ICU LOS

Goodyear et al,90 2013 AAA 230 Y<11 — — Mortality, LOS, Cost
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Carlisle et al,73 2007 AAA 130 Y Y Y>42 Mortality

Snowden et al, 91 2013 Major Hepatobiliary 389 Blinded Y Y Y Mortality; LOS

Junejo et al,74 2012 Hepatic resection 131 Y 9.9 Mortality Y Y>34.5 Mortality; Morbidity

Ausania et al,92 2012 Whipples 124 Blinded Y<10.1 Y Y Morbidity, Mortality,
Pancreatic Leak

Nagamatsu et al,93 1994 Upper GI 52 — Y — Cardiopulmonary Morbidity

Nagamatsu et al,94 2001 Upper GI 91 N Y — Cardiopulmonary Morbidity

Forshaw et al,95 2008 Upper GI 78 Y Y — Cardiopulmonary Morbidity
N N LOS, unplanned ICU

Moyes et al,96 2013 Upper GI 108 Y<9 Y Cardiopulmonary Morbidity

McCullough et al,75 2006 Bariatric 109 Y Y<15.6 N Morbidity & Mortality
composite

Hennis et al,97 2012 Bariatric 106 Y<11 Y Y Morbidity POMS D5

Abbreviations: AAA, abdominal aortic aneurysm; CVS, cardiovascular; D, day; GI, gastrointestinal; ICU, intensive care unit; LOS, hospital length of stay; N, no
significant association between variable and outcome; NR, association between variable and outcome not reported; POMS, postoperative morbidity score76;
Y, significant association between variable and postoperative outcome.

Data from Refs.52,69–71,73–75
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did not find a statistically significant relationship included fewer than 100 patients
and are likely to have had inadequate sample size to have sufficient statistical power
to identify a clinically important difference. In most studies, both AT and _VO2 peak
were associated with outcome, although this association was statistically stronger
for the AT in most cases (see Table 2). Abnormal ventilatory equivalents for carbon
dioxide reflecting increased dead space were also associated with both mortality and
morbidity in some case series,52,73,74 but not in others.70,75

The AT threshold of 11 mL/kg/min to identify high-risk patients initially proposed by
Older69 was based on criteria used for the diagnosis of heart failure. Analysis of area
under the receiver operating curve has since been used in several case series to iden-
tify predictive cutoffs for discriminating between low-risk and high-risk patient groups.
As is evident from Table 2, more recent case series in general have reported a lower
AT threshold, in the region of 9 to 10 mL/kg/min, which may reflect different patient
populations, changes in surgical technique with greater laparoscopic surgery (and a
reduced surgical stress response), or improvements in perioperative care with more
critical care provision. It may be that some types of surgery present a greater physio-
logic challenge (open Whipple procedure compared with laparoscopic colectomy), or
that the process of care is different for different subspecialties. For example, in the
United Kingdom, some populations are routinely admitted to a critical care environ-
ment postoperatively (eg, esophagectomy, liver resection), whereas others are
routinely cared for on general wards (eg, colorectal surgery). Thus perioperative
care in a critical care environment may compensate for a reduced physiologic reserve.
Further studies are required to explore this variability.
The strength of the association between AT and postoperative morbidity and mor-

tality may be underestimated in many of these case series because clinicians were
not blinded to the CPET results and used them to make clinical decisions. A high-
risk test is likely to result in the institution of management to reduce risk such as
changing the choice of surgical procedure, electively admitting the patient to critical
care, or optimizing comorbidities preoperatively. The effect of this confounding by
indication would be to dilute the strength of the association between risk and
outcome.80
CARDIOPULMONARY EXERCISE TESTING AND OTHER RISK STRATIFICATION TOOLS

The ability of CPET-derived variables to predict outcome has also been evaluated
compared with and in combination with other candidate risk predictors. Carlisle and
colleagues73 showed improved prediction of mortality following abdominal aortic
aneurysm surgery when CPET-derived variables were used in combination with a clin-
ical risk score (Revised Cardiac Risk Index; Lee score). Snowdon and colleagues70

similarly reported better prediction of postoperative morbidity when AT was combined
with the Veterans Activity Questionnaire Index (VASI). James and colleagues81

recently reported that CPET-derived variables were better able to predict major
adverse cardiac events and complications than plasma biomarkers (B natriuretic pep-
tide). They did not evaluate the predictive ability of the two used in combination. In the
future, increasingly sophisticated risk prediction may be achieved by combining CPET
data, clinical risk scores, and plasma biomarkers. The limited available data suggest
that unrelated but effective tests would give additive predictive ability.70,73 In the
future, a hierarchy of tests may be used to describe risk: simple clinical risk scores
and screening biomarkers may be used to screen out low-risk patients at low cost,
whereas patients at high or uncertain risk could be evaluated by a more complex
battery of tests, including CPET.
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USING CARDIOPULMONARY EXERCISE TESTING–DERIVED RISK INFORMATION
Informed Consent and Collaborative Decision Making

Risk data derived from CPET can be used to contribute to the discussion between pa-
tients and clinicians about the best course of action for an individual patient. The aim
of collaborative decision making is to provide patients with sufficient information to
allow them to decide on the most appropriate course of treatment in their particular
circumstances. CPET is of value in this process because it provides risk information
in a way that is intuitively easy to understand: the idea of fitness for surgery provides
the starting point for a discussion about the specific risks and benefits of a particular
procedure for a particular patient, and the CPET-derived data can inform clinician es-
timates of risk. Thus CPET allows patients to make more informed decisions about
surgical intervention.
Cardiopulmonary Exercise Testing Guided Perioperative Care

CPET has also been used to guide clinicians’ decision making when deciding on
the appropriate choice of operative procedure and perioperative care environ-
ment. Patients defined as high risk for adverse outcome may be scheduled for
less physiologically challenging procedures or for nonsurgical management. For
example, a defunctioning colostomy may be chosen instead of a more definitive
tumor resection. More commonly, CPET data have been used to guide the choice
of postoperative care with less fit patients being allocated to a critical care envi-
ronment postoperatively. Older and colleagues,51 in a prospective study, used
CPET-derived variables (AT, ventilatory equivalents for oxygen, myocardial
ischemia), along with magnitude of surgery to allocate patients to intensive
care, high-dependency care, and ward care. There was no cardiovascular mortal-
ity in the patients allocated to ward care and the mortalities on the high-
dependency unit and intensive care unit were lower than historical control data
from the same institution. This study is limited by the nonrandomized design
and historical control data and by the risk of bias in the attribution of the criteria
for cardiovascular death (all-cause mortality was not reported). Although it does
not meet criteria for the demonstration of a causal link between the intervention
(postoperative care allocated by CPET-derived variables) and outcome (mortality),
the results merit further investigation. A case-controlled study of outcome in colo-
rectal patients with an AT of less than 11 mL/kg/min who were randomly assigned
to either ward care or critical care subsequently reported increased cardiac
events in those allocated to the ward, again suggesting that intervening because
of AT may improve outcomes.82 A pilot double-blind, randomized controlled trial
evaluating the usefulness of CPET for directing perioperative care has recently
been completed in the United Kingdom. The study enrolled 228 patients undergo-
ing elective colorectal cancer surgery within an enhanced recovery after surgery
program and results are expected early in 2015.83 Further studies exploring the
impact of CPET-guided direction of postoperative care on outcome are needed,
but the difficulty of evaluating such a complex intervention has so far limited
the available data. In general in these studies, the critical care unit is treated as
a so-called black box that provides benefit. Increased focus on the elements of
critical care that might offer benefit will also be important if this approach is to
be effectively evaluated. An alternative perspective on CPET is that it can identify
low-risk patients who are safe to triage to the general ward postoperatively and
should have high chance of following an enhanced recovery–type pathway
without deviation. CPET can thus be used to target resources to those patients
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whose need is greatest, which is vital in a resource-constrained health care
environment.

Prehabilitation: Exercise Training Before a Physiologic Challenge

CPET risk stratification can also be used to identify patients who may benefit from
preoperative exercise training to increase fitness and thereby improve outcomes;
this is known as prehabilitation. Preliminary data have confirmed the feasibility of
this approach in patients having intra-abdominal surgery and has produced
encouraging pilot data.71 Furthermore, there are more than 20 ongoing clinical tri-
als evaluating exercise training programs in surgical patients registered with the
clinical trials database (ClinicalTrials.Gov, #2795). The advent of neoadjuvant ther-
apies has created the opportunity to train patients before major cancer operations
for which previously the pressure of reducing the time between diagnosis and sur-
gery precluded such an intervention. Improved understanding of the optimal dura-
tion, pattern, intensity, and qualities of such interventions are needed to maximize
efficacy.

SUMMARY

Reduced exercise capacity defined by a low AT or _VO2 peak is associated with
increased postoperative morbidity and mortality. CPET-derived variables can be
used to risk stratify patients and in the future may be combined with other risk predic-
tors (clinical scores and biomarkers) to improve the precision of outcome prediction.
CPET results can be used to improve the process of informed consent and thus
contribute to collaborative decision making. Furthermore, CPET can be used to guide
the choice of surgical procedure and decide on the most appropriate postoperative
care environment, although further clinical trial evidence is required in this area. In
this way scarce resources can be concentrated on the patients at highest risk. In
the future, CPET may also be used to guide prehabilitation training programs,
improving fitness and thereby reducing perioperative risk.
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KEY POINTS

� Despite advances in surgical care, there remain patients with suboptimal recovery; elderly
patients, especially those with cancer and limited protein reserve are at highest risk for
negative postsurgical outcomes.

� Although more traditional approaches have targeted the postoperative period for rehabil-
itation, it has been shown that the preoperative period is most effective for intervention.

� Surgical prehabilitation is an emerging concept, deriving from the realization that effective
perioperative caremust include in addition to the clinical and pharmacological preparation
of the surgical preparation, preoperative physical, nutritional and psychological optimiza-
tion.
THE STRESS OF SURGERY AND TRAJECTORY OF RECOVERY

Tissue trauma, physical inactivity, quasi-starvation and psychological distress repre-
sent major stresses to the body. In turn, immediate systemic changes are initiated,
resulting in both short- and long-term effects on the capacity to perform activities of
daily living and on overall quality of life.
Despite advances in surgical technology, anesthesia and perioperative care, which

have made surgery safer and more accessible to a variety of patients potentially at
risk, there remains a group of patients who still have suboptimal recovery. Almost
30% of patients undergoing major abdominal surgery have postoperative complica-
tions,1 and, even in absence of morbid events, major surgery is associated with a
40% reduction in functional capacity.2 After surgery, patients experience physical fa-
tigue, disturbed sleep, and a decreased capacity to concentrate for up to 9 weeks af-
ter discharge.3 Long periods of physical inactivity induce loss of muscle mass,
deconditioning, pulmonary complications, and decubitus. Postoperative fatigue and
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complications have been found to be correlated with preoperative health status, func-
tional capacity, and muscle strength.4 The elderly, persons with cancer, and persons
with limited protein reserve are the most susceptible to the negative effects of surgery.
There is mounting evidence that many of the negative immediate effects of surgery

such as pain, fatigue, and weakness, are potentially amenable to intervention. If
proper interventions are carried out, these symptomsmay be readily controlled, allow-
ing for a faster recovery and early hospital discharge. However, the effects of surgery
are felt far beyond the immediate convalescent period and patients can feel fatigued
for many weeks; fatigue delays return to usual function and reduces quality of life.
Thus, it would be of practical benefit if ways of improving postsurgery physical func-
tion and quality of life could be identified.
Traditionally, efforts have been made to improve the recovery process by inter-

vening in the postoperative period. However, the postoperative period may not be
the most opportune time to introduce interventions to accelerate recovery. Many of
these surgical patients are concerned about perturbing the healing process as well
as being depressed and anxious as they await extra treatment of the tumor and, there-
fore, are unwilling to be engaged in the process.
The preoperative period may be, then, a more emotionally opportune time to inter-

vene in the factors that contribute to recovery. Patients are often scheduled for extra
tests, anxiously waiting for surgery, and searching for explanation and reassurance. In
the face of the powerlessness and diminished self-esteem that often follow a health
threat, active engagement of the individual in the preparation process may have ben-
efits beyond the physical and alleviate some of the emotional distress surrounding the
anticipation of surgery and the recovery process.
SURGICAL PREHABILITATION AND THE PUBLISHED EVIDENCE

The process of enhancing functional capacity of the individual to enable them to with-
stand an incoming stressor has been termed prehabilitation.5 Although several pro-
grams have attempted to prepare patients for the postoperative recovery through
education and positive reinforcement, little has been developed to systematically
enhance functional capacity before surgery.
The theory of prehabilitation was initially supported in animal models. To investigate

the effect of voluntary exercise on the tolerance to trauma, female rats, kept in cages
with running wheels for periods of 3 to 7 weeks (exercise group), were subjected to
trauma and compared with rats kept in cages without running wheels for the same
period (sedentary group).6 Mortality was significantly decreased in rats kept in cages
with running wheels for 5 weeks or 7 weeks, but not those in the 3-week group. These
results indicated that voluntarily exercising rats showed increased resistance to
trauma compared with rats kept under sedentary conditions.
Although the benefits of physical activity have been shown in many disabling con-

ditions, there are limited clinical data on the role of exercise before surgery. However,
the evidence of the role of exercise in disease prevention is overwhelming. In medi-
cine, regular exercise has been shown to decrease the incidence of ischemic heart
disease, diabetes, stroke, and fractures in the elderly as a result of improved balance
and strength. As a result of exercise, there is an increase in aerobic capacity,
decreased sympathetic overreactivity, increased antioxidant capacity, improved insu-
lin sensitivity, and increasing ratio of lean body mass to body fat.7 Exercise training,
particularly in sports medicine, has been used as a method of preventing a specific
injury or facilitating recuperation. Thus, one would assume that by increasing the pa-
tient’s aerobic and muscle strength capacity through increased physical activity



Prehabilitation to Enhance Perioperative Care 19
before surgery, physiologic reserve would be enhanced and postoperative recupera-
tion would be facilitated.
In 2002, Topp and colleagues5 proposed that, by applying an exercise program

before the stress of surgery, postoperative recovery would occur more rapidly
compared with patients who remained sedentary. Since then, several studies have
been undertaken, using different types of exercise programs.
The first systematic review of fair to good methodological quality was published in

2011 and included 12 studies.8 The effect of preoperative exercise therapy on postop-
erative complication rate and length of hospital stay was studied, and it showed that
preoperative exercise therapy can be effective for reducing postoperative complica-
tion rates and accelerate discharge from hospital in patients undergoing cardiac
and abdominal surgery. Conversely, the outcome after joint arthroplasty was not
significantly affected by preoperative exercise therapy.
All 4 studies that investigated cardiac and abdominal surgery included inspiratory

muscle training as an intervention. The results showed that the risk of developing
postoperative pulmonary complications was significantly higher in the group not
receiving inspiratory muscle training. The interventions included in the review varied
with respect to the type of exercise, frequency, duration, and intensity and lacked
detailed about the precise implementation of the programs. In the orthopedic
groups, the prehabilitation lasted up to 6 weeks, whereas in the cardiac and abdom-
inal group, the average was 3 to 4 weeks. Also, some interventions were home
based, whereas others were partly supervised or fully supervised by a physiothera-
pist. Functional measures such as exercise capacity and muscle strength were not
included as outcome measures. In the studies involving joint replacement surgery,
there was a large variety of physical exercises, with different emphasis on either joint
mobility or muscle strength. The results of these studies indicated that preoperative
exercise therapy does not affect length of hospital stay or complication rate after
surgery.
Santa Mina and colleagues9 reviewed 15 studies and concluded that total-body

prehabilitation improved postoperative pain, length of stay, and physical function,
but it was not consistently effective in improving health-related quality of life or aerobic
fitness in the studies that examined these outcomes.
More recently, another systematic review of 8 studies10 reported that exercise con-

fers some physiologic improvement with limited clinical benefit. However, the data
analyzed were limited, with great heterogeneity between the studies because of the
differences in surgery type. Also, the exercise regimens were not uniformly reported
with regard to the individual components of exercise (eg, the duration and the inten-
sity), and the lack of adherence to high-intensity exercise. Although some physiologic
improvement during the preoperative period was reported by most of the studies, this
change did not translate into improved clinical outcomes.
A previous randomized controlled trial (RCT), conducted by our group,11 in pa-

tients undergoing colorectal surgery compared the effects of a home-based pro-
gram, which included a sham intervention (basic recommendation to walk daily
and do breathing exercises), and a high-intensity training program, which consisted
of both aerobic and resistance exercise. We found that, unexpectedly, a third of the
patients in the intense exercise group deteriorated in their functional walking capac-
ity (a measure of functional exercise capacity) during the presurgical period. Their
compliance was recorded at a mere 16%, thus indicating that the prescribed exer-
cise regimen could not be maintained. Only 33% improved during prehabilitation,
and 29% deteriorated despite the intervention. Predictors of poor surgical outcome
included deterioration while waiting for surgery, age greater than 75 years, and high
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anxiety, thus supporting the need to better identify which factors, such as disease
progression, catabolic state, poor compliance, and psychological stress, in addition
to exercise, contributed to functional deterioration before surgery. These results sug-
gest that an intervention based on exercise alone may not have been sufficient to
enhance functional capacity if factors such as nutrition, anxiety, and perioperative
care were not taken into consideration during the program. Also, the intensity of
the exercise program should be carefully considered as well. Although physical ac-
tivity has undoubtedly several benefits in restoring physiologic reserve in preparation
for abdominal surgery, the role played by other modalities cannot be excluded, such
as pharmacologic optimization, smoking cessation, alcohol reduction, dietetic coun-
seling, nutritional supplementation, cognitive enhancement, and psychosocial sup-
port beside education.
In a recent pilot study12 followed by an RCT,13 a multimodal prehabilitation program

composed of moderate-intensity physical exercise and complemented by nutritional
counseling and protein supplementation, and anxiety and reduction strategies within
the context of the ERAS (enhanced recovery after surgery) protocol, showed that more
than 80% of patients with cancer undergoing colorectal resection were able to return
to preoperative functional capacity by 8 weeks, compared with 40% of a control group
who did not receive the prehabilitation program.
Although some components of a prehabilitation program are common to all types of

surgery, specific interventions need to be tailored on a personal basis to improve def-
inite body functions. For instance, the requirement of prehabilitation for someone
going for lung surgery concentrates on the aerobic component, whereas peripheral
and core muscle strengthening are needed for those undergoing hip and knee surgery.
In addition, the timing of prehabilitation in relationship to the time of surgical interven-
tion needs to be appropriately evaluated. In most studies, the time interval for preha-
bilitation has been proposed to be between 4 and 8 weeks, with short periods for
patients with lung or abdominal cancer, and long periods for more chronic conditions,
such as spine surgery or arthroplasty.
INCREASING PHYSIOLOGIC RESERVE WITH PHYSICAL EXERCISE: HOW DOES EXERCISE
BENEFIT?

The participation in an acute bout of strenuous exercise is met with the need for the
body to compensate for potentially major systemic perturbations. For example,
blood volume can be quickly recruited and flow redirected to active muscle groups
from less metabolically active tissue. Depending on the intensity and duration of ex-
ercise performed, cardiac output and systolic blood pressure increase to adequately
perfuse blood to the working tissue. Breathing rate and the depth of each breath also
increase, to ensure adequate oxygenation of the blood. Metabolism increases and
shift nutrient source to reflect the availability of oxygen to the mitochondria and
need for adenosine triphosphate, the primary energy source of the human body. Mo-
tor units that control skeletal muscle fiber recruitment become activated, and neural
pathways fire to reflect the work undertaken. Many other body systems also adjust to
minimize the stress of physical activity. As with other events that disrupt homeosta-
sis, the body attempts to compensate for these perturbations to reestablish its nat-
ural environment.14,15

When exercise is undertaken on a regular basis, the body becomes more efficient in
its adaptation to the stress of exercise. Physiologic systems, such as cardiovascular,
respiratory, muscular, neural, and endocrine, all becomemore adept at both the antic-
ipation and the compensation for each individual bout of exercise. As the body is
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exposed to repeated bouts of exercise, the systems become trained to adapt to the
stress of work, and the body resets what is considered to be in its normal range for
daily living. Trained individuals are able to tax a greater percentage of their functional
range, or maximal physiologic capacity, during periods of physical stress.15 For
example, if a sedentary person is required to run for a bus, their body is not accus-
tomed to performing the acute bout of activity. They are able to use only a smaller
portion of their potential functional capacity, thus resulting in a limited ability for adap-
tation to that particular stress. Heart racing, sweating, feeling slightly ill, with shaky
legs, and out of breath, they might be unable to speak with a bus driver or have diffi-
culty climbing stairs. In the case of someone who performs regular exercise, they
encounter a similar situation and are better able to adapt to the stress by means of
their ability to tap into a greater percentage of their physiologic reserve. Although
they run the same amount to catch up with a bus, their bodies are better able to
cope with the bout of activity undertaken.
Physiologic reserve is the overall range of functional capacity in an individual,

defined by genetics, and including all organ systems in the human body. The aging
process is associated with some degree of diminishment, which starts in early adult-
hood.16 Depending on the degree of loss of physiologic reserve, theremay be negative
consequences on the ability to perform activities of daily living, and, in more severe
cases, frailty and increased morbidity/mortality may ensue. Although the aging pro-
cess itself compromises physiologic reserve, the effects are compounded by seden-
tary behavior. Regular physical exercise can attenuate the degree of physical decline
associated with aging.17 Despite the known benefits of active living, only 30% of indi-
viduals older than 65 years participate in some form of daily exercise.18 Despite
increasing efforts to promote physical activity in this population, the figures remain
consistent.19

The ability to adapt to physical stress and the preservation of physiologic reserve
are both relevant concepts for prehabilitation. Functional capacity, as determined
by cardiopulmonary exercise testing, has been associated with surgical outcomes
in noncardiopulmonary procedures: patients who are less fit have been shown to
have a higher incidence of postsurgical morbidity andmortality.20 In addition, impaired
handgrip strength before surgery, as assessed by dynamometry, also seems to be
related to poorer postoperative outcomes in patients undergoing nonemergency, car-
diac and noncardiac procedures.21 The goal of prehabilitation is to improve these
fitness parameters, among others such as flexibility, to optimize postsurgical recovery
and maintain physical function.
A critical aspect of improving physiologic reserve lies in the postsurgical healing

process. There is a decrease in functional decline in the period after surgery
(Fig. 1).22 Although the functional decline is primarily caused by surgical trauma,
inflammation, or the cancer itself, it can be further amplified by the effects of
bed rest or a need to take it easy. The health of physiologic systems quickly
diminish as a result of inactivity, with the process beginning in as little as the first
week after cessation of activity.23 This factor is also important during the presurgi-
cal time frame, where diminished physical activity can directly affect surgical
outcomes. Bed rest, in as little as 7 days, has been shown to decrease insulin-
mediated glucose extraction.24 The vasodilator effects of insulin diminish with
10 days of bed rest, even in healthy populations.25 Those at risk for developing
type 2 diabetes are subject to a disproportionate aggravation of existing systemic
low-grade inflammation during periods of physical inactivity.26 These effects of
physical inactivity are critical for the surgical process, when inflammation is already
of concern.



Fig. 1. Trajectory of functional capacity throughout the surgical process. (From Sultan P,
Hamilton MA, Ackland GL. Preoperative muscle weakness as defined by handgrip strength
and postoperative outcomes: a systematic review. BMC Anesthesiol 2012;12:1.)
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As rapid as the physiologic decline caused by sedentary behaviors, the effects of
training also occur quickly. For example, cardiovascular improvements can be seen
within 3 weeks on commencement of physical training, even in older individuals.27

The effective use of strength training programs is also not exclusive to younger pop-
ulations: regular resistance training can reverse the age-related declines in skeletal
muscle strength and function, even in frail, elderly individuals.28 The limited time be-
tween diagnosis and surgery also seems to be an adequate time frame to obtain
objectively measurable training effects.29

In 2007, the American College of Sports Medicine and the American Heart Associ-
ation issued exercise recommendations specifically for the older adult, taking into
consideration their heterogeneous health status and individual needs/goals for per-
forming physical activity.19 Other organizations have also released similar guidelines
(eg, 2008 Physical Activity Guidelines for Americans, Canadian Society for Exercise
Physiology, World Health Organization). A summary of the comprehensive guidelines
published by the US Department of Health and Human Services (2008 Physical Activ-
ity Guidelines for Americans) has been presented in Box 1. Considering that the older
adult is the least likely to regularly exercise,19 it is important that their physical activity
be meaningful, feasible, and something that they enjoy to maximize adherence. The
main message is that the elderly should be encouraged to maintain a lifestyle as active
as possible to promote and maintain good health practices.30
EXERCISE: WHAT TO DO?

Current recommendations include a combination of moderate and vigorous exercise,
if deemed appropriate for the individual (see Box 1). What does moderate and
vigorous represent for the patient? On a scale of 1 to 10 (1 representing a resting ac-
tivity with no effort and 10 representing all-out, exhaustive exercise), moderate activity
can be thought of as being a 5 to 6. Vigorous exercise falls within the range of 7 to 8.
This scale, otherwise known as Rating of Perceived Exertion (RPE) or Borg Scale, is



Box 1

Physical activity guidelines for older adults.

Key Guidelines for Older Adults (2008 Physical Activity Guidelines for Americans)

The following Guidelines are the same for adults and older adults:

� All older adults should avoid inactivity. Some physical activity is better than none, and older
adults who participate in any amount of physical activity gain some health benefits.

� For substantial health benefits, older adults should do at least 150 minutes (2 hours and
30 minutes) a week of moderate-intensity, or 75 minutes (1 hour and 15 minutes) a week
of vigorous-intensity aerobic physical activity, or an equivalent combination of moderate-
and vigorous-intensity aerobic activity. Aerobic activity should be performed in episodes of
at least 10 minutes, and preferably, it should be spread throughout the week.

� For additional and more extensive health benefits, older adults should increase their aerobic
physical activity to 300 minutes (5 hours) a week of moderate-intensity, or 150 minutes a
week of vigorous-intensity aerobic physical activity, or an equivalent combination of
moderate- and vigorous-intensity activity. Additional health benefits are gained by
engaging in physical activity beyond this amount.

� Older adults should also do muscle-strengthening activities that are moderate or high
intensity and involve all major muscle groups on 2 or more days a week, as these activities
provide additional health benefits.

The following Guidelines are just for older adults:

� When older adults cannot do 150 minutes of moderate-intensity aerobic activity a week
because of chronic conditions, they should be as physically active as their abilities and
conditions allow.

� Older adults should do exercises that maintain or improve balance if they are at risk of
falling.

� Older adults should determine their level of effort for physical activity relative to their level
of fitness.

� Older adults with chronic conditions should understand whether and how their conditions
affect their ability to do regular physical activity safely.

From US Department of Health and Human Services. Physical Activity Guidelines for Americans.
Available at: http://www.health.gov/paguidelines/guidelines/. Accessed November 5, 2014.
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easy to use and gives a rough indication of the intensity of activity performed (Fig. 2). It
can easily be transferred onto an easy to read poster (large print) and hung up within
view of the patients while exercising. This strategy allows for a common reference
point for both the tester and testee. Although it does not represent a perfect represen-
tation of exercise intensity, it is commonly used in many populations of patients
chronic disease (eg, American Thoracic Society). There are other scales, such as
the Modified Borg Scale, which work on the same concept but use different numbers
to represent perceived exertion. The use of a simple RPE scale is especially relevant
for patients who have been prescribed medications that affect the heart rate response
to exercise (eg, b-blockers), therefore limiting the use of heart rate as an indication of
intensity. The benefit of the RPE scale is that it reflects the perceived intensity of the
activity on a given day, taking into consideration any fatigue, illness, or other condition
that negatively affects the individual’s health status at a given moment. Conversely, it
also takes into consideration positive adaptations caused by training, and the patient
must increase their work intensity to maintain the same range of RPE values.

http://www.health.gov/paguidelines/guidelines/


Fig. 2. Sample of the RPE (Borg) Scale. A scale such as this may be transferred onto a large
poster board and mounted within view of the exercising patient. Often the RPE is color
coded (from green or blue at rest to red at maximal efforts) or has cartoons representing
effort. Key words represent exercise intensity.
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Another important point raised in the more recent guidelines is that aerobic exercise
does not have to take place in continuous bouts but has been shown to be of benefit in
smaller sessions of at least 10 minutes. In patients with type 2 diabetes, 3 x 10 minutes
of aerobic exercise during the day hadmore desirable effects on glycemic control than
performing a single session of 30 minutes. The multiple short daily sessions may be
associated with a higher energy expenditure than occurs during a single bout.31 Be-
sides possible physiologic benefits, the 10-minute sessions may be more feasible in
this patient population, because of perceived time restraints, fatigue, or motivational
factors.
Regarding exercise in general, it can be said that more is better but something is

better than nothing.32 In terms of exercise prescription, there is a clear dose
response, with more health benefits occurring with higher amounts of physical activ-
ity.30 However, when considering the prehabilitation patient, there are 2 issues to
keep in mind: first, there is a clearly defined period between diagnosis and surgery,
which depends on individual health care programs and, second, the presurgical
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patient may have a host of health conditions, including anxiety, depression, malnutri-
tion, concurrent conditions, and the cancer itself, which might affect how they
perform physical activity. For these reasons, encouraging the patient to do as
much as they can in the period that is available may be the most efficient and effective
approach. This strategy is especially important for the patient who has been previ-
ously sedentary or who has engaged in very low levels of physical activity. Program-
ming for prehabilitation should introduce exercise that is more than what the
individual already partakes in, so that the body experiences the stress of additional
work, but avoiding an exercise protocol that is too intense, which may result in fa-
tigue, injury, or (in our previous experience) poor adherence.11 Prehabilitation in a
4-week period (diagnosis to surgery) has been shown to be sufficient to improve dis-
tance in the 6-minute walk test, decrease heart rate/oxygen consumption at submax-
imal workloads, and improve peak power output.33 In addition, the program should
be varied, touching on the various components outlined in Box 1 (ie, aerobic and
muscle strengthening exercises) and reflecting the needs of the individual. A sample
exercise program from our laboratory is presented in Box 2. Allowing adequate rest
between bouts of exercise is also important, both for physical recovery and to reap
the physiologic benefits from the previous activity bout.34 To continue physical im-
provements, the programmust progress by slowly increasing the challenge of the ex-
ercise intensity. The concept of specificity should also be addressed when designing
an exercise program for prehabilitation: an individual improves their functional ca-
pacity according to the type of stress delivered.15 For instance, someone who trains
on a bicycle may not achieve a higher peak oxygen consumption if evaluated on a
treadmill. For that reason, the method of evaluation should reflect the type of training
prescribed. Specificity may also be evident when the exercise testing occurs at inten-
sities higher than training values (ie, measuring peak oxygen consumption [VO2peak]
after training at values 50%–60% of VO2peak). In this instance, submaximal evalua-
tion may be reflective of training and more appropriate to detect improvements in
the elderly population.35

In general, individuals who have been the least fit and the most sedentary show
the most improvements when they commence an exercise program.32 Since the ra-
tio of actual physiologic reserve to total physiologic reserve is small, even small
amounts of physical training are remarkable. Patients following simple walking
and breathing exercise guidelines have made marked improvements in walking ca-
pacity, as measured by the 6-minute walk test.11 Older adults are particular sus-
ceptible to bed rest and physical inactivity, because of their already low
functional capacity, this is a patient population who particularly benefit from tar-
geted intervention.22 In addition, prehabilitation programs that are multimodal
(including physical, nutritional, and psychological components) seem to be more
effective than programs that are unimodal.36 As indicated by systemic reviews, pre-
operative exercise intervention before cardiac or abdominal surgery has been
shown to reduce postoperative complications.8 For these reasons, a multimodal
prehabilitation program, with the aim of improving physical capacity before cancer
surgery, seems to be an efficient and cost-effective method to ameliorate patient
outcome after surgery.22
OPTIMIZING NUTRITION FOR PREHABILITATION

The nutritional status of patients scheduled for abdominal surgery is directly influ-
enced by the presence of cancer or other chronic conditions, such as inflammatory
bowel disease, which have an impact on all aspects of intermediary (protein,



Box 2

Example of 4-week prehabilitation program including physical activity and nutrition and

relaxation exercises

Aerobic exercise

� Start a slow walk to adequately warm up

� 30 minutes minimum of aerobic activity (walking/biking) 3 times per week at moderate
intensity (4–6 on the Borg Scale). If the participant finds the activity to be easier (2–3 on
the Borg Scale), then, the walking pace or duration should be gradually increased. It is
recommended not to surpass 7 to 8 on the Borg Scale. Example: walk at a normal pace for
5 minutes and then walk at a quicker pace for 2 minutes and repeat for the duration of time.

Resistance exercise

� All exercises are to be performed starting with 1 set of about 10 to 12 repetitions. Number of
sets and repetitions gradually increase to 2 sets and 12 to 15 repetitions.

� Use of a resistance band/handheld weights and some body weight exercises

� Body weight exercise involve the following:

- Push-ups (wall, modified, or full)

- Squats with the use of a chair

- Hamstring curls

- Calf raises

- Abdominal crunches (chair or floor)

� Theraband/handheld weight exercises involve the following

- Chest exercise

- Deltoid lifts

- Bicep curls

- Triceps extension

Flexibility

� Flexibility exercises are given for the following muscles (each exercise should be performed
twice and held for a minimum of 20 seconds).

� Chest

� Biceps

� Triceps

� Quadriceps

� Hamstring

� Calf

Breathing Relaxation Exercise

� Abdominal breathing (15 minutes twice daily)

� Use of relaxation CD (nature sounds and breathing instructions)

It is instructed to take protein within 30 minutes on completion of the exercise regimen.

Carli & Scheede-Bergdahl26
carbohydrate, lipid, trace element, vitamin) metabolism, and by other factors, such as
age, adjuvant cancer therapy, and stage of the disease. In addition, a patient who is
undernourished before surgery has a greater risk of morbidity and mortality.37 The pri-
mary goal of nutrition therapy is to optimize nutrient stores preoperatively and provide
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adequate nutrition to compensate for the catabolic response of surgery
postoperatively.38,39

The purpose of nutritional prehabilitation is therefore to prepare (or optimize) the pa-
tient for surgery, not necessarily to replace nutritional deficits. To be successful, nutri-
tion intervention requires a timeline that needs to start with preoperative assessment
and extend into the postoperative period. The shift to preemptive preoperative nutri-
tional therapy (which is focused on prevention) is strongly considered if the patient
meets risk criteria.40

The greater sensitivity of protein catabolism to nutritional support, in particular to
amino acids, could have important implications for the nutritional management of
these patients during periods of catabolic stress, with particular emphasis on sub-
strate utilization and energy requirement during the healing process. The European
Society for Clinical Nutrition and Metabolism recommends 1.2 to 1.5 g protein/kg,
for surgical patients. Protein intake is calculated as 20% of total energy expenditure,
determined individually, using a stress factor of 1.3 for major surgery and an appro-
priate activity factor.41

The benefits of an interaction between nutrition and physical exercise have been
studied in elderly patients, in whom it been shown that a minimum of 140 g of carbo-
hydrate taken 3 hours before exercise increases liver and muscle glycogen and facil-
itates the completion of the exercise session.42 Also, the time of ingesting a protein
meal after surgery is of importance; elderly individuals who consume 10 g proteins
immediately after weight training have their mean quadriceps fiber area increased
by 24% as well as their dynamic muscular strength.43,44

With regard to the type of nutrients, administration of a pharmaconutrition formula
containing arginine, fish oil, and nucleotides has been shown to reduce infection, other
complications, and hospital length of stay in patients undergoing major upper or lower
gastrointestinal surgeries, regardless of preexisting nutritional status.45,46 A synergis-
tic effect may exist between arginine and fish oils, and therefore, a combination of the
2 agents should be used. Timing of delivery is optimized by starting 5 to 7 days pre-
operatively (500–1000 mL per day) and continuing postoperatively. No prehabilitation
studies have been performed with administration of immunonutrition coupled with
physical activity/exercise.
Whey protein is another nutritional component that has attracted the interest of

exercise physiologists, because it is a protein that is highly bioavailable, is rapidly
digested, and contains all the indispensable amino acids.47,48 Compared with
casein, whey protein is also associated with an increase in protein synthesis.49 In
addition, when whey protein is compared with other sources of complete proteins,
whey is found to score highest on the quality assessments used to assess protein
quality, such as net protein utilization, biological value, and the protein digestibility
corrected amino acid score (a measure of how well a particular protein provides
indispensable amino acids).50 Whey protein plays a role in oxidative stress defense,
by increasing the content of intracellular stores of the antioxidant glutathione (GSH).
The mechanism of GSH is believed to be related to the in vivo synthesis of GSH be-
ing limited by the availability of the amino acid cysteine, found in rich supply in whey
protein. GSH is a major intracellular antioxidant that neutralizes reactive oxygen spe-
cies (ROS) by donating its sulfridryl proton.51 Because ROS is involved in cytokine
signaling during the acute phase response, the consumption of whey protein and
resultant increase in GSH levels, which neutralize ROS, may aid in blunting the in-
flammatory processes characteristic of the stress induced by surgery. In a recent
prehabilitation nutrition (no physical exercise) RCT, patients who had undergone
colorectal cancer surgery were given a daily whey protein supplement (10–20 g)
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for 4 weeks before surgery and the functional walking capacity (assessed by the
6-minute walk test) increased more than 20 m (minimal clinically important difference
for the measure of surgical recovery) in more than 50% of the subjects (C Gillis, per-
sonal communication, 2014).

STRATEGIES TO MINIMIZE THE EMOTIONAL BURDEN OF SURGERY

The physical burden of surgery is closely linked to the emotional one. Increased levels
of psychosocial distress seen in patients undergoing abdominal surgery are related to
the diagnosis (eg, cancer), the treatment (chemotherapy), and most often to the
disability (stoma siting). Several studies have identified that anxiety and depression
can affect postoperative outcome (eg, those who were more stressed on the third
day after surgery stayed longer in hospital, and those who were more optimistic
were not often hospitalized).52 Depression was associated with more infection-
related complication and poor wound healing.53–55 In a recent prehabilitation study
conducted in patients who underwent colorectal resections,56 those who improved
in functional capacity showed also positive changes in mental health and some as-
pects of the Short Form 36 subscale vitality. Anxiety at baseline was also associated
with poorer recovery. The belief that fitness aided recovery was a strong predictor of
improvement. Stress management before prostate surgery has been shown to affect
immune function.57

These observations indicate that there is a need to address the importance of incor-
porating mental strategies to attenuate the stress response and enhance the effect of
prehabilitation. Interventional studies that improve healing outcomes by reducing psy-
chological stress provide further evidence of the impact of psychological and behav-
ioral factors in wound repair.
Physical exercise can reduce psychological distress in addition to improving cardio-

vascular function. Older adults were randomized to an exercise intervention (1-hour
aerobic exercise session, 3 times per week) or a nonintervention control group. One
month after the beginning of the intervention, participants received a 3.5-mm punch
biopsy on the back of their nondominant upper arm. Older adults who exercised
healed their wounds on average 18 days earlier than those in the control group.58

Another aspect inherent to prehabilitation is related to the benefits of informing pa-
tients of all aspects of the perioperative process. The benefits of giving preoperative
information to patients include decreased length of stay, less demand for analgesia
postoperatively, and increased patient satisfaction.59 The use of information booklets
and tailoredmessages on how to promote personal health help to empower patients in
the control of their own health and become more involved in the healing process. The
prehabilitation program can provide adequate information that is made to suit
individual-level psychological characteristics, such as motivational orientation or
cognitive processing style. This process can elicit motivation and participation.
Although there has been great effort in studying the impact of physical exercise on

postoperative outcome, little has been done to address patient and caregiver’s
emotional burden of surgery. There is a growing interest in mind-body interventions,
with the intent to attenuate the stress of anxiety and sleep deprivation. Therefore, it
makes sense that a multimodal prehabilitation program includes all these aspects of
care in a multidisciplinary fashion.

WHO BENEFITS FROM PREHABILITATION?

Because people are living well in their late 70s, they are more likely to undergo surgery.
Morbidity and mortality associated with surgery increase with advancing age once
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individuals are older than 75 years. There is a large heterogeneity in this population,
with frail and cognitively impaired on one side and highly functional and robust on
the other side. There has also been a shift in the comorbidity of this population, with
an increase in cancer, obesity, diabetes, cognitive impairment, and osteoarthritis.36,60

Comprehensive preoperative assessments that take into consideration function-
ality, comorbidity, cognition, social support, nutrition, and medical assessment could
help identify those who are at risk of adverse events and formulate a treatment plan
before surgery.
Although there have been several studies emphasizing the benefit of long-term

endurance training in patients with chronic heart failure and the positive effect of reha-
bilitation physical exercise after reconstructive surgery, few studies have focused on
surgical prehabilitation in the elderly and patients with cancer with the intent to in-
crease physiologic reserve and enhance functional capacity in preparation for surgery.
It is assumed that elderly, frail patients with medical comorbidities, poor functional and
social status, at risk of malnutrition need some attention.61–63

The appropriate time for the development of a prehabilitation program is during
the preoperative assessment period for elective operations. At this time, the multi-
disciplinary team, which should include internal medicine, geriatrics, anesthesia,
surgery, dietetics, kinesiology/physiotherapy, and nursing, would devise a risk strat-
ification model and identify the type and duration of prehabilitation needed to bal-
ance the potential benefit of such intervention versus the potential harms of
delaying surgery.
RECOVERY AND EVALUATION OF PREHABILITATION

Traditionally, successful recovery from surgery has been identified with the patient
leaving the hospital and without complications during the first 30 postoperative
days. However, length of hospital stay may be affected by external elements, such
as socioeconomic, cultural, and institutional factors, and complications and mortality
are uncommon and often inconsistently measured.64 These measures are important to
clinicians and administrators but may not be relevant to the patient, who wants to go
back to baseline activities and to be able to function socially. This situation implies that
recovery is a more complex construct, because it includes physiologic, social, func-
tional, and economic domains.65 For example, with the trend of declining 30-day
morbidity and mortality as a result of better perisurgical and anesthesia care, ad-
vances in cancer therapy, and pharmacologic optimization, patients who have cancer
live longer, and, therefore, emphasis has shifted to cancer survivorship and commu-
nity reintegration.36

This situation shifts the paradigm from addressing short-term health issues to
considering long-term functional and psychosocial capacity and improving patient-
centered longitudinal outcome. The measures used to assess the impact of prehabi-
litation intervention on recovery need to be relevant in the context of the time chosen.
For example, in the first 3 weeks after surgery, the recovery trajectory focuses on
mobility, pain relief, and coping with side effects of medications, whereas at 6 to
8 weeks, the focus is more on quality of life and reintegration in the community and
the workplace.66

Outcome measures to evaluate the impact of prehabilitation need to take into
consideration 2 aspects of this program: the preoperative period, during which the
prehabilitation program is implemented, and the postoperative period, during which
the impact of the prehabilitation program is evaluated. The scope of the preoperative
period is to increase physiologic, physical, nutritional, and mental reserve. It is during
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this time that the multidisciplinary interventions aimed at making patients stronger for
surgery are chosen, taking into consideration the type of surgery and the patient’s
physiologic and metabolic conditions. In the second period, after surgery, the
increased reserve obtained during the prehabilitation phase is available to provide suf-
ficient energy and sustain the recovery process, which, in cases of cancer, might facil-
itate earlier administration of adjuvant therapy.
Because recovery is a complex phenomenon to assess, it is clear that a single

outcome measure is not able to capture the evolution of the healing trajectory. Prefer-
ably, a composite of objective performance measures together with self-reported
measures assessing functional status, independence, and feelings would help the
clinician to follow the progress.67

SUMMARY

Surgical prehabilitation is an emerging concept that derives from the realization that
perioperative care must include, beside clinical and pharmacologic preparation of
the surgical patient, preoperative physical, nutritional, and mental optimization. As
the population ages and mortality decreases, additional concerns in patients who un-
dergo surgery and other treatment include quality of life, community reintegration, and
physical andmental performance after surgery and cancer treatment. Multidisciplinary
prehabilitation programs that incorporate innovative comprehensive preoperative risk
evaluation need to be developed, tested, implemented, and directed to patients,
especially those at risk. The integrated role of physical exercise, adequate nutrition,
and psychosocial balance, together with medical and pharmacologic optimization,
deserves to receive more attention by clinicians.
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KEY POINTS

� Enhanced recovery principles mitigate against many of the factors that traditionally led to
relative hypovolemia in the perioperative period.

� Individualization of fluid prescription requires consideration of clinical signs and hemody-
namic variables.

� A large literature spanning 4 decades supports goal-directed fluid therapy.

� Application of this evidence to justify stroke volume optimization in the setting of major
surgery within an enhanced recovery program is controversial.
Individuals having major abdominal surgery need perioperative fluid supplementation.
This requirement is caused by:

� A physiologic stress response to the surgery. Incision and tissue handling trigger
endocrine and inflammatory changes that lead to:
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� Redistribution of water from body fluid compartments
� Endothelial changes promoting leakage of fluid out of capillaries
� Redistribution of blood flow
� Activation of sodium and water retention mechanisms

� The magnitude of the stress response varies between individuals, and even
within the same individual, depending on the condition in which they present
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for surgery. Patients who are acutely ill tend to have a greater inflammatory
response; this may be modified by preoperative factors such as nutritional sta-
tus, neoadjuvant chemotherapy and radiotherapy, antibiotics, and steroids.

� Replacement of losses:
� Preoperative dehydration if oral fluids are withheld
� These effects may be magnified by bowel preparation
� Losses caused by the underlying disorder (eg, preoperative vomiting, diarrhea,
or evaporative losses)

� Blood loss, although major hemorrhage is rare during elective bowel surgery
� Hemodynamic changes induced by anesthesia:

� Vasoparesis and venodilatation in response to neuraxial blockade1

� Drug effects on vasomotor tone and cardiac contractility; in general, anes-
thesia promotes vasodilatation

� Vasoconstriction in response to pressor agents
� Hemodynamic changes induced by surgical conditions:

� Positioning (eg, head up or down, prone2)
� Pneumoperitoneum to facilitate laparoscopic surgery

� Reduced oral intake in the postoperative period, which may be complicated by
intestinal ileus, excessive use of opioids, gastric tubes, nausea, vomiting.

Many of these mechanisms promote hypovolemia, which is a deficit in intravascular
fluid volume.
PERIOPERATIVE FLUID REQUIREMENTS IN THE CONTEXT OF ENHANCED RECOVERY

In contrast with the emergency setting, in which many of the pathophysiologic pertur-
bations discussed earlier are already in place at the time of surgery, enhanced recov-
ery mitigates against most of these factors.

� Patients are brought to theater in a well-hydrated state, having also been pro-
vided with preoperative carbohydrate drinks.

� Routine bowel preparation is avoided for most colonic resections.
� Laparoscopic or small-incision surgery seeks to minimize physiologic
disturbance.

� Long-acting opioids, which may cause ileus, are avoided.
� In many enhanced recovery (ER) programs, epidural blockade is also avoided,
minimizing hemodynamic changes caused by regional anesthesia.3

� ERs incorporate a general fluid therapy philosophy of avoidance of sodium and
water overload (discussed later).

� Early resumption of enteral feeding, early mobilization, and reduced tubes and
drains are intended to allow patients to self-regulate their fluid and nutritional
intake from soon after surgery.4

For these reasons perioperative fluid management may be different within ER path-
ways than in other settings.
GENERAL APPROACHES TO INTRAOPERATIVE FLUID THERAPY
Fixed-volume Strategies

During surgery, intravenous fluid administration is necessary. In the past, a simplistic
fixed-volume approach has been used, whereby an estimated baseline fluid regimen
is commenced, and then modified based on measurement of preoperative and
ongoing losses, and on information from conventional hemodynamic monitoring.
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Whether this baseline fluid regimen should be liberal or restrictive has been the source
of much debate. A key factor here is so-called third-space loss, which is the concept
that a large amount of fluid (perhaps 10 mL/kg/h) shifts from the intravascular into the
peritoneal space and evaporates when the abdomen is open during surgery, and that a
degree of fluid redistribution and capillary leak persists for a time after surgery, creating
a risk of relative hypovolemia. A liberal intraoperative fluid regimen is variably defined,
but typically involves a bolus of 500 to 1000 mL of intravenous crystalloid before the
commencement of surgery, around 10 mL/kg/h during surgery, and a further 2 to 3 L
intravenous fluid after surgery, totaling more than 5 L in the first postoperative day.5

Although deeply entrenched in clinical teaching and practice for decades, there is
minimal evidence that third-space loss occurs.6

There is a paucity of large-scale perioperative studies to date, but many small trials,
systematic reviews, and meta-analyses consistently favor a restrictive approach.5,7–9

It is relevant that a recent randomized controlled trial (RCT) of resuscitation strategies
for gastroenteritis in sub-Saharan African children linked liberal fluid prescription with
an increased mortality.10

What constitutes restrictive is also variably defined; avoidance of fluid excess is
perhaps a more appropriate terminology.11 The summary from meta-analysis is that
patients in the restrictive arms of studies received around 1500 mL less intraoperative
crystalloid (95% confidence interval [CI], 986–2154 mL) than those in the liberal group5

and that this was associated with a lower rate of complications and a shorter hospital
stay.
A problem with fixed-volume strategies is that they disregard interindividual varia-

tion. The ideal is to individualize fluid therapy so as to avoid harmful effects of either
hypovolemia or fluid overload (Fig. 1).
Fig. 1. A conceptual curve portraying the relationship between perioperative administered
fluid volume and postoperative morbidity, and factors influencing shift of the curve (arrow).
Boxes indicate the risk of complications associated with deviation from normovolemia. PONV,
postoperative nausea and vomiting; SIRS, systemic inflammatory response syndrome. (From
Bundgaard-NielsenM, Secher N, Kehlet H. ‘Liberal’ vs. ‘restrictive’ perioperative fluid therapy –
a critical assessment of the evidence. Acta Anaesthesiol Scand 2009;53:850; with permission.)
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Conventional Hemodynamic Monitoring

Individualization of fluid prescription needs to take into account gender, age, compli-
cating illnesses, body composition, and preoperative hydration.12 In clinical practice,
regimens are not fixed doses; fluid administration is modified at the discretion of
attending clinicians, based on consideration of various clinical signs, hemodynamic
variables, and biomarkers.

� Heart rate, systolic and diastolic blood pressure, and pulse pressure are real-
time hemodynamic measurements that are readily available during and after sur-
gery; however, these are not a good reflection of central blood volume, because
they are also affected by anesthesia and surgical stress. Moreover, compensa-
tory changes, particularly splanchnic vasoconstriction, can mask hypovolemia.
In a healthy volunteer study, heart rate and BP remained stable despite venesec-
tion of 25% of blood volume.13

� Peripheral perfusion and temperature may similarly be influenced by other peri-
operative factors.

� Urine output is an inaccurate reflection of central blood volume: pressure diuresis
may occur even if there is relative hypovolemia; conversely, the surgical stress
response promotes water and salt retention, and pneumoperitoneum may cause
oliguria.

� Central venous pressure measurements do not correlate well with intravascular
volume because a multitude of factors (muscle relaxation, remifentanil infusions,
epidural and spinal anesthesia, and pneumoperitoneum) affect venous tone.
In general, central venous pressure does not predict fluid responsiveness
(unless very low) so cannot be used to identify when patients need more
fluid,14 although it may serve as an indicator of venous capacitance to avoid
overinfusion.

� Biomarkers, such as arterial lactate, and a comparison of central venous and
arterial oxygen saturations to characterize tissue oxygen extraction have some
potential,15 but are not highly responsive to real-time hemodynamic changes.
Global measurements may not reflect perfusion in particular tissues, especially
the intestines, and algorithms incorporating their use are complex. The situation
is further complicated because central venous sampling is from the superior vena
cava and therefore a true mixed venous saturation is not obtained. Trending and
response to fluid boluses may be useful in the immediate postoperative period
(4–6 hours); however, in most surgical patients, perturbations in measured tissue
oxygenation during surgery are minimal in contrast with the oxygen delivery
changes seen in critically ill patients.16–18
Advanced Hemodynamic Monitoring

The ability to use extra hemodynamic information to judge fluid administration during
surgery is an attractive concept. This technique was previously difficult because it
generally required insertion of a pulmonary artery catheter and thermodilution tech-
niques to measure cardiac stroke volume and other variables. However, minimally
invasive technology is now readily available in the form of cardiac output or flow-
based monitors, which seem to provide reasonably accurate estimations of functional
circulating volume and can be used continuously throughout surgery to monitor for
any deficit or excess. Prominent techniques are:

� Arterial waveform analysis; converting the pulse pressure signal into a nominal
stroke volume
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� Esophageal Doppler; deriving stroke volume from blood flow in the descending
thoracic aorta

� Plethysmography; in effect, using the fullness of the fingertip with each heartbeat
to estimate circulating blood volume

� Finger cuffs; using the volume clamp method to continuously measure blood
pressure and stroke volume from a finger cuff

� Partial carbon dioxide rebreathing; using the reverse Fick principle to calculate
cardiac output

� Transthoracic bioimpedance and bioreactance; exploiting the variation in electri-
cal resistance with intrathoracic blood volume during the cardiac cycle

In practice, a monitor’s ability to display a nominal cardiac output is of questionable
value. To be of practical use for perioperative fluid therapy, measured variables need
to be incorporated into a dynamic algorithm, so that the user can direct fluid therapy
toward specific hemodynamic targets; so-called goal-directed fluid therapy (GDFT).
Most perioperative algorithms are based on stroke volume optimization (SVO) (Box 1).
A perioperative fluid therapy strategy based on detection and treatment of occult

hypovolemia with small fluid challenges should reduce adverse effects related to
Box 1

Cardiac output monitors in practice: the SVO concept

Although the new generation of advanced hemodynamic monitors are commonly referred to
as cardiac output monitors, their main clinical application is to characterize fluid responsive-
ness; that is, a measurable increase in stroke volume in response to a fluid challenge. Fluid
responsiveness is taken as being synonymous with hypovolemia. It is thought that individuals
are normovolemic when their stroke volume is at the shoulder of the Frank-Starling curve in
the supine position. According to this model, patients are hypovolemic when the stroke vol-
ume is on the steep, ascending leftward part of the Frank-Starling curve, whereas an increase
in preload does not translate to an increase in stroke volume when stroke volume is on the
plateau. It is possible to exploit this clinically with a fluid challenge: a minimal response sug-
gests that stroke volume is on the plateau. If the stroke volume increases 10% or more within
5 minutes, then the patient is assumed be on the steep upward part of the curve and to have
been fluid responsive (as opposed to no increase, which would place the patient on the flat
normovolemic portion of the curve).

Most stroke volume monitors use this concept in their suggested algorithms for fluid therapy.
Some monitors in addition are able to continuously display so-called dynamic flow indicators:
stroke volume variability, pulse pressure variation, and systolic pressure variability, all derived
from the arterial pressure waveform. These indicators are essentially mini fluid challenges pro-
vided by swings in intrathoracic pressure induced by intermittent positive pressure mechanical
ventilation. The stroke volume (or pulse pressure or systolic pressure) response during each res-
piratory cycle is inversely related to circulating volume. When the stroke volume is on the
plateau of the Starling curve, arterial pressure swings are minimized; when hypovolemia is pre-
sent, variability increases. Certain conditions are essential when using dynamic flow indices: a
regular pulse (so that variability in diastolic filling time is not a factor), a sufficiently large tidal
volume to cause a swing in intrathoracic pressure with mechanical ventilation, and an absence
of spontaneous breathing efforts (which would interfere with intrathoracic pressure) (Fig. 2).

In clinical practice, the SVOalgorithm is used, andother information, suchas conventional hemo-
dynamic signals to maintain the ideal stroke volume, is also considered. In effect, the additional
advancedmonitoring gives the user confidence to administer or withhold fluid at certain stages
of the operation at which they otherwise might not (ie, bespoke individualized fluid therapy).

Intraoperative conditions such as pain, position, and pneumoperitoneum may have an effect
on stroke volume (or stroke volume variation) at a particular moment, but the ultimate aim
is to have each patient euvolemic at the end of surgery.



Fig. 2. Response of stroke volume (SV) to a fluid challenge (FC) is a marker of position on the
Frank-Starling curve. Where SV increases more than 10% in response to 200 mL of isotonic
fluid (A to B), patients are described as fluid responsive. Where SV does not increase to this
extent (C to D), then no further FC is given. In the case of SV variation and other dynamic
flow indices, the SV (or other variable such as systolic pressure) varies in response to preload
changes induced by mechanical ventilation rather than an FC per se, but the concept is
similar. Where SV variation is greater than 12% patients are likely to be fluid responsive,
and where SV variation is less than 10% they are not likely to be. SVO refers to using fluid
(either colloid or isotonic crystalloid) to keep the SV at the shoulder of the curve (E), which is
similar to keeping SV variation less than 10%.

Minto et al40
inadequate circulating volume, and, overall, this is what the literature shows.
Compared with a fixed-dose fluid regimen modified by conventional static measure-
ments, GDFT is associated with better clinical outcomes.
The definitive 2013 Cochrane Systematic Review on the subject, “Perioperative In-

crease in Global Blood Flow to Explicit Defined Goals and Outcomes after Surgery,”
includes 31 studies comprising 5292 participants and shows a clear reduction in com-
plications, particularly renal and respiratory failure and wound infections.19

There is also biological plausibility. In early studies, patients in the GDFT group had
significantly higher end-operative stroke volume20–23 compared with conventional
practice, suggesting that occult hypovolemia was being avoided. The amounts of fluid
were not very different; the GDFT group on average received a larger amount of intra-
operative colloid (467 mL; 95% CI, 331–603) than the non–goal-directed group.5 The
hypothesis is that the effect is caused by timing; not only is tissue ischemia avoided
but patients are also saved from fluid loading at inappropriate times. Excess fluid given
at the wrong time is not neutral, it results in edema24 and can damage the endothelial
glycocalyx,25 promoting further edema.
In 2011, from the available evidence, the UK National Institute for Healthcare and

Clinical Excellence strongly endorsed cardiac output monitoring to guide periopera-
tive fluid administration in appropriate cases,26 and GDFT has been enthusiastically
adopted as a pillar of enhanced recovery care.27

TERMINOLOGY: GOAL DIRECTED OR GOAL MISDIRECTED?

On a cautionary note, although systematic reviews of the literature may consistently
support goal-directed therapy (GDT),19,28–31 all of these meta-analyses combine evi-
dence from many settings. GDT is a vague term, meaning different things to different
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people and, depending on the clinical environment, sometimes even different things to
the same person.11 It can refer to perioperative fluid management, clinicians driving
oxygen delivery to supramaximal levels in critical care patients, or early treatment of
sepsis in the emergency department.
Even when considered just in surgical patients, fluid therapy can be delivered with or

without inotropes, preoperatively, intraoperatively, and postoperatively, and to pa-
tients whomay or may not be critically ill. GDFT, in whatever guise, is designed to opti-
mize global tissue oxygen delivery and oxygen consumption. For most elective
perioperative patients it seems that this can be achieved by optimization of preload
alone (ie, provision of fluid).
Therefore when interpreting the extensive available literature on GDFT, it is impor-

tant to appreciate the distinction between these 3 clinical questions:

� In high-risk patients, do interventions to increase global oxygen delivery during
the perioperative period produce clinical benefit?

� For all patients having major surgery, is the use of additional monitoring to mea-
sure fluid responsiveness beneficial? – Does SVO work?

� Is it necessary to optimize patients all the way through surgery or does a period of
postoperative optimization of oxygen delivery and reperfusion restore oxygen,
nutrients, and blood pressure after a period of cellular injury?

Perhaps clinicians should be cautious in extrapolating evidence from one setting to
the other. Stroke volume is a surrogate; in the theater environment, it is hoped that he-
modynamic interventions will optimize oxygen delivery but there is currently no useful
monitor of tissue well-being to verify that interventions are working in real time.
GOAL-DIRECTED FLUID THERAPY SPECIFICALLY IN THE ENHANCED RECOVERY SETTING

The ER is viewed as a package to be applied, bringing such an improvement in quality
of care that there is little need to unpick the particular element of the package that af-
fords the most benefits. There is a clear association between compliance with all the
elements and a better clinical outcome.32 Perioperative GDFT is such a cornerstone of
enhanced recovery that the 20 or so steps that constitute recognizable ER programs
have been simplified into a trimodal system of:

� GDFT
� Good analgesia
� Everything else33

GDFT is successfully incorporated into 23-hour-stay laparoscopic colorectal34 and
short-stay liver resection pathways.35 Even this evidence is conflicting because pa-
tients in colorectal surgery were stroke volume optimized throughout, whereas pa-
tients having liver resection were rendered hypovolemic with low-pulse-pressure
anesthesia during surgery and resuscitated to restore stroke volume as rapidly as
possible after the end of the liver resection. This raises the question of whether there
are key periods to aim for SVO and whether it is necessary throughout the operative
period. It may be more beneficial to reduce stroke volume and blood pressure to
reduce blood loss as long as hypoperfusion is limited and parameters are restored
at the end of surgery.
So much of the evidence for GDFT is from an era when perioperative surgical prac-

tice was different; it is probable that many control patients in those trials were hypo-
volemic during surgery. As overall perioperative care changes, so apparently does the
measurable impact of any particular intervention, including a complex intervention like
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GDFT.28 If clinicians confine their analysis to RCTs of GDFT versus conventional man-
agement within a defined ER program, it is apparent that there is a paucity of them. A
systematic review published in 2014 found only 4 in elective colorectal surgery.36–40

Two of these37,38 were not included in the Cochrane Review of perioperative increase
in global blood flow to the explicit defined goals cited earlier. The largest multicentre
study of perioperative GDFT to date, OPTIMISE, contains a meta-analysis of all rele-
vant trials up to early 2014, including those two, and indicates an overall benefit for
GDFT, but the overall result is still influenced by all the early studies.31

Current evidence suggests no effect of SVO guided by esophageal Doppler moni-
toring on complication rates (Table 1) or length of stay after colorectal surgery con-
ducted within ER pathways.
This lack of effect may be a result of newer trials being conducted within an environ-

ment of optimized perioperative care. As a result, patients are more likely to be fluid
replete during surgery and may not have benefitted from targeted fluid administration
(Fig. 3). Even among these 4 trials, there is some statistical heterogeneity, reflecting
different conditions of the included studies. In 2 of the RCTs,37,38 GDFT was tested
against fluid restriction, whereby meticulous attention was paid to fluid balance. Pa-
tients came to theater in a euvolemic state, a conservative baseline infusion of intra-
operative crystalloid was advocated, intraoperative losses were carefully monitored
and replaced volume for volume with colloid, and response was monitored with con-
ventional hemodynamic signals. Around two-thirds of the participants in 1 study had
laparoscopic surgery, minimizing blood loss and physiologic fluid shifts.38 An average
of 900 to 1300mL of crystalloid and 300 to 500mL of colloid were given during surgery
lasting around 2 hours. Esophageal Doppler–guided GDFT had no benefit compared
with this regimen in either study.
In contrast, in a third study, although perioperative care was provided within an ER

pathway, control patients had a considerably more liberal perioperative fluid
regimen.39 In addition, intervention patients were given an additional 1.3 L of intrao-
perative colloid by an investigator; apparently to their detriment because they
remained in hospital for 2 days longer than controls. Our interpretation is that the
GDFT algorithm that was used failed to guard against fluid overload in patients who
were receiving a liberal baseline fluid regimen (discussed later).
Table 1
Forest plot comparing overall complication rates in esophageal Doppler monitor (ODM) and
control groups after colorectal surgery within an enhanced recovery protocol. A Mantel-
Haenszel random-effects model was used for meta-analysis. Odds ratios are shown with 95%
confidence intervals

References

Complications Weight
(%) Odds Ratio Odds RatioODM Restriction

Brandstrup et al38 23 of 71 24 of 79 37.5 1.10 (0.55, 2.19)
Challand et al39 63 of 89 60 of 90 44.6 1.21 (0.64, 2.28)
Srinivasa et al37 26 of 37 26 of 37 18.0 1.00 (0.37, 2.71)

Total 112 of 197 110 of 206 100.0 1.13 (0.74, 1.72)

eterogeneity: t2 5 0.00; c2 5 0.11, 2 degrees of freedom, P 5 .95; I2 5 0%.
Test for overall effect: Z 5 0.56, P 5 .58.
From Srinivasa S, Lemanu D, Singh P, et al. Systematic review and meta-analysis of oesophageal
oppler-guided fluid management in colorectal surgery. Br J Surg 2013;100:1705; with permission.



Fig. 3. Conceptual model contrasting perioperative fluid status changes and fluid therapy in
the settings of enhanced recovery after surgery (ERAS) and traditional surgery. Surgery and
physiologic shifts tend to reduce intravascular volume during the early stages of the periop-
erative period, whereas intravenous (IV) fluid may promote a relative fluid excess in the
hours to days afterward. In general, ERAS minimizes these physiologic changes.
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Perioperative fluid therapy may be restrictive, liberal, goal directed, or a combina-
tion thereof. Overall, there is evidence that, within an ER setting, a carefully monitored
restrictive regimen is equivalent to intraoperative GDFT for patients having elective
colorectal surgery, and that both of these are better than liberal fluid therapy supple-
mented by SVO.
Note that, in a small study of 32 patients having 2-hour colonic resections within a

multimodal ER regimen, a regimen of restrictive fluids (median 1640 mL of intrave-
nous fluid on the day of surgery) compared with liberal fluids (median 5050 mL)
was associated with more complications (18 in 6 patients vs 1),41 suggesting that
it is possible to be overly restrictive. In contrast, in a study examining compliance
with components of ER, avoidance of fluid overload was the most important factor
in avoiding complications: for every liter of fluid administered, postoperative compli-
cations (mainly cardiorespiratory) increased by 32%.32 Every liter of postoperative
fluid excess is associated with an additional day in hospital stay.3 For colorectal sur-
gery within ER, euvolemia is desirable, but the best way to achieve this has not been
resolved.
In other major abdominal surgical settings evidence is more limited. A study of

esophageal Doppler monitor (ODM)–guided GDFT in cystectomy42 suggests benefit,
although the study is not specified as being within ER, and an RCT of GDFT for major
gynecology43 showed no difference in complication rates, although it had an overall
length of stay of 11 days. Single studies constitute insufficient evidence to make
conclusions.

CONTROVERSIES: VALIDITY OF THE STROKE VOLUME OPTIMIZATION CONCEPT

A valid question is whether novel hemodynamic devices and indices provide a false
sense of security. As discussed, the monitors are claimed to be effective to charac-
terize fluid responsiveness, which is taken as a sign of hypovolemia (see Box 1). A
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problem with this approach is that the scientific foundations are not well established.
Guidance that clinicians should give 200 mL of fluid (until recently colloid was advo-
cated) and wait 5 minutes for a 10% increase in stroke volume seems arbitrary.
The association of dynamic flow indices with fluid responsiveness has a more sound

methodological basis. A receiver operator curve comparing the variable in question
(eg, stroke volume variation) with a gold standard method of assessing volume status
(eg, LV volume measured by transesophageal echo) is used to establish thresholds for
prediction of fluid responsiveness.44 A further degree of sophistication is introduced
by identifying 2 thresholds; one that prioritizes specificity (not giving fluid to patients
who do not need it) and the other that prioritizes sensitivity (ie, making sure that all
cases of hypovolemia are detected). The interval between them is a zone of uncer-
tainty (clinicians cannot be certain whether patients are– fluid responsive or not) in
which around 25% of readings from typical perioperative cohorts occur.45

Sophisticated as they may be, clear evidence of benefit using dynamic flow indices
to guide GDFT during contemporary surgery is scarce. The variables require certain
conditions: a delivered tidal volume more than 7 mL/kg, absence of spontaneous
breathing activity, absence of cardiac rhythm abnormalities (which make diastolic
filling inconsistent), and ideally a responsive breath-by-breath calculation method,
many of which are lacking in a high proportion of intraoperative patients.46 The possi-
bility exists that an open abdomen attenuates pressure swings, whereas a pneumo-
peritoneum accentuates it.
Moreover, comparisons of monitors to predict fluid responsiveness in the same

patients often do not agree closely with one another.47 In addition, even the asser-
tion that fluid responsiveness indicates hypovolemia is questionable. In a recent
study around half of the well-hydrated volunteer subjects showed a stroke volume
increase of more than 10% in response to a passive leg raise (in effect, a fluid
challenge).48

Further, in contrast with the more sequentially evolving environment of critical care,
the intraoperative setting is characterized by rapid changes in stimuli, endogenous
catecholamine levels, effects of drugs, and hemorrhage, all of which may affect stroke
volume. Rather than having a single Frank-Starling curve, depending on these factors,
individuals move serially between a family of ventricular function curves (depending on
cardiac contractility and afterload), so it is difficult to be sure what the optimum stroke
volume is at a particular moment.49

It has been implied with SVO that advanced hemodynamic monitoring protects
against a fluid overload, but perhaps this is not the case. The distinction between
SVO and stroke volume maximization is more than semantic50: any excess fluid could
be detrimental.24 As well as signals about relative hypovolemia, GDFT algorithms
require clear stopping thresholds (ie, signs that the circulating volume is full) and it
is possible that this aspect of the algorithm has been found wanting when SVO has
been tested under ER conditions.
REQUIRED RESEARCH
Effectiveness Trial Within an Enhanced Recovery Environment

Translation of a complex intervention into clinical benefit requires that the intervention
is shown to work when clinicians apply it to patients in routine hospital practice. There
are as yet no large RCTs investigating the clinical effectiveness of GDFT to improve
outcomes within an ER context. It seems unlikely that additional hemodynamic infor-
mation can lead to harm39 but, in a cost-constrained environment, in order to be cost-
effective GDFT has to be shown to be better.
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Adequate blinding of GDFT is difficult, so several trials are biased in that perioper-
ative clinicians knew which group patients were allocated to,21,23,40 which may sys-
tematically affect their overall care or the determination of outcomes. In contrast,
attempts to blind delivery of the intervention22,37–39 render the study protocol different
from real-life use.
Any literature that comprises many single-center efficacy studies is open to the pos-

sibility of publication bias (ie, that only studies with a positive result are published); the
Cochrane meta-analysis suggests that this is the case with the GDFT literature.19

Definitive sufficiently powered effectiveness trials are difficult to conduct: they
require a cooperative network of centers capable of delivering an intervention (in
this case GDFT) consistently within an ER program that is broadly similar across all
the centers. Within an effectiveness trial, prospectively defined subgroup analysis
(eg, types of surgery, levels of comorbidity, or aerobic fitness) may be analyzed to
identify particular settings in which GDFTmay be useful.51 An RCT of restrictive versus
liberal fluid therapy for contemporary major abdominal surgery intending to recruit
more than 2800 patients is underway52 in which there is a planned statistical interac-
tion analysis to investigate the effect of GDFT superimposed on the basal fluid regi-
mens, although this is no substitute for a prospective large head-to-head trial.

DO PERIOPERATIVE INOTROPES CONVEY ADDITIONAL BENEFIT?

A large proportion of trials included in meta-analyses allow for the use of inotropes as
well as fluid challenges. OPTIMISE, the largest perioperative GDFT study to date,
showed a strong but nonsignificant trend toward benefit for an arterial wave form–
derived SVO algorithm in 730 surgical patients; however, the intervention group in
addition received a fixed-dose regimen of dopexamine during surgery and for 6 hours
afterward.31 Positive outcomes may be caused by beta-agonist drugs having benefi-
cial antiinflammatory and other metabolic effects.53 A much larger multicentre RCT
investigating this premise further is currently being set up by the OPTIMISE investi-
gating group, but this will take at least 5 years to produce answers. Another interpre-
tation of the results is that it is 6 postoperative hours of close attention that pays
dividends. This interpretation has echoes in the evolution of the literature17 on early
GDT in patients presenting to the emergency department with septic shock. In a
single-center efficacy trial, dramatic benefits were shown for GDFT compared with
usual care. The protocol-based care for early septic shock (ProCESS) study recently
tested the same GDFT regimen against 2 other fluid therapy strategies applied for 6
hours in 1341 patients across 31 centers and showed no difference in 60-day mortality
from septic shock.54 It may be that what affects clinical outcomes is care being closely
applied and monitored by diligent personnel, rather than monitors and algorithms
per se.
ER focuses on simple steps of care delivered consistently and meticulously.

SUBGROUPS OF BENEFIT?

Laparoscopic colorectal surgery, involving a long period of pneumoperitoneum in a
head-down position, has been described as minimally invasive surgery with maximal
cardiovascular stress. This hemodynamic model of cardiac failure is in contrast with
the compensated hypovolemia model of supine open abdominal surgery. Several
observational and quality-improvement studies have been published by the Guildford
group, for example, describing a Do2 target of 400 mL/min-1/m-2 to be a useful
threshold in reducing complications,55 and several prominent GDFT studies include
a large proportion of laparoscopic patients,38–40 with some attempt to adapt a generic
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SVO algorithm during pneumoperitoneum.38 However, prospective subgroup analysis
(or ideally a GDFT RCT with a bespoke algorithm confined to laparoscopic resection
patients) is lacking.
Some patients, by dint of comorbidities, underlying functional capacity, neoadju-

vant chemoradiotherapy, or magnitude of surgical resection, are at higher risk than
others of complications, but possible differential effects of GDFT in subgroups have
not been adequately investigated in studies to date.

CURRENT BEST PRACTICE

Meticulous adherence to perioperative fluid administration is effective.27

GDT does not seem to cause harm (if done correctly) and although there is no
evidence it seems sensible to match monitoring to surgical and patient risk.
Current consensus is that, for patients who arrive in theater in a euvolemic state, a

crystalloid infusion of around 1.5 mL/kg/h during surgery is a reasonable baseline;
additional fluid challenges can be used in response to measured losses and hemody-
namic signals. It is perhaps easier to achieve individualized fluid therapy with a stroke
volume–targeted approach guided by an advanced hemodynamic monitor, as long as
particular attention is paid to stopping thresholds so as to avoid fluid excess. Because
of a lack of specific evidence of benefit for GDFT when the physiologic disturbance
attributable to the surgery is minimized, as in enhanced recovery, the point is not
proved.
All fluid therapy and vasopressors should be administered according to the hemo-

dynamic model at the particular stage of the operation; for example, steep head-up or
head-down positions present different hemodynamic conditions. The aim is to have
sufficient circulating volume and blood flow to avoid tissue hypoxia at all stages of
the operation, and ultimately to have each patient euvolemic in the awake, supine
state at the end of surgery, so that minimal postoperative intravenous fluid is required,
and then only in response to clear clinical evidence of hypovolemia.

REFERENCES

1. Gould TH, Grace K, Thorne G, et al. Effect of thoracic epidural anaesthesia on
colonic blood flow. Br J Anaesth 2002;89:446–51.

2. Biais M, Bernard O, Ha JC, et al. Abilities of pulse pressure variations and stroke
volume variations to predict fluid responsiveness in prone position during scoli-
osis surgery. Br J Anaesth 2010;104(4):407–13.

3. Levy BF, Scott MJ, Fawcett WJ, et al. Randomized clinical trial of epidural, spinal
or patient-controlled analgesia for patients undergoing laparoscopic colorectal
surgery. Br J Surg 2011;98:1068–78.

4. Fearon KC, Ljungqvist O, Von Meyenfeldt M, et al. Enhanced recovery after
surgery: a consensus review of clinical care for patients undergoing colonic
resection. Clin Nutr 2005;24:466–77.

5. Corcoran T, Clarke S, Myles P, et al. Perioperative fluid management strategies in
major surgery: a stratified meta-analysis. Anesth Analg 2012;114:640–51.

6. Brandstrup B, Svendsen C, Engquist A. Hemorrhage and operation cause a
contraction of the extra cellular space needing replacement—evidence and
implications? A systematic review. Surgery 2006;139:419–32.

7. Brandstrup B, Tønnesen H, Beier-Holgersen R, et al, Danish Study Group on Peri-
operative Fluid Therapy. Effects of intravenous fluid restriction on postoperative
complications: comparison of two perioperative fluid regimens: a randomized
assessor-blinded multicenter trial. Ann Surg 2003;238:641–8.

http://refhub.elsevier.com/S1932-2275(14)00129-3/sref1
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref1
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref2
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref2
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref2
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref3
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref3
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref3
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref4
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref4
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref4
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref5
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref5
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref6
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref6
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref6
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref7
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref7
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref7
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref7


Monitoring Needs and Goal-directed Fluid Therapy 47
8. Lobo DN, Bostock KA, Neal KR, et al. Effect of salt and water balance on
recovery of gastrointestinal function after elective colonic resection: a rando-
mised controlled trial. Lancet 2002;359:1812–8.

9. Nisanevich V, Felsenstein I, Almogy G, et al. Effect of intraoperative fluid manage-
ment on outcome after intraabdominal surgery. Anesthesiology 2005;103:25–32.

10. MaitlandK,Kiguli S,OpokaRO,et al, forFEASTTrialGroup.Mortalityafter fluidbolus
in African children with severe infection. N Engl J Med 2011;364(26):2483–95.

11. Roche A, Miller T. Goal-directed or goal-misdirected–how should we interpret the
literature? Crit Care 2010;14:129.

12. Bundgaard-Nielsen M, Secher N, Kehlet H. ‘Liberal’ vs. ‘restrictive’ perioperative
fluid therapy – a critical assessment of the evidence. Acta Anaesthesiol Scand
2009;53:843–51.

13. Hamilton-Davies C, Mythen M, Salmon J, et al. Comparison of commonly used
clinical indicators of hypovolaemia with gastrointestinal tonometry. Intensive
Care Med 1997;23:276–81.

14. Marik P, Baram M, Vahid B. Does central venous pressure predict fluid respon-
siveness? Chest 2008;134:172–8.

15. Donati A, Loggi S, Preiser JC, et al. Goal-directed intraoperative therapy reduces
morbidity and length of hospital stay in high-risk surgical patients. Chest 2007;
132:1817–24.

16. Cohn S, Pearl R, Acosta S, et al. A prospective randomized pilot study of
near-infrared spectroscopy-directed restricted fluid therapy versus standard fluid
therapy in patients undergoing elective colorectal surgery. Am Surg 2010;76:
1384–92.

17. Rivers E, Nguyen B, Havstad S, et al, Early Goal-Directed Therapy Collaborative
Group. Early goal-directed therapy in the treatment of severe sepsis and septic
shock. N Engl J Med 2001;345(19):1368–77.

18. Shoemaker W, Appel P, Kram H, et al. Prospective trial of supranormal values of
survivors as therapeutic goals in high-risk surgical patients. Chest 1988;94:
1176–86.

19. Grocott M, Dushianthan A, Hamilton M, et al, Optimisation Systematic Review
Steering Group. Perioperative increase in global blood flow to explicit defined
goals and outcomes following surgery. Cochrane Database Syst Rev
2012;(11):CD004082.

20. Conway DH, Mayall R, Abdul-Latif MS, et al. Randomised controlled trial investi-
gating the influence of intravenous fluid titration using oesophageal Doppler
monitoring during bowel surgery. Anaesthesia 2002;57:845–9.

21. Gan T, Soppitt A, Maroof M, et al. Goal-directed intraoperative fluid administration
reduces length of hospital stay after major surgery. Anesthesiology 2002;97:
820–6.

22. Noblett SE, Snowden CP, Shenton BK, et al. Randomized clinical trial assessing
the effect of Doppler-optimized fluid management on outcome after elective colo-
rectal resection. Br J Surg 2006;93:1069–76.

23. Wakeling H, McFall M, Jenkins C, et al. Intraoperative oesophageal Doppler
guided fluid management shortens postoperative hospital stay after major bowel
surgery. Br J Anaesth 2005;95:634–42.

24. Jacob M, Chappell D, Rehm M. Clinical update: perioperative fluid management.
Lancet 2007;369:1984–6.

25. Woodcock TE, Woodcock TM. Revised Starling equation and the glycocalyx
model of transvascular fluid exchange: an improved paradigm for prescribing
intravenous fluid therapy. Br J Anaesth 2012;108(3):384–94.

http://refhub.elsevier.com/S1932-2275(14)00129-3/sref8
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref8
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref8
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref9
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref9
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref10
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref10
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref11
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref11
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref12
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref12
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref12
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref13
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref13
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref13
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref14
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref14
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref15
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref15
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref15
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref16
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref16
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref16
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref16
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref17
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref17
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref17
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref18
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref18
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref18
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref19
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref19
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref19
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref19
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref20
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref20
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref20
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref21
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref21
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref21
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref22
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref22
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref22
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref23
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref23
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref23
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref24
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref24
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref25
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref25
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref25


Minto et al48
26. National Institute for Health and Clinical Excellence. CardioQ-ODM oesophageal
Doppler monitor. Medical Technology Guide 3, March 2011. Available at: http://
www.nice.org.uk/nicemedia/live/13312/52624/52624.pdf. Accessed August 18,
2014.

27. Fawcett W, Mythen M, Scott M. Enhanced recovery: more than just reducing
length of stay? Br J Anaesth 2012;109:671–4.

28. HamiltonMA, Cecconi M, Rhodes A. A systematic review andmeta-analysis on the
use of preemptive hemodynamic intervention to improve postoperative outcomes
in moderate and high-risk surgical patients. Anesth Analg 2011;112:1392–402.

29. Gurgel ST, do Nascimento P. Maintaining tissue perfusion in high-risk surgical
patients: a systematic review of randomized clinical trials. Anesth Analg 2011;
112:1384–91.

30. Lees N, Hamilton M, Rhodes A. Clinical review: goal-directed therapy in high risk
surgical patients. Crit Care 2009;13:231.

31. Pearse RM, Harrison DA, MacDonald N, et al. Effect of a perioperative, cardiac
output-guided hemodynamic therapy algorithm on outcomes following major
gastrointestinal surgery: a randomized clinical trial and systematic review.
JAMA 2014. http://dx.doi.org/10.1001/jama.2014.5305.

32. Gustafsson UO, Hausel J, Thorell A, et al. Adherence to enhanced recovery after
surgery protocol and outcomes after colorectal cancer surgery. Arch Surg 2011;
46:571–7.

33. Mythen MG, Scott MJ. Anaesthetic considerations for enhanced recovery. In:
Francis N, Kennedy RH, Ljungqvist O, et al, editors. Manual of fast track recovery
for colorectal surgery. London: Springer; 2012. p. 49–72.

34. Levy BF, Scott MJP, Fawcett WJ, et al. 23-hour stay laparoscopic colectomy. Dis
Colon Rectum 2009;52:1239–43.

35. Jones C, Kelliher L, Dickinson M, et al. Randomized clinical trial on enhanced
recovery versus standard care following open liver resection. Br J Surg 2013;
100:1015–24.

36. Srinivasa S, Lemanu D, Singh P, et al. Systematic review and meta-analysis of
oesophageal Doppler-guided fluid management in colorectal surgery. Br J
Surg 2013;100:1701–8.

37. Srinivasa S, Taylor M, Singh P, et al. Randomized clinical trial of goal- directed
fluid therapy within an enhanced recovery protocol for elective colectomy. Br J
Surg 2012;100:66–74.

38. Brandstrup B, Svendsen P, Rasmussen M, et al. Which goal for fluid therapy
during colorectal surgery is followed by the best outcome: near maximal stroke
volume or zero fluid balance? Br J Anaesth 2012;109:191–9.

39. Challand C, Struthers R, Sneyd JR, et al. Randomized controlled trial of intraoper-
ative goal-directed fluid therapy in aerobically fit and unfit patients having major
colorectal surgery. Br J Anaesth 2012;108:53–62.

40. Senagore AJ, Emery T, Luchtefeld M, et al. Fluid management for laparoscopic
colectomy: a prospective, randomized assessment of goal-directed administra-
tion of balanced salt solution or hetastarch coupled with an enhanced recovery
program. Dis Colon Rectum 2009;52:1935–40.

41. Holte K, Foss N, Andersen J, et al. Liberal or restrictive fluid administration in
fast-track colonic surgery: a randomized, double-blind study. Br J Anaesth
2007;99:500–8.

42. Pillai P, McEleavy I, Gaughan M, et al. A double-blind randomized controlled
clinical trial to assess the effect of Doppler optimized intraoperative fluid manage-
ment on outcome following radical cystectomy. J Urol 2011;186(6):2201–6.

http://www.nice.org.uk/nicemedia/live/13312/52624/52624.pdf
http://www.nice.org.uk/nicemedia/live/13312/52624/52624.pdf
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref26
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref26
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref27
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref27
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref27
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref28
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref28
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref28
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref29
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref29
http://dx.doi.org/10.1001/jama.2014.5305
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref31
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref31
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref31
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref32
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref32
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref32
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref33
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref33
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref34
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref34
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref34
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref35
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref35
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref35
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref36
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref36
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref36
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref37
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref37
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref37
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref38
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref38
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref38
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref39
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref39
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref39
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref39
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref40
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref40
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref40
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref41
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref41
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref41


Monitoring Needs and Goal-directed Fluid Therapy 49
43. McKenny M, Conroy P, Wong A, et al. A randomised prospective trial of intra-
operative oesophageal Doppler-guided fluid administration in major gynaecolog-
ical surgery. Anaesthesia 2013;68:1224–31.

44. Michard F. Stroke volume variation: from applied physiology to improved
outcomes. Crit Care Med 2011;39:402–3.

45. Cannesson M, Le Manach Y, Hofer CK, et al. Assessing the diagnostic accuracy
of pulse pressure variations for the prediction of fluid responsiveness: a “gray
zone” approach. Anesthesiology 2011;115:231–41.

46. Lansdorp B, Lemson J, van Putten M, et al. Dynamic indices do not predict
volume responsiveness in routine clinical practice. Br J Anaesth 2012;108(3):
395–401.

47. Nordstrom J, Hallsjo-Sander C, Shore R, et al. Stroke volume optimization in
elective bowel surgery: a comparison between pulse power wave analysis
(LiDCOrapid) and oesophageal Doppler (CardioQ). Br J Anaesth 2013;110:
374–80.

48. Godfrey G, Dubrey S, Handy J. A prospective observational study of stroke
volume responsiveness to passive leg raise in healthy non-starved volunteers
as assessed by trans-thoracic echocardiography. Anaesthesia 2014;69:306–13.

49. Minto G, Struthers R. Stroke volume optimisation: is the fairy tale over? Anaesthesia
2014;69(4):291–6.

50. Bouwman RA, Boer C. Minimal invasive cardiac output monitoring: get the dose
of fluid right. Br J Anaesth 2012;109(3):299–302.

51. Miller T, Roche A, Gan T. Poor adoption of hemodynamic optimization during
major surgery: are we practicing substandard care? Anesth Analg 2011;112:
1274–6.

52. Myles PS, Bellomo R. A pivotal trial of fluid therapy for major abdominal surgery:
need and equipoise. Crit Care Resusc 2011;13(4):278–80.

53. Bangash MN, Patel NS, Benetti E, et al. Dopexamine can attenuate the inflamma-
tory response and protect against organ injury in the absence of significant
effects on hemodynamics or regional microvascular flow. Crit Care 2013;17(2):
R57. http://dx.doi.org/10.1186/cc12585.

54. ProCESS Investigators. A randomized trial of protocol-based care for early septic
shock. N Engl J Med 2014;370(18):1683–93.

55. Levy BF, Fawcett WJ, Scott MJP, et al. Intra-operative oxygen delivery in infusion
volume optimized patients undergoing laparoscopic colorectal surgery within
an enhanced recovery programme: effect of different analgesic modalities.
Colorectal Dis 2012;14:887–92.

http://refhub.elsevier.com/S1932-2275(14)00129-3/sref42
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref42
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref42
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref43
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref43
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref44
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref44
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref44
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref45
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref45
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref45
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref46
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref46
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref46
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref46
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref47
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref47
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref47
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref48
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref48
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref49
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref49
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref50
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref50
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref50
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref51
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref51
http://dx.doi.org/10.1186/cc12585
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref53
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref53
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref54
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref54
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref54
http://refhub.elsevier.com/S1932-2275(14)00129-3/sref54


Fluid Management in
Abdominal Surgery

What, When, and When Not to Administer
Karthik Raghunathan, MD, MPHa,*, Mandeep Singh, MDb,
Dileep N. Lobo, MS, DM, FRCS, FACS, FRCPEc
KEYWORDS

� Intravenous fluids � Crystalloids � Colloids � Balanced fluids � Fluid responsiveness
� Noninvasive monitoring

KEY POINTS

� Intravenous fluids are drugs with predominantly cardiovascular and renal effects, poten-
tially significant gastrointestinal effects, and possible immune effects.

� Distribution of administered fluid volume across compartments (such as the intravascular,
interstitial, and intracellular spaces) depends on several factors, including the integrity of
the endothelial glycocalyx and intravascular volume context.

� Before the administration of fluid therapy, determination of volume responsiveness and
volume status is recommended.

� Balanced crystalloids, with a physiologic strong ion difference and chloride content, may
avoid the potentially deleterious effects of chloride-rich isotonic fluids like normal (0.9%)
saline.

� Intravascular volume status may be assessed with variable accuracy using minimally inva-
sive or noninvasive technologies.
INTRODUCTION

Intravenous fluid therapy is a key part of perioperative care, and surgical outcomes
have been shown to be affected by the type and volume of fluid used. This review
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presents an overview of the basic principles that underlie fluid management in the peri-
operative setting, includes evidence-based recommendations (where tenable), and
suggests a rational approach to the timing and choice of fluids for administration.
TYPE OF FLUID

A variety of fluid types are available, including different types of crystalloids, colloids,
blood products, and even hemoglobin-based oxygen-carrying solutions. The use of
normal or isotonic (0.9%) saline solution dates to the work of a Dutch chemist named
Hartog Hamburger in 1896.1 In an in vitro study of red blood cell (RBC) lysis in
response to changes in tonicity, human RBCs were found to be most stable in a prep-
aration of 0.92% saline. More recently, studies have reported an association between
resuscitation with isotonic saline and several undesirable effects when compared with
resuscitation with physiologically balanced crystalloids (eg, lactated Ringer solution,
Plasma-Lyte, Hartmann solution).2 Administration of 0.9% saline results in hyperchlor-
emia and a decrease in the plasma strong ion difference with consequent metabolic
acidosis.3 This condition, in turn, has been associated with reduced cardiac contrac-
tility, decreased renal perfusion, reduced gastric blood flow, and impaired gastric
motility.4–7 Elevated serum chloride concentrations have been associated with renal
vasoconstriction and renal parenchymal swelling in animal studies8,9 and an increase
in postoperative 30-day mortality in large database analyses.10 The deleterious effects
of administration of large volumes of 0.9% saline on the kidney have also been shown
in a human study that demonstrated decreased renal blood flow velocity and cortical
tissue perfusion.11 Acknowledging potential clinical implications, the British
Consensus Guidelines on Intravenous Fluid Therapy for Adult Surgical Patients rec-
ommended the use of balanced crystalloids rather than isotonic saline in most routine
clinical settings.12 The case for balanced crystalloids has also been presented
comprehensively in a review.13 Populations for whom isotonic saline remains a
reasonable choice include patients with nausea/vomiting or gastric suction (and
thus hypochloremic alkalosis) and neurosurgical patients for whom avoiding other
hypotonic crystalloids may be reasonable.
Hadimioglu and colleagues14 conducted a double-blind study randomizing kidney

transplant recipients to receive isotonic saline, lactated Ringer solution, or Plasma-
Lyte and compared subsequent changes in acid-base balance and potassium and
lactate levels. No significant changes in pH or acid-base measures were seen in pa-
tients receiving lactated Ringer solution or Plasma-Lyte as opposed to those who
received saline (7.44 � 0.50 vs 7.36� 0.05, and 0.4� 3.1 vs�4.3� 2.1, respectively).
However, there were no subsequent significant differences in postoperative renal
function. The best metabolic profile was seen in patients receiving Plasma-Lyte.
Shaw and colleagues15 conducted an observational study evaluating the use of
normal saline versus a calcium-free isotonic balanced crystalloid solution in adult
patients undergoing major abdominal surgery using the Premier Perspective Compar-
ative Database. A total of 926 patients who received Plasma-Lyte on the day of
surgery were propensity-matched (in a 3:1 ratio) with 2778 patients who received sa-
line. Hemodialysis occurred approximately 5 times more often in the matched saline
group (1.0% [95% confidence interval (CI) 0.05–1.8] vs 4.8% [95% CI 4.1–5.7],
P<.001); the matched saline group also had significantly increased odds of postoper-
ative infection, blood transfusion, and electrolyte disturbance (sodium, potassium,
and/or magnesium). In addition, in-hospital mortality was higher for the saline group
(5.6%) than for the balanced crystalloid–Plasma-Lyte group (2.9%), although the dif-
ference was not significant after correcting for confounders. Further literature has
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confirmed the association between fluids with high chloride ion content (and a lower
strong ion difference) and renal vasoconstriction and decreased glomerular filtration
rate.16

Clinicians may prefer colloids (such as albumin, starches, and gelatins) based on the
theory that intravascular retention is prolonged as compared with crystalloids (a theo-
retic premise that larger particles are trapped in the vascular space by an intact endo-
thelial barrier). However, large multicenter clinical trials suggest that the advantage in
volume expansion is usually only about 30% to 40%.17,18 In a hypovolemic context,
the potency of colloids is perhaps up to twice that of crystalloids.19 Using a prospec-
tive study setup with double-tracer blood volume measurements (to assess volume
status before and after crystalloid administration), Jacob and colleagues20 evaluated
the traditional model of replacement of blood loss with 3 times as much crystalloid.
The volume effect of lactated Ringer solution was less than 20% (and additional infu-
sions of hypertonic albumin were used to restore blood volume to original value) under
these conditions.
The major drawbacks of colloid use include increased cost, potentially limited avail-

ability (with albumin, which is a blood product), possibly impaired coagulation (notable
with larger quantities of hetastarch), and persistent evidence of renal injury seen with
starch solutions.21 Hetastarch use has been associated with increased bleeding in
cardiac and neurologic surgery22,23 and may increase the incidence of renal failure
in septic patients24 as well as in patients undergoing renal transplantation and cardiac
surgery.25,26 Meta-analyses show no improvement in survival with the use of colloids
versus crystalloids among patients with trauma, burns, and following surgery.27 Spe-
cific blood products (packed RBCs, fresh frozen plasma, cryoprecipitate, platelets,
specific factor solutions) may be used for selected indications such as anemia or
coagulation factor deficiencies in respective subgroups or during resuscitation (eg,
hemorrhagic shock). Perioperative cell salvage and hemoglobin-based oxygen-car-
rying solutions are less commonly used.
AMOUNT OF FLUID

Various volume strategies have been studied including individualized goal-directed
therapy (iGDT) and liberal, zero-balance, or restrictive approaches.28 However, there
is no uniformdefinition for what constitutes a liberal versus restrictive approach. Varad-
han and Lobo28 developed definitions to better compare outcomes: liberal was defined
as greater than 2.75 L/day, zero-balance as 1.75 to 2.75 L/day, and restrictive as less
than 1.75 L/day in the postoperative period. Brandstrup and colleagues29 defined fluid
management strategies for elective colorectal surgery based on quantities transfused
for preloading with epidural analgesia, replacement of so-called third space losses,
replacement of fasting deficits (maintenance requirements), and replacement of esti-
mated blood losses. Fluid restriction resulted in fewer complications and earlier return
of bowel function. Other studies have used different definitions of liberal versus stan-
dard fluidmanagement approaches (incorporating the quantity of electrolytes received
in agivenday). Loboandcolleagues5 evaluated the recovery of gastrointestinal function
after elective colonic resection with a standard group receiving 3 L of intravenous fluids
with 154mmol sodiumdaily versus a restricted group receiving nomore than 2 L of fluid
with 77 mmol sodium. Patients in the standard group gained more weight, suffered
delayed recovery of gastrointestinal function, endured increasedoverall complications,
and had an extended hospital length of stay.
Perioperative iGDT aims to optimize circulation in the operating room via real-time

individualized hemodynamic monitoring and therapeutic interventions to maximize
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stroke volume (SV).30 iGDT may incorporate the use of fluid boluses, inotropic medi-
cations directed to maximize specific parameters such as cardiac index, SV, or mini-
mize pulse pressure variation (PPV), or oxygen extraction ratio. A systematic review
and meta-analysis of 29 trials involving 4805 moderate- and high-risk surgical
patients by Hamilton and colleagues31 and by Pearse and colleagues32 showed a sig-
nificant reduction in morbidity with the use of both fluids and inotropes (as opposed to
fluids alone). Other studies evaluating preemptive iGDT have shown earlier return of
bowel function, decreased incidence of nausea and vomiting, and reductions in hos-
pital length of stay.33,34 Although there are no standardized recommendations for the
type and amount of fluid or inotrope to administer, therapy should be guided with real-
time monitoring of fluid responsiveness so that the administration of fluid to a volume
nonresponsive patient is avoided.35,36

A review of the literature on iGDT in colorectal surgery37 drew attention to the fact that
comparisons had not beenmade in the setting of restrictive fluid therapy (near-zero fluid
balance) in the postoperative period and patients had not been managed within an
enhanced recovery after surgery pathway.38 This review also noted the heterogeneity
in trials involving iGDT. The benefits observed in initial trials may be minimized by
advances in surgical techniques and perioperative care.37 Two trials support this posi-
tion.39,40 In a double-blindmulticenter trial on 150patients undergoing elective colorectal
surgery, Doppler-guided iGDT to near-maximal SV added no benefit compared with the
use of a zero-balance approach (ie, maintenance of near-normal body weight).39 There
wereno significant differences in complications ordurationof hospital stay. These results
were confirmed in another study that randomized 85 patients undergoing elective colec-
tomy within an established enhanced recovery protocol (including fluid restriction) to
flow-guided or no flow-guided fluid therapy.40 Based on these consistent findings, it
maynot benecessary touse flow-directed fluid volume therapy in all patients undergoing
major surgery, particularly in the context of an existing enhanced recovery protocol in
whichpostoperative fluidoverload isavoided.39,40However,whenblood loss isexpected
to be in excess of 500 mL, or if preoperative volume status is uncertain, Doppler-guided
iGDT may remain potentially useful. The current safety warnings on hydroxyethyl starch
(HES) add to the uncertainty surrounding iGDT becausemost trials were conductedwith
colloid. However, one study has suggested that either crystalloid or HES may be used
with equal efficacy for flow-directed fluid therapy.41

A fluid challenge may be administered to evaluate hemodynamic response, with the
volume administered being delivered rapidly (studies report timing the challenge over
5–10 minutes) and the bolus being large enough to recruit preload (inducing myocar-
dial stretch), thereby increasing end-diastolic volume and SV.35 In most iGDT proto-
cols, SV maximization continues (with boluses of approximately 3 mL/kg) until SV
no longer increases with volume loading (with a 10%–15% increase in SV set as the
threshold for responsiveness). This concept differs from liberal strategies whereby
the proximate dynamic hemodynamic response is not routinely monitored in real
time. The overall goal includes maximization of cardiac output (CO) to preempt the
development of an oxygen debt. Most studies support avoiding routine empirical fluid
loading. Zero-balance techniques avoid net weight gain due to fluids with the use of
volume removal where necessary (eg, with diuretics when there is a weight gain of
approximately 2.5–3 kg).42
FLUID THERAPY WITHIN ENHANCED RECOVERY AFTER SURGERY

Traditional intravenous fluid regimens for patients undergoing abdominal surgery have
incorporated large volumes often exceeding actual/measured fluid losses.43 Patients



Fluid Management in Abdominal Surgery 55
may have received 3.5 to 7 L of fluids intraoperatively and up to 3 L per day on the sur-
gical wards with ramifications as discussed earlier.5,42 For many years, a third space
was believed to exist and has been described in textbooks as a fluid compartment that
needed to be replete.38,44,45 Studies have confirmed that damage to the endothelial
glycocalyx occurs with such administration of crystalloids and could result in accumu-
lation of fluid in the interstitial space with consequent complications.
Concerns pertinent to patients undergoing elective abdominal surgery may be

considered in 3 stages. In the preoperative setting, possible depletion of circulating
volume secondary to prolonged fasting, mechanical bowel preparation, nausea/vom-
iting/diarrhea, or decreased oral intake due to gastrointestinal pathology may occur,
resulting in a volume-responsive hypovolemic patient presenting for surgery. Intrao-
peratively, large incisions (during open laparotomy) resulting in evaporative fluid loss
may be compounded by surgical blood loss. Postoperatively, patients may experience
additional fluid depletion from a lack of oral intake, drains, fistulae, and/or increased
ileostomy output. Hypotension due to hypovolemia is exacerbated by internal redistri-
bution of effective circulating blood volume from thoracic epidural analgesia-induced
sympathectomy (ie, there may be an increase in venous pooling of circulating blood
volume leading to reduced preload).
In 2012, the Enhanced Recovery after Surgery (ERAS) Society, the European Soci-

ety of Clinical Nutrition and Metabolism, and the International Association for Surgical
Metabolism and Nutrition issued updated consensus recommendations: ERAS in
colonic,46 pelvic/rectal,47 and pancreatic surgery.48 The goal was to decrease hospital
length of stay and time to resumption of normal activities and improve survival.38 Pre-
operative optimization of the patient’s fluid status before gastrointestinal surgery is
achieved via 2 major initiatives: (1) avoiding excessive starvation by allowing solid
food intake up to 6 hours and clear liquids up to 2 hours before anesthetic induction
and (2) avoiding routine mechanical bowel preparation. Prolonged starvation (beyond
8 hours) may place patients in a catabolic state, increasing insulin resistance and pro-
longing hospital length of stay. Preoperative carbohydrate intake has been shown to
reduce insulin resistance49 without increasing the risk of aspiration50 and may reduce
hospital stay by a day in patients undergoing major abdominal surgery.51 Bowel prep-
aration has been shown to cause significant fluid and electrolyte imbalance, including
hypocalcemia and hypophosphatemia.52 Bucher and colleagues53 performed a meta-
analysis of 4 randomized controlled trials with a total of 1297 patients undergoing elec-
tive colorectal surgery. Anastomotic leakage was significantly more common in the
bowel preparation group (5.6% vs 2.8%) in addition to general morbidity and mortality
rates. Thus, the guidelines recommend bowel preparation solely for those patients
undergoing low rectal resection with a diverting stoma.
Intraoperatively, the ERAS guidelines recommend the use of warmed intravenous

fluids, preferring boluses with colloid and crystalloids for background maintenance.
Thus, iGDT is recommended to optimize intravascular volume status and ensure an
optimized SV while minimizing fluid overload. Targeting supranormal global oxygen
delivery was demonstrated to have a significant survival benefit (by Shoemaker and
colleagues54 who conducted a prospective, longitudinal study analyzing hemody-
namic and oxygen transport variables in 708 high-risk surgical patients). Cardiac
index, oxygen delivery, and oxygen consumption were found to increase in the imme-
diate postoperative setting, more dramatically in survivors as compared with nonsur-
vivors. Shoemaker and colleagues hypothesized that the need for increased CO may
be due to increased metabolic demands after surgical trauma in the setting of previ-
ously low and maldistributed intraoperative blood flow due to neural and hormonal
mechanisms. The combined use of fluids and inotropes (as opposed to fluids alone)
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has been shown to better facilitate achievement of supranormal oxygen delivery and
reduce mortality (odds ratio, 0.41; 95%CI 0.23–0.73), although the exact doses of ino-
tropes used were not evaluated. In addition, vasopressors should be administered to
normovolemic hypotensive patients to avoid complications associated with using
fluids alone (such as bowel edema and increased extravascular lung water).46

Large-volume blood loss should prompt replacement (1:1) with allogeneic packed
RBCs and fresh frozen plasma, with platelets administered as needed.
Postoperatively, no more than 2 to 2.5 L of water and 70 to 100 mmol sodium should

be administered per day for most patients who require only maintenance fluid replace-
ment (ie, without volume deficits or ongoing fluid and electrolyte losses). The ERAS
guidelines advocate avoiding nasogastric tubes and the aggressive treatment of post-
operative nausea and vomiting to enhance oral intake and wean intravenous fluids
(ideally within 48 hours after colonic surgery). Optimal management thus includes
the combination of iGDT with an overall aim to achieve a state of zero-balance in terms
of weight gain. Patients undergoing laparotomy have fluid requirements different from
those undergoing laparoscopic surgery. Increased fluid requirements in open laparot-
omy may result from a greater systemic inflammatory response syndrome (with
greater loss of the endothelial glycocalyx), increased evaporative losses, and
increased bowel handling/manipulation.46 Patients undergoing laparotomy are more
likely to have thoracic epidural analgesia and require intravenous fluids to counteract
the sympathectomy-induced hypotension (from increased venous capacitance and
relative hypovolemia), further exacerbated by the increased release of inflammatory
mediators. Abdominal insufflation and Trendelenburg positioning during laparoscopic
surgery have been shown to reduce tissue oxygen delivery.55 Thus, appropriate deci-
sions regarding fluid therapy must be made to augment SV during laparoscopy based
on individualized assessments of hemodynamic variables.
CLINICAL ASSESSMENT AND MONITORING TO GUIDE FLUID THERAPY

Assessment of fluid status can be difficult in the operative setting where a formal phys-
ical examination cannot always be conducted. Traditional evaluation has focused on
assessment of the heart rate, blood pressure, and urine output.56 Volume deficits may
not become apparent until they exceed 10% of body weight.57 As noted by Vincent
and Weil,57 hypotension can be a nonspecific sign due to vascular inflow obstruction,
heart failure, or a vasodilatory process. Changes in heart rate to maintain CO may be
skewed by medications such as b-blockers and vasopressors. Other common intra-
operative events such as surgical stimulatory actions activating nociceptive pathways
and changes in body temperature may distort an anesthesiologist’s interpretation of
the patient’s real-time volume status. Static measurements such as end-diastolic
pressure and central venous pressure can also be influenced by a myriad of factors
including patient comorbid cardiovascular pathologies and, thus, may not accurately
reflect volume responsiveness.
Assessment of volume responsiveness may be performed with dynamic methods

such as the administration of a rapid fluid bolus (3 mL/kg as earlier in the context of
iGDT) or by a passive leg raise maneuver. Stroke volume variation (SVV) and/or PPV
(with pulse pressure equal to the difference between systolic and diastolic pressure)
can also be formally assessed. Analysis of various systems that quantify SVV,
including the PiCCO plus system (Pulsion Medical Systems, Munich, Germany), Flo-
Trac/Vigileo (Edwards Lifesciences, Irvine, CA, USA), and LiDCO plus technique
(LiDCO Ltd, London, UK), revealed fluid responsiveness with SVV threshold values be-
tween 10% and 13%.56,58–66 Marik and colleagues67 conducted a meta-analysis of 29
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studies encompassing a total of 685 patients to compare the accuracy of SVV, PPV,
and systolic pressure variation (SPV) in predicting change in SV index or cardiac index
after a fluid challenge during controlled mechanical ventilation. Roughly 56% of
patients showed a demonstrable response to a fluid bolus. Pooled correlation coeffi-
cients between baseline SVV, PPV, and SPV and change in stroke/cardiac index were
0.72, 0.78, and 0.72, respectively. Areas under the receiver operating characteristic
curves were 0.84, 0.94, and 0.86, respectively. This result favored PPV in comparison
with SVV.
Monitors can help distinguish between hypovolemia and other causes of hypoten-

sion (such as cardiogenic, neurogenic or distributive, and obstructive). Pulmonary
artery catheters (PACs), although frequently used in the past, have been associated
with conflicting data.68,69 Esophageal Doppler-based monitoring (EDM, Deltex Medi-
cal Inc, Chichester, West Sussex, United Kingdom) directly measures blood flow ve-
locity in the descending thoracic aorta. Then, using a nomogram-based estimate of
aortic cross-sectional area, CO and SV are estimated. Fluid boluses may be titrated
to target an increase of at least 10% in the SV and CO. Dynamic arterial pressure–
based computations such as SPV, PPV, and SVV may also help in defining fluid
responsiveness (as described earlier). Noblett and colleagues70 conducted a
double-blind prospective randomized controlled trial with 108 patients randomized
to either receive perioperative fluid at the discretion of the anesthetist (control group)
or EDM-based optimization of SV. The intervention group had overall higher average
SV, had shorter hospital length of stay (7 vs 9 days), tolerated enteral nutrition earlier,
had a reduced increase in interleukin 6 level, and had decreased morbidity. Abbas and
Hill71 conducted a systematic review of EDM-guided therapy in major abdominal sur-
gery and reported reduced hospital length of stay, faster return of gastrointestinal func-
tion, and reduced requirement for inotropes postoperatively. These studies were
conducted before ERAS guidelines and fluid-restrictive strategies were commonplace.
Thebioreactance-basednoninvasive cardiacoutputmonitor (NICOM,CheetahMed-

ical, Vancouver, WA, USA) uses 4 surface electrodes across the chest to compute an
approximation of the CO, SV, and SVV.Waldron and colleagues72 compared 100 adult
patients undergoing elective colorectal surgery with goal-directed fluid therapy (using
250-mL colloid boluses) guided by either EDM or NICOM. Both monitors were used
to assess monitor discrepancies in both patient groups. A 10% increase in SV was
used for the fluid challenge. There was no statistically significant difference between
monitor readings and noclinically significant differences in outcomes including postop-
erative pain, nausea, return of bowel function, organ dysfunction, and hospital length of
stay. Critchley and Critchley73 conducted a meta-analysis using Bland-Altman statis-
tics (bias and precision) to compare novel CO measurement technology against gold
standard techniques. They determined that a lack of precision of up to 30% was
acceptable for routine clinical purposes. Peyton and Chong74 conducted a meta-
analysis reviewing data on EDM, NICOM, pulse contour techniques, and partial carbon
dioxide rebreathing to assess percentage error versus PAC-based thermodilution.
None of the techniques had less than 30% error (most were only about 45% precise).
New noninvasive systems display continuous noninvasive arterial pressures

(CNAPs) recreating a beat-to-beat waveform. This technology is based on arterial
tonometry and the volume clamp method. Current devices include Nexfin (BMEYE
B.V., Amsterdam, The Netherlands), CNAP (CNSystems, Graz, Austria), and T-line
(Tensys Medical, Inc, San Diego, CA, USA). Kim and colleagues75 conducted a sys-
tematic review and meta-analysis of 28 studies (919 patients) reporting pooled
random-effects bias and standard deviation (SD) measures of systolic arterial pres-
sure, diastolic arterial pressure, and mean arterial pressure. Acceptable standards



Fig. 1. Perioperative management of the complex abdominal surgery candidate.
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for bias and SD were less than 5 and 8 mm Hg, respectively. The overall pooled bias
and SD were �1.6 � 12.2 mm Hg (95% limits of agreement �25.5 to 22.2 mm Hg) for
systolic arterial pressure, 5.3 � 8.3 mm Hg (�11.0 to 21.6 mm Hg) for diastolic arterial
pressure, and 3.2� 8.4 mm Hg (�13.4 to 19.7 mm Hg) for mean arterial pressure. Kim
and colleagues stressed the importance of this finding, noting that a patient with an
invasive systolic arterial pressure reading of 100 mm Hg could have a CNAP reading
of systolic arterial pressure anywhere from 74 to 123 mm Hg. These devices thus do
not comply with standards created by the Arlington Association for the Advancement
of Medical Instrumentation but are nevertheless clinically useful to monitor trends in
certain settings.
In the late 1990s, physicians began analyzing the pulse oximetry waveform to obtain

noninvasive data regarding volume status in mechanically ventilated patients in
normal sinus rhythm.76 Indices of fluid responsiveness include respiratory variation
in pulse oximetric plethysmographic (POP) waveform amplitude (delta POP; manually
calculated) and pleth variability index (PVI; continuous/automated calculation; mea-
sure of dynamic change in perfusion index occurring during the respiratory cycle
where perfusion index is defined as the ratio of nonpulsatile to pulsatile blood flow
through the peripheral capillary bed). Sandroni and colleagues77 reported results of
a meta-analysis of 10 studies with 233 patients that evaluated the accuracy of delta
POP and/or PVI in predicting the hemodynamic response to a large or small fluid bolus
(approximately 500 mL vs 250 mL, respectively). There was no major difference in
change in the cardiac index, SV, or SV index found within studies incorporating the
same-size fluid bolus. There was also no significant difference found between studies
using delta POP and those using PVI. Sensitivity and specificity of the diagnostic
techniques were more accurate with studies incorporating larger boluses, which likely
indicates inaccuracy with poor capillary perfusion (eg, low CO, peripheral vasocon-
striction, hypothermia). Analysis by Sandroni and colleagues suggests that plethys-
mographic indices are adequate for detecting fluid responsiveness, but less
accurate in quantifying the magnitude of change in CO after fluid administration.
Fluid and electrolyte overload may result from liberal fluid replacement strategies or

from moderate strategies in patients with comorbidities (such as congestive heart
failure or end-stage renal disease). Patients may present with hypertension and signif-
icant weight gain (>2.5 kg), display jugular venous distention, develop pitting/periph-
eral edema, demonstrate a third heart sound on auscultation, have increased urine
output, or accumulate ascites or pulmonary edema. Excessive crystalloid or colloid
administration may result in a dilutional coagulopathy, which can be worsened by hy-
pothermia if fluids are not properly warmed. Lack of fluid responsiveness (as defined
previously) may indicate poor cardiac reserve or adequate resuscitation. EDM may
show profiles of blood flow velocities consistent with euvolemia, whereas euvolemic
mechanically ventilated patients have minimal PPV, SVV, and SPV on arterial wave-
form analysis. Changes in central venous pressure are neither sensitive nor specific
for the identification of fluid responsiveness.78 Inferior vena cava (IVC) diameter may
be increased with minimal respiratory variation on bedside transthoracic echocardio-
gram (on standardized M-mode–based IVC variability measures). Multifrequency
bioelectrical impedance analysis is currently used by some nephrologists to evaluate
both extracellular and intracellular water volumes with proven accuracy.79 Pharmaco-
logic treatment of volume overload includes administration of diuretics such as furo-
semide (Lasix) or metolazone (Zaroxolyn) in patients with intact renal function.80

Nonpharmacologic fluid removal (eg, hemodialysis) may be indicated in patients unre-
sponsive to medications or intolerant to medication side effects who have signs of
symptomatic renal failure.
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SUMMARY

Optimal management of volume status before, during, and after abdominal surgery in-
volves a combination of the recommendations discussed under ERAS protocols, iGDT
in patients at moderate to high risk for perioperative complications, and a zero-balance
goal in patientswith significant physiologic reserve at low risk for complications (Fig. 1).
Therapy may be titrated to fluid responsiveness or may be continued as long as weight
gain is less than 2.5 kg (when dynamic measures are not being used). Measures such
as mixed venous oxygen saturation, arterial lactate concentrations, or base deficit
could be used as markers for globally adequate oxygen delivery. Ideally, patients are
normotensive, with a cardiac index greater than 2.5 L/min/m2 and a normal heart rate.
Future pathways for optimal fluid management may include the development of

potentially noninvasive hemodynamic monitoring systems coupled with closed-loop
fluid administration algorithms that would assess patients in the preoperative, intrao-
perative, and postoperative settings. At present, no single monitor can replace a vigi-
lant anesthesiologist and surgeon working together to interpret hemodynamic data
within the context of the patient’s history and surgical procedure. Key decisions rely
on experience with resource availability at the given perioperative setting and interven-
tions with judicious intravenous fluid support.
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KEY POINTS

� Analgesia is a key element of enhanced recovery after surgery (ERAS) programs, partic-
ularly following abdominal surgery.

� Multimodal opioid-sparing analgesia is a cornerstone of all analgesic regimens, especially
with the use of regular acetaminophen and antiinflammatories.

� Thoracic epidural analgesia is the principal technique for open surgery, but not for lapa-
roscopic surgery, in which intrathecal or more peripherally placed local anesthetic (trunk
blocks or wound blocks) is used.

� Several other adjuvants are described but evidence is less strong.

� Interest is growing in the potential for analgesic regimens affecting not only short-term
benefits but also longer-term benefits, including rates of cancer recurrence.
INTRODUCTION

Analgesia plays a pivotal role in the management of patients undergoing open or lapa-
roscopic abdominal surgery. Although the relief of pain is one of the most fundamental
humanitarian roles for all health care professionals treating patients undergoing sur-
gery, there is now a greater understanding of how this interacts with patient recovery.
It has long been recognized that a good analgesic regimen permits not only patient
comfort but also facilitates other benefits such as earlymobilization andenteral feeding.
In the last 20 years, fast-track surgery has evolved into the enhanced recovery after
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surgery (ERAS) program. Pivotal in the philosophy of ERAS is a reduction in the physi-
ologic stress response to surgery and the associated catabolic response. In addition,
there is growing evidence to suggest that patients on ERAS have reduced complica-
tions following surgery, which affects not only immediate survival but also long-term
survival.1 Although there are many elements to ERAS,2 analgesic technique plays a
large part. In addition, there is interest currently in how anesthetic technique in general,
and analgesic technique in particular, may directly affect cancer outcome3 by modu-
lating immune function. This effect has been shown for breast and prostate surgery4

but not so far for colorectal surgery.5 This possibility is particularly relevant for this group
of patients, many of whom are undergoing surgery for cancer.
Thus pain medicine has come a long way: correctly administered, it may not only give

great relief topatientsbutmaypermit rapid return tonormal activitiesandperhaps improve
patients’ long-term survival through reduction in early postoperative complications.1,6

More than 20 years ago, Kehlet and Dahl7 described multimodal opioid-sparing
analgesia, which is the cornerstone of the management of patients undergoing
abdominal surgery. Using analgesic techniques acting via different mechanisms,
side effects may be minimized and opioid consumption may be reduced. Although
some opioid usage may be unavoidable, excess usage leads to a host of undesirable
adverse effects: respiratory and cough suppression, postoperative nausea and vom-
iting (PONV), urinary retention, and delayed return of gastrointestinal (GI) function
(Box 1). Following major abdominal surgery, the combination of these effects impairs
the achievement of important ERAS milestones (Fig. 1) and can even be catastrophic;
for example, hypoventilation, obtunded respiratory reflexes, and gastric stasis can
predispose to passive regurgitation and pulmonary aspiration.
Themost significantadvance forpatients undergoingGI surgery in the last 10yearshas

been the shift fromopen to laparoscopic surgery. There is a goodevidencebase for anal-
gesia for the former, but the optimum analgesic modality for the latter is still debated.8

In addition, providing the best and safest analgesia requires more than a prescrip-
tion. It is essential that regular postoperative input occurs from staff (usually specialist
pain nurses) who assess the patients, monitor pain scores, and take appropriate
action to relieve pain and treat any ensuing complications (such as hypotension).

OPIOID ANALGESIA

The use of morphine is not viewed as the gold standard for analgesia but has still
become the gold standard for comparisons of effectiveness for practically all other
Box 1

Side effects of morphine

� Reduced gastrointestinal motility, leading to ileus

� Nausea and vomiting

� Cough suppression

� Respiratory depression with reduced sensitivity to PaCO2

� Urinary retention

� Euphoria, dysphoria, hallucination

� Histamine release (may cause itching, hypotension, and bronchospasm)

� Bradycardia

� Tolerance (over time)



Fig. 1. Avoidance of complications to achieve ERAS.
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methods of analgesia. However, for abdominal surgery, themeremention of parenteral
opioids such as morphine can produce an irrational fear. Whilst minimizing their use is
desirable, that does not mean that their use has to be avoided. Leaving patients in un-
relieved pain is not acceptable and opioids should be available as rescue analgesia if
other methods fail. Moreover, early and limited use of morphine has little effect on
outcome.9 The use of short-acting opioids such as fentanyl in neuraxial block is dis-
cussed later. In addition because of its constipating effects, many providers avoid the
use of oral moderate opioids, such as codeine, although drugs such as tramadol acting
via opioid andothermechanisms (suchas inhibitionof reuptakeof serotonin andnorepi-
nephrine) are used. In addition, in the last 5 years there has been an increasing debate
about the relevance of opioid-induced hyperalgesia (OIH), in which there is a paradoxic
effect from high-potency opioids (eg, perioperative remifentanil), and further opioid
administration increases rather than reduces pain perception. OIH is a complex area
and seems to be multifactorial, including both central and peripheral changes in noci-
ceptive processing, the former involving N-methyl-D-aspartate (NMDA) receptors (dis-
cussed later), aswell as genetic influences. Themagnitude of the problem, including the
patient’s susceptibility, and potential treatments await further studies.10,11

If morphine is used it is often because other methods have failed. It is probably best
administered intravenously as patient-controlled analgesia (PCA), permitting good
control of pain in the early postoperative period, but with good knowledge of its
side effects.

LOCAL ANESTHETIC TECHNIQUES
Epidural Analgesia

The mainstay of analgesia for GI surgery has been the thoracic epidural. There are
several well-documented advantages (Box 2) but more recently its problems have



Box 2

Advantages of epidurals

� Attenuation of some aspects of the stress response

� Neuroendocrine (sympathetic and pituitary activation)

� Metabolic (eg, hyperglycemia, protein breakdown)

� But no effect on inflammatory changes mediated by cytokines

� Improvement in pulmonary function

� Reduced incidence of postoperative hypoxia

� Reduced incidence of atelectasis and infection

� GI

� Reduced ileus

� Earlier return to diet

� Reduction in pulmonary thromboembolism

� Reduction in blood loss

� Some studies have shown reduction in myocardial infarction, renal failure, and mortality
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been highlighted (Box 3). It is still considered the gold standard for open surgery, but
for laparoscopic surgery there is less evidence to support its use and many clinicians
have moved on to less invasive methods.
For open surgery, the placement of an epidural catheter for postoperative infusion is

a straightforward theoretic concept and, when functioning optimally, provides super-
lative segmental analgesia for the first 48 to 72 hours. However, there are several areas
that need to be addressed in this process:
Box 3

Disadvantages of epidurals

� Epidural failure

� Wrong site (eg, lumbar and not thoracic)

� Catheter not in epidural space (or migrated)

� Inadequate drug dosages

� Hypotension

� Poor mobility

� Motor block (especially with lumbar epidurals)

� Sensory block

� Hypotension

� Neurologic damage (temporary or permanent)

� Space-occupying lesion of vertebral canal

� Wrong drug injected

� Direct trauma at insertion

� Dural puncture



Analgesia for Abdominal Surgery 69
1. Epidural positioning: the epidural needs to be placed appropriately for the type of
surgery. Lumbar epidurals much less desirable because of their higher incidence of
leg weakness.

2. The insertion technique used is important: the paramedian has been described as
having advantages compared with the midline in terms of ease of identification of
the epidural space and placement of the catheter with less paresthesia, but per-
sonal preference plays a large part in the technique used.

3. The drugs used. Local anesthetic alone was classically used, but in order to reduce
excessive sympathetic and motor blockade and improve the quality of analgesia
various other drugs have been added to the local anesthetic. These drugs include
opioids (most commonly12) but also other adjuvants such as epinephrine or alpha-2
agonists (discussed later).

4. The postoperative management is fundamental in terms of titrating the epidural
infusion and dealing with side effects, in particular hypotension and leg weakness
(discussed later).

5. Contraindications to the insertion of an epidural catheter most commonly involve
abnormalities of coagulation; historically thrombocytopenia and an increased Inter-
national Normalized Ratio (INR) resulting from warfarin. Although there are no ab-
solute agreed figures, many clinicians are reluctant to site an epidural with a
platelet count of less than 75 � 109/L or an INR of greater than 1.4. However,
many coagulation-modifying drugs are used, including heparin (both unfractio-
nated heparin and low-molecular-weight heparin), antiplatelet drugs (aspirin, thie-
nopyridines, and glycoprotein IIb/IIIa receptor inhibitors), and the new oral
anticoagulants (such as rivaroxaban and dabigatran) and thrombolytic drugs.
Many of these drugs have no accepted laboratory test to confirm return of normal
coagulation, have no antidote, and require knowledge of when the last dose was
administered and in some cases (eg, rivaroxaban and dabigatran) renal function
as well. However, there is no absolute evidence based on large studies confirming
when it is safe to insert epidurals (vertebral canal hematomas are rare). Based on
international guidelines and recommendations,13,14 a suggested protocol is given
in Table 1.

Poorly managed epidurals have potential to cause great harm and the management
of their side effects and complications is paramount.

1. Poorly working or nonworking epidurals are common (up to 50% in some studies)
and have recently been reviewed.15 Patients are often denied other forms of anal-
gesia (eg, systemic opioids) because of concern of causing respiratory depression
and compounding the situation. Early identification of a nonworking epidural (pri-
mary failure) is essential to avoid returning patients to the ward with an ineffective
analgesic modality. Effectiveness of epidural analgesia must be verified soon after
the epidural catheter is placed, and ideally before the beginning of surgery or in the
postanesthesia care unit. The problem then needs to be swiftly addressed by
increasing the epidural rate, adding an adjuvant drug (eg, an epidural opioid), rein-
serting the epidural, or removing it and instituting an alternative analgesic regime,
such as PCA morphine (Fig. 2).

2. Hypotension may commonly occur, caused by vasodilatation from sympathec-
tomy, fluid depletion, or a combination of the two. Although the treatment of the
fluid depletion is carefully titrated fluid management, the sympathectomy is more
difficult to treat. There may be an early response to intravenous fluids but the effect
may be transient and can result in excessive fluid administration, predisposing to
edema, which is highly undesirable in both the lungs and any bowel anastomosis,



Table 1
Insertion of epidurals in patients receiving coagulation-modifying therapy

Drug Class
Safe to Insert Once
Stopped Comments

Heparin (unfractionated) prophylaxis
dose

>4 h Can confirm with normal
APTT too

Heparin (fractionated) prophylaxis dose >12 h —

Heparin (fractionated) treatment dose >24 h —

Aspirin/dipyridamole No precautions
required

Irreversible platelet
inhibition

Thienopyridines* (eg, clopidogrel) 1 wk Irreversible platelet
inhibition

Glycoprotein IIb/IIIa* inhibitors (eg,
abciximab)

48 h —

Warfarin 4–5 d Check INR <1.4

Factor Xa inhibitors* (eg, rivaroxaban) At least 24–48 h Longer in elderly and/or
reduced renal function

Thrombolytic drugs (eg, streptokinase) 10 d —

Abbreviation: APTT, activated partial thromboplastin time.
* The times quoted are for the specific drugsmentioned. Other drugs in that drug class may have

different durations of action.

Fig. 2. Epidural analgesia: troubleshooting. PACU, postanesthesia care unit.
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particularly if the epidural (and sympathectomy) is then stopped and there is further
relative fluid overload as vascular tone begins to increase while the intravascular
volume remains unchanged. A more logical approach is the use of vasoactive
drugs to maintain perfusion pressure to the anastomosis,16 but this requires the
patient to be nursed in a more intensive environment (eg, critical care or high-
dependency unit).

3. A catastrophic complication is vertebral canal and spinal cord compression from
hematoma or abscess and its early recognition and management is of paramount
importance. This condition usually presents with leg weakness and back pain. The
epidural needs to be stopped immediately and, if there is no resolution of leg weak-
ness, urgent imaging of the spine is required, with urgent spinal decompression
required to prevent neurologic injury. It is paramount that good training and moni-
toring for this complication is in place.17

4. Accidental dural puncture should be a rare occurrence (0.5%) with appropriate
training and skill. It can cause a severe postdural puncture headache and, rarely,
more serious complications, including subdural hematoma. Severe postdural
puncture headache is usually treated by autologous blood patching; commonly
required in obstetric patients but much rarer in older patients undergoing major
abdominal surgery.

Epidural analgesia has a considerable evidence base to support its use for open
surgery. There is little to support its use on laparoscopic surgery,8 for which it is
regarded as unnecessary and even prolonging length of hospital stay (LOS),9 although
we consider the use of a thoracic epidural for patients having laparoscopic surgery
who are at high risk for pulmonary complications, because epidurals may have a place
in reducing these complications.18 Another difficult issue from a practical standpoint is
the unexpected prolonged laparoscopic cases or conversion to open surgery, for
which an epidural may need to be sited postoperatively, with perhaps extra risks
and/or issues with consent.

Intrathecal Analgesia

Intrathecal or spinal analgesia has functional similarities to epidural analgesia, but
because it invariably involves a single-shot injection into the cerebrospinal fluid (rather
than catheter placement) its duration of action is limited and its use is thus generally
unsuitable for major open abdominal surgery. It is more logical for laparoscopic sur-
gery, for which wound pain relief requirements are more modest, with many anesthe-
siologists having gained experience in intrathecal analgesia from other types of
surgery (eg, cesarean sections). It also has a rapid onset of action, particularly the
sympathetic blockade, which can be profound in the elderly, in the presence of hypo-
volemia, or with positioning the patient head down.
Aswith epidurals, a combinationof local anesthetic (eitherhypobaric plainbupivacaine

or hyperbaric bupivacaine) with an opioid (such as fentanyl, diamorphine, ormorphine) is
traditionallyused.Someclinicianshave triedshorter-acting local anesthetics (suchaspri-
locaine) or adjuvants such as clonidine to enhance the quality of block andminimize side
effects. In addition, similar contraindications for intrathecal analgesia and epidural anal-
gesia exist, although given that spinals are more than 2.5 times as safe as epidurals for
serioussequelae17 (perhaps related to the smaller sizeof a spinal needle and theabsence
ofpassing a catheter) there is amore relaxed viewof intrathecal analgesia comparedwith
epidural analgesia in the presence of a coagulopathy.
The major side effect is hypotension, which can be rapid in onset and at times pro-

found, and many clinicians choose to use intraoperative arterial access with invasive
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blood pressure transducing perioperatively. Vasopressors and/or sympathomimetics
should always be at hand.

Outcomes

Evidence for spinal anesthesia in laparoscopic surgery over the last 5 years has
increased. There are several studies confirming its safety efficacy both for 23-hour-
stay surgery19 and also its superiority compared with epidural analgesia, with a
marked opioid-sparing effect and rapid return to GI function and reduced LOS.9 Other
clinicians have found less consistent results, albeit with better analgesia and reduced
LOS, with either no effect on return to gut function and PONV20 or with excessive res-
piratory depression with spinal morphine in the elderly.21 There is little to support its
use following prolonged laparoscopic or open surgery because the analgesia may
have started to subside before the end of surgery. However, although it is regarded
as a safer technique than epidural analgesia, it has risks and many clinicians think
that even spinal analgesia may not be warranted in the future for laparoscopic surgery.
LOCAL ANESTHETIC DRUGS ADMINISTERED PERIPHERALLY

Although the use of local anesthetics administered centrally (eg, epidural or intra-
thecal) is effective, hypotension and reduced mobility are common and the potential
for harm is great. Administering local anesthetics more peripherally on the pain
pathway, such as with transversus abdominis plane (TAP) blocks, rectus sheath
blocks, intraperitoneal instillation, and wound catheters, is considered safer in this re-
gard. However, some of the techniques use large amounts of local anesthetic and the
risk of high plasma levels of local anesthetic and the concomitant cardiac toxicity and
neurotoxicity should not be underestimated. The location of lipid emulsion in clinical
areas and knowledge of its administration to treat local anesthetic toxicity should
be readily to hand.
TAP blocks were popularized nearly 10 years ago and have a growing evidence

base to support their use. Local anesthetic is instilled between internal oblique and
transversus abdominis muscles, preferably using ultrasonography. A blind technique
was originally used, using a double-pop technique as a blunted needle passes through
the external and internal oblique muscles. The needle is inserted in the lumbar triangle
of Petit, the borders of which are the external oblique muscle anteriorly, the latissimus
dorsi muscle posteriorly, and the iliac crest inferiorly. A large volume (20 mL) of local
anesthetic provides block of the T10 to L1 dermatomes, and covers incision for spec-
imen and some port sites. TAP blocks have been used in open and laparoscopic sur-
gery, for which reductions in pain scores and morphine use (in the first 24 hours), time
to tolerating diet, PONV, and LOS have been described.22–24 Results from recent
meta-analysis showed that preoperative TAP blocks provide greater analgesia than
postoperative TAP blocks.25 It is generally safe, although liver trauma has been
described with inexpert clinicians.26 Laparoscopy-guided TAP block has also been
successfully used recently.25,27,28 Subcostal TAP blocks are performed to provide
analgesia in the upper quadrants of the abdominal wall.29,30 The analgesic efficacy
of TAP blocks can be prolonged by intermittent boluses or continuous infusion of local
anesthetic through multihole catheters placed between the internal oblique and trans-
versus abdominis muscle.31–33

Rectus sheath blocks have also used but the evidence base is mainly for gyneco-
logic and urologic surgery and pediatric hernias. Like TAP blocks, they can be inserted
by a loss of resistance or ultrasonography, although the surgeon can also insert them
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under direct vision. A catheter is commonly left in situ and local anesthetic can be
administered either by bolus dosing or via infusion.
Wound catheters or surgical site analgesia have also been described for open sur-

gery. These devices are multihole catheters placed in the preperitoneal space during
layered closure, following which local anesthetic is administered via bolus or prefer-
ably by infusion for 48 hours or so.
The analgesic efficacy of these techniques has been compared with patients

receiving systemic opioids, and recently with patients receiving thoracic epidural anal-
gesia.34,35 Results are varied, with Bertoglio and colleagues34 reporting similar pain
scores but less PONV and accelerated return of bowel function and reduced LOS
compared with the epidural group, although these findings were not repeated in a later
study by Jouve and colleagues.35 Concerns of an increased wound infection rate
seem to be unsubstantiated.

Intraperitoneal Local Anesthetic

Administering local anesthetic directly into the peritoneum was first described for
open procedures more than 60 years ago but interest in this technique has been
rekindled more recently for laparoscopic procedures such as gastric surgery, chole-
cystectomy, colonic resection, and gynecologic procedures. It is a promising tech-
nique, using 20 mL of 0.5% bupivacaine, and reductions in pain, morphine
consumption, shoulder pain, and stress response activation have been
described.36,37

SYSTEMIC ANALGESICS

In the quest to reduce systemic morphine consumption, several drugs with little or no
opioid action have been successfully used.

Acetaminophen (Paracetamol)

Acetaminophen has been used for more than 125 years and is used worldwide with an
excellent safety record, although hepatotoxicity, resulting from altered metabolism or
prescription errors, has been recorded. Issues relating to variable bioavailability
(particularly when administered rectally) have been solved with widespread use of
an intravenous preparation, particularly valuable for GI patients who are unable to
take medication orally. It is commonly used regularly for both open and laparoscopic
surgery for 48 hours and has a good opioid-sparing effect. The maximum dose is 1 g 4
times per day for patients weighing more than 50 kg. There is some evidence to sup-
port a 2-g loading dose, with better pain relief and no increase in toxicity.

Antiinflammatory Drugs

The cyclooxygenase (COX) inhibitors are usually subdivided according to whether
they are nonselective (ie, inhibit both the constitutive COX-1 isoform and the inducible
COX-2 isoforms) or whether they inhibit principally the COX-2 isoform. Both drugs are
commonly used, although care is required in the use of these drugs in patients with
cardiac and cerebrovascular disease because of increased risk of thrombotic events.
A more specific concern for GI patients is the increased risk of anastomotic leakage
reported with both nonselective COX inhibitors (eg, diclofenac)38 and COX-2 inhibitors
after colonic surgery,39 with a recent study suggesting that nonselective COX inhibi-
tors were more likely to be implicated.40 However, these drugs are still widely used,
but their potential detrimental effects on healing, both in GI surgery and in other sur-
gery (orthopedics), has led to reluctance by some clinicians to use these agents.
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Intravenous Lidocaine

Intravenous lidocaine as an analgesic was described more than 50 years ago and has
recently been reintroduced. A dose of 1.5 to 2 mg/kg is typically given before the sur-
gical incision and then 1.5 to 2 mg/kg for up to 24 hours postoperatively, usually in a
critical care or high-dependency environment. It has several beneficial effects apart
from reducing opioid requirements (by up to two-thirds): there is a reduced duration
of PONV, ileus, and hospital stay.41,42 In addition, there are other systemic effects,
such as reduced stress response as measured by total leukocyte count, C-reactive
protein, and interleukin-6 (IL-6),43 and possibly an anticancer effect too.44 Many of
these effects seem to be more marked for open surgery. There is good evidence to
support its use, particularly as a second-line drug, and it is perhaps surprising that
it is not more commonly used, although caution is urged concerning its safety given
that some studies have observed toxic levels and others did not look for signs of
toxicity.41 Furthermore, its use in the postoperative period is limited because contin-
uous cardiovascular monitoring is required.

Gabapentinoids (Gabapentin and Pregabalin)

These agents, which are familiar to chronic pain physicians, are now increasingly used
for postoperative pain, with patients benefiting from reduced pain, opioid sparing, and
a reduction in PONV. There is more evidence to support gabapentin because it is an
older drug, but pregabalin has a better pharmacokinetic profile. There are many areas
of debate, such as the dose and duration perioperatively, and perhaps most impor-
tantly how they affect the incidence of the progression to chronic pain syndromes.
Common side effects include sedation and dizziness, and visual disturbances in the
case of pregabalin, and these will probably limit their widespread clinical usefulness.
A single dose of pregabalin 150 to 300 mg preoperatively is commonly used, but side
effects are more common at the higher dose.45,46

N-Methyl-d-Aspartate Receptor Antagonists (Ketamine and Magnesium)

NMDA glutamate receptor activation is involved in several aspects of acute pain,
including acute tolerance and hyperalgesia with central sensitization. Several drugs
are antagonists at these excitatory receptors, including ketamine and magnesium,
and both have been used to provide analgesia. Many anesthesiologists are more
familiar with ketamine and its analgesic actions. NMDA glutamate receptor activation
has been used to provide postoperative pain in several ways: mixed with morphine
PCA (which has a more beneficial action for chest rather than abdominal surgery),47

and also given intraoperatively, both as a bolus and infusion. As with the anticonvul-
sants agents, the optimal timing, dose, and duration is undecided, but when given
at low doses (2 mg/kg/min after a 0.5-mg/kg bolus) morphine consumption was halved
and the expected side effects, such as sedation, delusions, nightmares, and psychi-
atric disorders, were not an issue at these doses.48 It also reduced the inflammatory
response, as measured by IL-6.49 Magnesium also has a documented place as an
analgesic, but its other effects, such as potentiation of neuromuscular blockade and
effects on cardiac conduction, will probably limits its use.50

Alpha-2 Agonists (Clonidine, Dexmedetomidine)

These agents reduce sympathetic outflow and norepinephrine release within the cen-
tral and peripheral nervous systems, which has a multitude of effects including inhib-
iting pain pathways (and release of substance P). There are predictable side effects
from their action and the Perioperative Ischemic Evaluation-2 trial highlighted
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these,51 showing that clonidine was associated with significant excess in clinically
significant hypotension, bradycardia, and (nonfatal) cardiac arrest. These side ef-
fects, as well as a lack of good-quality data on these agents, are sure to limit its use-
fulness, with optimum dose, timing, and routes of administration remaining largely
unknown.

Peripheral Opioid Antagonists

Drugs such as alvimopan (a peripherally acting m-opioid receptor antagonist) antago-
nize the peripheral adverse effects of opioids (eg, constipation), with the central anal-
gesic effects unaffected. A few trials have shown benefit in open surgery, with
reductions in time taken for return of GI function and LOS, but further work is needed
to determine the usefulness of this approach, including its impact in laparoscopic
surgery and cost-benefit analyses.52

Glucocorticoids

These agents, which are often used as perioperative antiemetics, have other actions
too, including mild opioid-sparing effects,53 reductions in length of stay, and modifica-
tions of the stress response, apparently without increasing complications (such as
anastomotic leak). Further studies are underway to define their place within ERAS
for abdominal surgery.54
SUMMARY

There are a multitude of analgesic techniques described and the combinations are
therefore many. For open surgery, a thoracic epidural for 48 to 72 hours, with regular
acetaminophen and antiinflammatories, is probably the treatment of choice provided
there are no contraindications. For laparoscopic surgery, either intrathecal or local
anesthesia in the wound combined with regular acetaminophen and antiinflammatory
drugs is effective. If epidurals fail or are not used for open surgery, the best evidence is
for intravenous lidocaine. For many of the other techniques described there is a
weaker body of supporting evidence, but they are often used where local expertise
has developed. Readers are directed to the PROSPECT (Procedure-specific Postop-
erative Pain Management) Web site at http://www.postoppain.org/ for the most recent
evidence-based recommendations. Analgesia has come a long way from the immedi-
ate relief of postoperative pain: clinicians are now starting to determine how it may not
only affect short-term outcome but may have a variety of effects on long-term
outcome, including survival after major cancer surgery.6
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KEY POINTS

� Enhanced recovery pathways aim to reduce the stress response and improve the meta-
bolic response to surgery restoring the patient to preoperative function more quickly.

� It is increasingly recognized that rapid, uncomplicated, recovery reduces not only the cost
and length of stay of the patient episode but medical and possibly surgical related com-
plications. Provided defined discharge criteria are met readmission rates are not
increased.

� Minimally invasive surgery is a key component of enhanced recovery to reduce the pri-
mary injury of tissue damage and blood loss, which both drive the stress response and
metabolic response to surgery.

� All elements of an enhanced recovery pathway are important because they interact posi-
tively with each other, a term likened to the sum of small gains.

� The anesthesiologist plays a key role in optimizing surgical outcomes by controlling a pa-
tient’s physiology throughout the perioperative pathway.
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INTRODUCTION

This article provides an overview of the pathophysiologic process of major surgery and
how the perioperative management of patients within an enhanced recovery pathway
(ERP) can improve recovery after surgery with the aim of reducing stress and compli-
cations and improve postoperative function and outcomes.1–4 A detailed presentation
of the biochemical, neuroendocrine, and immunologic changes is beyond the scope of
this article.
ERPs, or fast-track surgery, were originally implemented by Henrik Kehlet in colo-

rectal surgery in Denmark in the late 1990s.5 He asked the fundamental question:
why is the patient still in hospital after surgery? He noted that although the causes
were multifactorial the common end points were that patients did not have return of
gut function and had poor postoperative mobility and function. He devised a protocol-
ized pathway aimed at addressing these issues by reducing any small element that
had a negative impact on recovery and promoting early enteral feeding and mobility.
The main elements to reduce the stress response and alter the metabolic response to
surgery were formalized in a Consensus Guideline by the Enhanced Recovery After
Surgery (ERAS) Society in 2005 by Fearon and colleagues for colorectal surgery. Since
then the colorectal guidelines have been revised twice by the ERAS Society with the
view of keeping the evidence up to date. For instance, in the 2012 guidelines there was
an important change in direction recognizing that in laparoscopic colorectal surgery
the benefits of thoracic epidural anesthesia (TEA) seen in open colorectal surgery
were not directly transferable to laparoscopic surgery.6

There are now multinational guideline groups developing guidelines across all sur-
gical specialties and so far evidence-based guidelines have been published or are be-
ing developed in pancreatectomy,7 gastric resection,8 cystectomy,9 pelvic and rectal
surgery,10 gynecology, and esophagectomy. The spread and adoption of ERPs has
been rapid and some centers in the United Kingdom now have ERPs in all elective sur-
gical specialties, and emergency orthopedic and abdominal surgery.
The ERAS elements are shown in Fig. 1, grouped into preoperative, intraoperative,

and postoperative factors. The elements themselves and evidence base behind them
are not listed here because they are covered elsewhere in this issue and in the article
by Gustafsson and coworkers.6 The ERAS elements can be further categorized into
the following groups with some appearing in more than one group:

1. Preadmission: counseling, assessment, and optimization
2. Standards of care: antibiotic prophylaxis, thromboprophylaxis, prevention of

postoperative nausea and vomiting, maintenance of normothermia
3. Elements to reduce the pathophysiologic insult: avoidance of bowel prepara-

tion, avoidance of nasogastric tubes, minimally invasive surgery, short-acting
anesthetic agents, TEA in open surgery, no drains, early removal of catheters

4. Elements to avoid postoperative gut dysfunction and ileus: avoidance of
salt and water overload, minimally invasive surgery, stimulation of gut motility,
nonopioid oral analgesia and nonsteroidal anti-inflammatory drugs, regional
anesthesia

5. Elements to improve the metabolic response to surgery: avoidance of pro-
longed starvation, carbohydrate loading, early enteral feeding

6. Audit: compliance and outcome

A key issue to ensure the success of an ERP is compliance with all the elements.11

Gustafsson’s group using a large database showed that with increasing compliance
with the number of ERAS elements there was a proportional reduction in length of



Fig. 1. Enhanced recovery after surgery elements. NSAID, nonsteroidal anti-inflammatory
drugs.
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stay and complications.12 It is therefore important to have regular audit and compli-
ance even in centers with established ERPs.

OVERVIEW OF CELLULAR INJURY AND THE STRESS AND METABOLIC RESPONSE TO
SURGERY

Primary cellular injury during the perioperative process can be caused by direct surgi-
cal injury (from trauma, heating, vaporization, traction, and so forth) or indirect injury
from changes in global or local perfusion impairing oxygen and nutrient delivery.
Secondary injury is caused by the effect of locally released inflammatory mediators

or the systemic effect of cytokines, inflammatory mediators, or hormones, often
termed the stress response to surgery. The consequential injury that results if left un-
treated is a patient who is catabolic, immobile, feeling weak, and with gut dysfunction.
This compounds the injury, delays healing, may lead to complications. The stress
response is an evolutionary response to limit further injury, conserve fluid, and mobi-
lize substrates. The benefit the stress response confers to the patient within modern
surgery with the availability of modern medical treatments (eg, intravenous fluid, which
can maintain or restore altered physiologic parameters to normal) is questionable and
in some instances may even impede recovery (Tables 1 and 2).

PRIMARY INJURY
Direct Cellular Injury

Surgical access, tissue dissection, mobilization, and extraction
The stress response to surgery is proportional to the type of injury and duration of
insult. This results in localized tissue trauma, and cytokine and inflammatory mediator
release, which drive a complex bundle of metabolic, hormonal, and immunologic
processes in the body, the so-called stress response. Minimizing this process can



Table 1
Primary and secondary injury following surgery

Primary injury Direct Surgical access (wound/organ mobilization)
Organ removal (dissection/tissue injury)

Indirect Blood loss, perfusion, anesthetic technique

Secondary injury Directly mediated Cytokine, hormonal, neural
Consequential Fasting immobilization
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have a profound effect on how the body responds to surgery. However, some surgical
procedures have more impact than others, even through similar surgical access sites,
because the organ being removed or operated on can trigger a large systemic inflam-
matory response or impair gut function, which can impair the restoration of normal
homeostasis (eg, open two-stage esophagectomy). The development of laparoscopic
and robotic-assisted surgery has led to a reduction in the total abdominal wall
wound area for patients and reduced intra-abdominal tissue damage by using surgical
planes with modern instruments for dissection, which in turn reduces blood loss
(Figs. 2 and 3). In addition to reducing direct injury, the pain requirements after
Table 2
Key pathophysiologic differences between laparoscopic and open surgery

Laparoscopic Surgery Open Surgery

Cardiovascular risk Equal to open surgery Equal to laparoscopic surgery

Oxygen delivery Can be reduced compared with
open surgery because of
increased aortic afterload and
head down or head up position

Can be increased because of
epidural block causing
vasodilatation

Oxygen consumption
driven by cellular
injury

Minimized compared with open
surgery depending on tissue
damage

Depends on primary and
secondary cellular injury

Pain after surgery Severe pain settles after 12–24 h so
can be addressed with oral
analgesia

Severe pain up to 72 h

Fluid shifts Minimized after 6 h unless
bleeding or gut ileus

Depends on surgery, up to 24 h
postoperatively

Postoperative fluid
requirements

Intravenous fluid rarely needed
beyond 24 h

Intravenous fluids often
carried on for duration of
epidural

Systemic inflammatory
response syndrome

Reduced compared with open
surgery

Substantial because of surgical
cuts and bowel handling

Gut ileus Reduced, less surgical bowel
handling; lower total
intravenous fluid volumes

Can be prolonged

Renal function Renal perfusion reduced during
surgery

Renal perfusion reduced

Mobility after surgery Good Often impaired by pain and
pumps

Lung function
after surgery

Improved compared with open
surgery

Can have reduced functional
residual capacity, especially if
inadequate analgesia or
abdominal distention



Fig. 2. Robotic surgery.
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minimally invasive surgery are such that at 24 hours most visceral pain has diminished
so that analgesic requirements can be met with oral analgesics rather than the more
complex forms of analgesia used in open surgery, such as TEA or rectus sheath and
wound catheters. The reduction of pain also reduces the total surgical stress response
through reduction in the neural pathways (see later). Although minimally invasive sur-
gery is increasing there are still many operations where open surgery remains the stan-
dard. Advances in surgical technique and the use of modern instruments in open
surgery, such as harmonic scalpel, have also led to less tissue injury and blood
loss. The fluid shifts as a result are reduced, which in modern ERPs where early enteral
Fig. 3. Laparoscopic surgery.
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feeding is promoted has led to simplification of fluid therapy and the reduction in the
use of postoperative intravenous fluids. Importantly, reducing the amount of tissue
injury also reduces the increased metabolic requirement for oxygen postoperatively
(Box 1).

Indirect Cellular Injury

Indirect cellular injury during surgery is caused by changes in blood supply or oxygen
and nutrient delivery.

Blood loss
Blood loss reduces global oxygen delivery, which can lead to reduction in localized
tissue oxygen delivery. Total oxygen delivery is determined by the combination of car-
diac output, hemoglobin concentration, and oxygen saturation. Local oxygen delivery
can be further complicated by changes in local perfusion, the causes of which are dis-
cussed next. Blood loss also triggers a systemic inflammatory response syndrome
(SIRS), particularly if intravascular volume is compromised to cause organ dysfunc-
tion.13,14 It is likely this effect is proportional to the total volume of blood loss. Thus,
blood loss of up to 5 mL/kg is well tolerated, but increasing losses after this have a
greater physiological impact.

Local perfusion and microvascular changes
Local perfusion to organs can be affected by a multitude of factors. Retraction of tis-
sue, clamping or coagulation of blood vessels, and mobilization of the gut can alter
local perfusion and delivery of oxygen and nutrients to the cells causing cellular
dysfunction. Local perfusion may also be affected during pneumoperitoneum because
of direct pressure effects and changes in oxygen delivery15 and effects on vital or-
gans.16 Even after surgery there is evidence that microcirculatory blood flow around
surgical sites, such as anastomosis, can be impaired for a significant period
postoperatively even in the face of normal global oxygen delivery.17
Box 1

Key points to reduce the stress and metabolic effects of surgery

Surgical factors

� Reduce primary surgical injury.

� Reduce blood loss.

Anesthetic factors

� Individualized control of patient’s physiology during surgery to optimize outcomes.

� Optimal analgesia using regional and local anesthetics, multimodal analgesia, and avoidance
of drains to reduce neural activation of stress response. Aim is to reduce total opioid use to
avoid risk of gut ileus.

� Individualized fluid therapy to maintain cellular perfusion, reduce extracellular fluid flux,
and avoid salt and water overload, which can lead to gut ileus.

Postoperative goals

� Early gut function and enteral feeding to get benefit of hormonal effects of duodenal
feeding, maintain gut perfusion, reduced surgical insult, avoid nasogastric tubes, regular
small quantities of nutrition.

� Early mobilization to reduce complications, such as chest infection and deep vein thrombosis;
stimulate muscle function to maintain strength and reduce insulin resistance.
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Anesthetic technique
Anesthetic agents and techniques can have direct and indirect effects on cellular func-
tion. The physiologic effects of intermittent positive pressure ventilation have a multi-
tude of effects. Hepatosplanchnic blood flow and renal blood flow are reduced and
there is a change in intrathoracic pressure affecting preload and afterload, all of which
can lead to alterations in cardiac output and blood pressure with subsequent changes
at a microvascular and cellular level. In the presence of Thoracic Epidural Anesthesia
(TEA) the gut is pressure dependent such that even if the cardiac output is good a
mean arterial pressure less than 60 mm Hg may lead to hypoperfusion.18

Most anesthetic drugs reduce vasomotor tone and interfere with autoregulatory
mechanisms to maintain local pressure and flow. Remifentanil, which is popular as
a continuous opioid infusion for rapid awakening, can reduce venous tone and pulse
pressure. TEA and spinal anesthesia effect arteriolar and venous tone because of a
sympathetic block, which leads to vasodilatation and hypotension unless corrected
by the anesthetist. Vasopressors can restore these physiologic effects but if used
inappropriately they can also cause problems particularly if vasoconstriction is main-
tained in the face of hypovolemia. Boluses can lead to erratic changes in blood pres-
sure and venous tone because there is variation in arteriolar and venous effect of
vasopressors depending on the patient and their intravascular volume status.
Fluid therapy is an important component of Enhanced Recovery under the control of

the anesthesiologist. Fluid therapy has a direct effect on intravascular volume and car-
diac output with a resultant effect on oxygen and nutrient delivery to the tissues. There
are also complex effects downstream on the microcirculation and vascular beds.
There are 2 dedicated chapters on fluid therapy and the use of advanced hemody-
namic monitoring in this series so the reader is referred to these and this subject is
not covered further in this chapter.
The position of the patient during surgery (head up, head down, legs up, legs down)

effects intravascular volume and perfusion pressure gradients across tissues. Factors
influencing local tissue perfusion by effects on vasomotor tone, vascular volume, or
localized blood supply include the following:

Surgical and operative factors
1. Surgical retraction, dissection, mobilization, and extraction
2. Blood loss
3. Pneumoperitoneum

Anesthetic factors
1. Induction of anesthesia
2. Intermittent positive pressure ventilation
3. Ventilatory strategy and positive end-expiratory pressure
4. Patient position: head up, head down, legs up
5. Anesthetic agents
6. Opioids, particularly remifentanil infusions
7. Epidural or spinal anesthesia
8. Vasopressor use: type and dose and whether delivered by infusion or bolus
9. Fluid therapy: can effect central compartment and microvascular flow

SECONDARY INJURY

Secondary injury from surgery is classically described as the stress response. This
process releases local cytokine and inflammatory mediators driving a complex pro-
cess of metabolic, hormonal, and immunologic processes in the whole body. The
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peak cytokine response and duration is proportional to primary surgical injury and
blood loss. These can be minimized by surgical technique. The hormonal and meta-
bolic effects in response to surgery are one of the key factors that an ERP attempts
to modify, principally by achieving early gut function (to reverse the catabolic response
to surgery) and restoring the patient to independent mobility. Neural effects can also
beminimized by appropriate analgesic techniques to reduce the central effects of pain
and improve mobility, function, and sleep postoperatively.

Directly Mediated Effects

Cytokine
Cellular injury causes the release of cytokines and inflammatory mediators, such as
interleukin IL-6, IL-1, IL-8, tumor necrosis factor-a, and C-reactive protein. This
causes local inflammation and stimulation of afferent neurons, which carry impulses
through the spinal cord up to the brain. There is release of corticotrophin from the
hypothalamus and activation of the locus-coeruleus-noradrenergic systems. Both
systems have a positive feedback on each other. The coeruleus-noradrenergic system
stimulates the sympathetic nervous system and catecholamine release from the adre-
nal medulla. Circulating catecholamines have a varied effect on organs and tissue
throughout the body. The effect on b cells of the pancreas is to inhibit the secretion
of insulin, which is an anabolic hormone.

Hormonal
Hormonal effects after surgery are complex and variable. The key issue for surgical
outcome is that the body develops a state of insulin resistance. Insulin is needed for
the passage of glucose and amino acids into cells, so this has a direct effect on cellular
function and crucially, healing of damaged tissue. Several studies have shown that the
degree of insulin resistance is proportional to the magnitude of surgery. Insulin resis-
tance can usually be overcome with administration of more endogenous insulin.19

Glycemic control has been shown to be an important predictor of complications.20

Glycemic control within the range of 8 to 10 mmol/L with the use of exogenous insulin
is normal practice on intensive care units with the Leuven study showing improved
outcomes21; however, overaggressive management of blood sugar levels was shown
to increase mortality.22 Early feeding (hormonal effects) and mobility (muscle effect)
help to reverse the state of insulin resistance.

Neural
The neural mechanism of the stress response ismediated by receptors activated by tis-
sue injury and subsequent inflammation. Surgical access causes damage to skin and
muscle injury, and injury to intra-abdominal organs and the peritoneum cause visceral
fiber activation. The ascending pathways cause release of corticotrophin from the hypo-
thalamus and activation of the locus-coeruleus-noradrenergic systems as outlined pre-
viously. The key issue for the anesthesiologist is that the use of local, truncal, and
regional anesthetic techniques can alter this part of the stress response.23,24

Consequential Effects

The result of the stress response, pain and gut dysfunction after surgery, leads to a
state of fasting and immobility that can further exacerbate an altered metabolic state
of insulin resistance, which reduces the availability of glucose and amino acids for
cellular function and repair. Unfortunately, this process is often exacerbated by med-
ical intervention. For instance, the normal treatment of ileus can be insertion of a naso-
gastric tube and intravenous fluids (often with high sodium), which can lead to further
bowel edema and prolong the period of ileus. The abdominal distention leads to
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pressure on the diaphragm and pulmonary basal hypoventilation, which leads to hyp-
oxia and increased risk of pulmonary infection and a SIRS response. Therefore, a
multimodal strategy to prevent ileus is extremely important. The key factors to reduce
ileus are reducing surgical manipulation and handling of the gut; maintaining gut perfu-
sion during the perioperative period; avoiding fluid excess, particularly above 30 mL/
kg total fluid gain; avoiding salt overload; and reducing opioids to a minimum.

Fasting
Inappropriate postoperative fasting leads to metabolic changes in the body at the time
when the body has a high energy requirement to heal injury and maintain immune
function. European Society for Clinical Nutrition and Metabolism (ESPEN) guidelines
for surgical patients are to reduce periods of fasting to a minimum.

Immobility
The cause of postoperative immobility is usually multifactorial. Patients may be in pain
and not able to mobilize, or feel weak and not be able to mobilize without help. Inter-
ventions, such as surgical drains, continuous pumps delivering intravenous fluids, and
analgesic methods (eg, TEA), make it difficult for patients to move independently. The
pathophysiologic result is that the lack of muscle use and the catabolic response of
surgery lead to further weakness and muscle loss. Immobility is also a risk factor for
developing deep vein thrombosis, which can lead to pulmonary embolus. Respiratory
function is also compromised, particularly after abdominal surgery where there is often
basal atelectasis and loss of functional residual capacity. The problem is compounded
if the patient has poor analgesia or has abdominal distention caused by ileus. This can
lead to the development of postoperative chest infection, which in turn can lead to a
SIRS response and sepsis (Fig. 4).
Fig. 4. Diagram showing overview and interrelationship of surgical injury, the stress
response, immune response, and cellular dysfunction. Other factors that compound cellular
dysfunction are included and key intervention points delivered by the anesthetist. NK,
natural killer; SIRS, systemic inflammatory response syndrome.
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THE ENHANCED RECOVERY PATHWAY AND ROLE OF THE ANESTHESIOLOGIST

The anesthesiologist is in a position to have significant input into the entire ERP. The
ERP starts preoperatively with counseling of the patient. There is increasing recogni-
tion of the importance of preoperative assessment, informed decision-making, and
risk assessment to ensure the patient is placed on the correct perioperative care
pathway. This decision-making process may also be not to operate and for the patient
to follow a different clinical treatment modality, such as radiotherapy or chemo-
therapy. Prehabilitation aims to improve outcomes after surgery by improving the pa-
tient’s physiologic reserve (discussed elsewhere in this issue).25

The anesthesiologist must deliver a suitable anesthetic from which the patient can
awaken rapidly with minimal pain, avoiding postoperative nausea and vomiting, and in
a fluid-optimized state. Reducing secondary injury is done by modulating the stress
response by effective analgesia and early oral intake of food, which stops the cata-
bolic response and promotes anabolism and healing. To achieve this optimal anal-
gesia and fluid therapy are the key components delivered by the anesthetist. By
ensuring effective analgesia the stress response is minimized and the patient can
mobilize, which in turn leads to reduced pulmonary and thromboembolic complica-
tions. Individualized fluid therapy ensures cells have adequate oxygen and nutrient de-
livery, which in turn avoids cellular dysfunction and complications. The gut perfusion is
maintained and enables early feeding, and avoiding fluid overload reduces the risk of
ileus. Early feeding and anabolism ensures optimal healing and leads to reduced com-
plications and earlier return to preoperative function. This has led to the description of
the trimodal approach delivery of enhanced recovery for anesthesiologists whereby
the anesthesiologist delivers individualized fluid therapy and optimal analgesia and
most of the other nonsurgical enhanced recovery elements are protocolized in the
perioperative care pathway (Fig. 5).26
Fig. 5. Trimodal approach to enhanced recovery for the anesthesiologist. (From Mythen M,
Scott M. Anaesthetic contributions in enhanced recovery. Chapter 4. In: Francis N,
Kennedy RH, Ljungqvist O, et al, editors. Manual of fast track recovery for colorectal surgery.
London: Springer Science & Business Media; 2012; with permission.)
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EVIDENCE BASE FOR ENHANCED RECOVERY PATHWAYS

The adoption of ERPs has now spread across the globe. The evidence base has been
growing in open andminimally invasive surgery. The key benefits of ERPs are reducing
patient stay (without increase in readmission), improving consistency of length of stay,
and improving patient outcomes by reducing complications and restoring patients to
preoperative function more quickly.
In the United Kingdom data from the Hospital Episodes Statistics (www.hscic.

gov.uk) has shown that since the introduction of ERPs in colorectal, gynecologic,
musculoskeletal, and urologic surgery there has been a year on year reduction in
length of stay in hospital (LOSH) with no increase in readmission rates. The number
of hospitals with unusually high LOSH has been reduced. It is estimated the program
has released 118,000 bed-days in the United Kingdom per annum.
A meta-analysis by Varadhan’s group in 2010 showed ERPs reduce length of stay in

colorectal surgery without increasing admissions.27 There have been 10meta-analyses
since including newer and similar studies with different conclusions. A critical appraisal
of these meta analysis by Chambers and colleagues28 for ERPs in colorectal surgery
concludes that using ERPs there is a reduction in LOSH of 2.5 days. Ultrashort lengths
of stay showing the benefit of combining minimally invasive surgery and ERPs have
been published with no increase in complications and with good patient satisfaction.29

There is increasing evidence that good compliancewith ERPs can lead to a reduction in
complications.30,31

Measuring the stress response, immune function, and insulin resistance after sur-
gery and interpreting the results can be difficult. The LAFA study looked at four groups
of surgical patients undergoing colorectal surgery: (1) open surgery within an ERP, (2)
open surgery without an ERP, (3) laparoscopic surgery within an ERP, and (4) laparo-
scopic surgery without an ERP.32 IL-6 and C-reactive protein levels were highest in the
open surgery group, as expected. The biggest impact on improving postoperative im-
mune function (measured by effect on HLA-DR) was having laparoscopic surgery and
the addition of an ERP improved this further. The open surgical group also demon-
strated an improved response within an ERP.
Insulin resistance is difficult to measure in the perioperative setting. In 2012 Ren’s

group published data from almost 600 patients undergoing surgery either within an
ERP or not. They measured insulin resistance using homeostatic model assessment
for insulin resistance (HOMA-IR) and showed reduced insulin resistance within the
ERP group. Cortisol and cytokines, such as IL-6, IL-1, and tumor necrosis factor-a,
were also reduced in the ERP group.33

SUMMARY

The pathophysiologic changes during the perioperative surgical pathway are varied
and complex. The process is driven by primary surgical injury. ERPs aim to reduce
the resulting secondary injury by using a group of evidence-based elements. All the
elements in an ERP aim to return the patient to independent mobility with early
enteral feeding and restoration of preoperative function as quickly as possible. It
is difficult to identify the benefits of each ERP element individually and it is the
sum of all the small gains that make the pathway successful. ERPs reduce length
of stay, and improve the consistency and quality of the surgical care pathway. There
is increasing evidence that there is a reduction in complications and improvement in
long-term outcomes. The anesthesiologist plays a key role in delivering care in an
ERP by controlling the patient’s physiology during surgery and the perioperative
period. The anesthesiologist is responsible for two key elements that affect

http://www.hscic.gov.uk
http://www.hscic.gov.uk
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outcome: fluid therapy and optimal analgesia. The surgeon is responsible for
reducing primary injury (see Box 1).
Clinicians are entering a new era of surgery and perioperative care where it is now

recognized that the whole perioperative pathway has an impact on short- and long-
term outcome after major abdominal surgery.
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KEY POINTS

� Anesthesiologists play a pivotal role in facilitating recovery of patients undergoing colo-
rectal surgery, as many Enhanced Recovery After Surgery (ERAS) elements are under their
direct control.

� Successful implementation of ERAS programs requires that anesthesiologists become
more involved in perioperative care and more aware about the impact of anesthetic tech-
niques on surgical outcomes and recovery.

� A key area for achieving a successful outcome is the strict adherence to the principle of
aggregation of marginal gains.

� Anesthesia considerations for patients with colorectal cancer and those undergoing emer-
gency colorectal surgery are discussed.
INTRODUCTION

Anesthesiologists play a pivotal role in facilitating recovery of patients undergoing
colorectal surgery, as many Enhanced Recovery After Surgery (ERAS) elements are
under their direct control. Successful implementation of ERAS programs requires
firstly that anesthesiologists become more involved in perioperative care and more
aware about the impact of anesthetic techniques on surgical outcomes and recovery.
Second, there are many evidenced-based steps within ERAS protocols. Although
some of these steps may have greater impact than others, a key area for achieving
a successful outcome for these patients is the strict adherence to these individual
steps: the principle of aggregation of marginal gains.1 This article reviews anesthetic
and analgesic care of patients undergoing elective colorectal surgery in the context of
an ERAS program. Anesthesia considerations for patients with colorectal cancer and
emergency colorectal surgery are also discussed.
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PREOPERATIVE PATIENT EDUCATION

Preoperative patient education is an essential component of any ERAS program. Pre-
operative patient education and preparation has positive effects on outcomes such as
pain, psychological distress, and indices of recovery, including hospital stay, even if
the intervention is relatively brief and not individualized. Patient expectation may
also play a role in postoperative outcome.2,3 As the enhanced recovery approach
may differ from patients’ and their caregivers’ expectations, it is important to specify
the active role the patient is expected to play. Specifications include explicit written
information, at an appropriate literacy level, specifying daily goals for nutritional intake
and ambulation in the perioperative period, discharge criteria, and expected hospital
stay.

PREOPERATIVE EVALUATION, RISK STRATIFICATION, AND OPTIMIZATION

Preoperative evaluation and risk stratification are valuable only if they allow subse-
quent patient optimization, leading to reduced postoperative mortality and morbidity.
Thirty-day mortality after colorectal surgery varies among countries and institutions,4

and ranges between 2% and 6%.5,6 Data from 182 hospitals participating in the Amer-
ican College of Surgeons National Surgery Quality Improvement Program (NSQIP)
showed that in 28,863 patients undergoing colorectal surgery, overall 30-day mortality
was 3.9%.7 After emergency surgery, 30-day mortality is 3 to 4 times higher than after
elective surgery.5,8 Overall morbidity ranges between 21% and 30%,7 and is higher
after rectal surgery than after colon surgery.9 Of interest, patients developing compli-
cations within 30 days from surgery have a 69% lower chance of surviving at 8 years.10

General7,11 and organ-specific12–16 preoperative scoring systems and assessment
of functional capacity17,18 can help to predict and stratify preoperative risk. The pre-
operative evaluation is also an opportunity to improve long-term health besides sur-
gery, such as counseling patients who may benefit from long-term b-blockers,
stopping smoking, or tightening glycemic control. Although a substantive discussion
about cardiopulmonary risk assessment and reduction is beyond the scope of this
article, current guidelines and algorithms are available for assessment and reduction
of perioperative risk related to cardiac disease,19 anemia,20 pulmonary complica-
tions,21 obesity,22 obstructive sleep apnea,23 and diabetes.24 Preoperative evaluation
and risk stratification of elderly patients is complex, and should alsomeasure cognitive
function, estimate the risk of postoperative delirium and postoperative falls, and esti-
mate functional capacity and the patient’s frailty.25 Secondary adrenal suppression
should be suspected in patients with inflammatory bowel diseases on long-term sys-
temic steroids. Steroids should be continued at the same dose throughout the periop-
erative period (including the morning of surgery), with higher doses (stress dose)
administered only to hypotensive patients in whom arterial hypotension is unrelated
to other causes (eg hypovolemia, sepsis).26

Preoperative smoking cessation has been shown to improve outcomes,27 but the
optimal duration of preoperative abstinence still remains unclear. It is acknowledged
that the implementation of such an approach in clinical practice is not always feasible
because of limited hospital resources, lack of organization, and waiting time before the
operation. Nevertheless, perioperative caregivers should take the opportunity to
emphasize the importance of smoking cessation and be more proactive in helping pa-
tients to quit smoking. Preoperative alcohol cessation can improve organ dysfunction,
but the effect on postoperative outcomes remains unclear.28

Patients undergoing colorectal surgery are commonly malnourished, as undernutri-
tion ranges from approximately 10% to 40% depending on the nutrition risk tool used.
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Poor nutritional status is associated with higher morbidity after surgery.29 Patients with
moderate and severe undernutrition benefit from preoperative nutrition, preferably us-
ing the enteral route, for 7 to 10 days before major surgery.30 In patients with less se-
vere malnutrition, including those with diminished oral intake resulting from their
underlying disease, oral nutritional supplements are added to their normal diet. Preop-
erative parenteral nutrition is indicated in severely malnourished patients31 in whom
enteral nutrition is not feasible or not tolerated.30 Combination with enteral nutrition
might be beneficial in patients who need supplemental nutritional support and in
whom energy needs cannot be met (<60% of caloric requirements) by the enteral
route. Preoperative immune-enhancing nutrition has been shown to reduce postoper-
ative complications after gastrointestinal surgeries, especially for infections,32 but
these results need to be confirmed in a context of a multimodal ERAS program. More-
over, adverse effects have been reported in critically ill patients.32

The perioperative period may be associated with rapid physical deconditioning,
requiring a period of recovery during which patients are fatigued and quality-of-life
and activities are curtailed. Patients with poor baseline exercise tolerance and phys-
ical conditioning are at increased risk for serious perioperative complications and pro-
longed disability,17 and improving functional capacity by increasing physical activity
before surgery may be protective.33 Physical fitness can be improved in the time
that patients are waiting for scheduled surgery, as modest improvements in aerobic
capacity can be seen in older adults after training only 1 hour per day, 4 times a
week, for 4 weeks. The strategy of augmenting physical capacity with preoperative ex-
ercise in combination with nutritional counseling and protein supplementation in antic-
ipation of an upcoming stressor is termed prehabilitation, as opposed to rehabilitation,
which begins only after the injury or surgery has occurred.34 Several small trials have
suggested that prehabilitation is effective for improving physical fitness and is safe,
although evidence for improved clinical outcomes related to preoperative exercise
is limited.35 Detailed preoperative evaluation and optimization take time and are not
always feasible, especially in patients undergoing emergency surgery or colorectal
cancer surgery. More studies evaluating the role of optimizing preoperative conditions
to a point to delay surgery in patients undergoing oncologic colorectal surgery are
warranted (Table 1).
PREOPERATIVE FASTING AND PREOPERATIVE ORAL CARBOHYDRATE DRINKS

There is no scientific evidence to support a policy of routine NPO (nothing by mouth)
after midnight.36 Fasting from midnight increases insulin resistance,37 depletes
glycogen reserves,38 increases patient discomfort,39 and decreases intravascular vol-
ume, mainly in patients receiving mechanical bowel preparation (MBP).40 In fact, func-
tional intravascular deficit after fasting time, as indicated by guidelines41 or after
8 hours’ fasting,42 is minimally affected in patients undergoing elective surgeries
without MBP.41,42 Current preoperative fasting guidelines for adult patients undergo-
ing elective surgery recommend a 2-hour fast for liquids and a 6-hour fast for solids.43

Radiologic studies have further supported the safety of allowing clear fluids up to
2 hours before the induction of anesthesia, showing complete gastric emptying within
90 minutes.44 These recommendations do not apply to patients with delayed gastric
emptying (eg, gastroparesis, gastrointestinal obstruction, upper gastrointestinal tract
malignancy). Patients should receive detailed information on what they are allowed to
drink and until what time. In addition, written materials should be supplied with infor-
mation on minimizing fasting times to facilitate the implementation of fasting
guidelines.



Table 1
Preoperative risk stratification, evaluation, and optimization

Preoperative Risk Stratification

Scoring systems that predict overall morbidity and mortality
POSSUM-CR11

ACS NSQIP colorectal risk calculator7

Walking testsa,17

CPET18

Examples of organ-specific scoring systems
Revised Cardiac Risk12

Cardiac Risk Calculator15

Modified Clinical Pulmonary Infection Score14

Postoperative pneumonia risk index13

General Surgery Acute Kidney Injury Risk Index16

Preoperative Risk Evaluation and Optimization

Preoperative Risk Evaluation Preoperative Optimization

Cardiovascular function
Revised Cardiac Risk12

Cardiac Risk Calculator15

METs16,19

ACC/AHA guidelines19

Renal function
General Surgery Acute Kidney Injury Risk

Index

—

Respiratory function
Modified Clinical Pulmonary Infection

Score14

Postoperative pneumonia risk index13

American College of Physicians guidelines21

Diabetic patients
HbA1c >6.0%

24 (even in nondiabetic
patients115)

American Association of Clinical
Endocrinologists and American Diabetes
Association guideline24

Exercise
Weight loss
Glycemic control

Anemia
Determine the cause of the anemia20

American Anesthesiology Society
recommendations20

Optimize preoperative Hb levels
Perioperative blood management strategies

Nutritional status30

Evaluation of
Energy intake
Recent weight loss or gain
Body fat, muscle mass, presence or

absence of fluid accumulation
Grip strength’

Biochemical nutritional indices
Serum albumin
Serum prealbumin

Tools to assess nutritional risk
Nutritional Risk Screening (NRS-2002)
Subjective Global Assessment (SGA)
Malnutrition Universal Screening Tool

(MUST)
Nutritional Risk Index (NRI)

Severe nutritional risk31

Weight loss 10%–15% within 6 mo or
BMI <18.5 kg/m2

Subjective Global Assessment Grade C or
Serum albumin 30 g/L (with no evidence

of hepatic or renal dysfunction)

Nutritional support
Mild nutritional risk

Nutritional supplements added to normal diet
Moderate to severe nutritional risk31

Enteral nutrition for 7–10 d (even if surgery
has to be delayed)

Consider combination with parenteral
route if >60% of calorie requirement
cannot be met

Parenteral route if enteral nutrition is not
feasible for 5–7 d

Immune-enhancing nutrition31,32

Prehabilitation34

(continued on next page)
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Table 1
(continued)

Preoperative Risk Evaluation and Optimization

Preoperative Risk Evaluation Preoperative Optimization

Frailty (frailty phenotype)25

Weight loss
Weakness
Exhaustion
Slowness
Low physical activity

Prehabilitation34

Smoking and alcohol abuse Smoking cessation
Multidisciplinary approach
Preoperative counseling 1 NRT
The beneficial effect of smoking cessation is

correlated with the length of the period of
abstinence. Reduction of postoperative
complications is seen after at least 3 wk of
abstinence before surgery

Functional capacity
METs19

Walking testa,17

CPET18

Preoperative exercise34,35

Prehabilitation34

Secondary adrenal suppression Continue administration of steroids throughout
the perioperative period, including the
morning of surgery, at the same dose

A higher dose of steroid (stress dose) is required
in hypotensive patients, in whom hypotension
is unrelated to other causes (eg, hypovolemia,
sepsis)26

Abbreviations: ACC/AHA, American College of Cardiology/American Heart Association; BMI, body
mass index; CPET, cardiopulmonary exercise tests; Hb, hemoglobin; METs, metabolic equivalents;
NRT, nicotine replacement therapy.

a Six-minute or 2-minute walking test and shuttle-walking test.
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Administration of oral carbohydrate (CHO) drinks with a relatively high concentration
(12.5%) of complex CHO (maltodextrin), 100 g (800 mL) the evening before elective
surgery, and a further 50 g (400 mL) 2 to 3 hours before induction of anesthesia,
has been shown to attenuate the catabolic stress response to surgery. This effect
seems particularly related to the CHO dose administered 2 to 3 hours before the in-
duction of anesthesia.45 As a consequence, insulin resistance is decreased, protein
breakdown reduced, and muscle strength improved.46,47 This might turn in a faster
surgical recovery as indicated by the results of a recent Cochrane meta-analysis
showing a 1 day reduction in hospital stay after abdominal surgery.48 Preoperative
oral CHO drinks are safe and do not increase the risk of aspiration, even in patients
with uncomplicated type 2 diabetes49 and obese patients.50

ANESTHETIC MANAGEMENT
Antibiotic Prophylaxis

Antibiotic prophylaxis for patients undergoing colorectal surgery should cover the
aerobic and anaerobic flora of the bowel. It should begin within 30 to 60 minutes
before surgical incision, be completed before surgical incision, and last no more
than 24 hours. Intraoperative dosing is required for surgical procedures lasting more
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than 2 antibiotic half-lives or with extensive blood loss. First-choice recommended
agents are cefazolin plus metronidazole, or a second-generation cephalosporin with
aerobic and anaerobic activities (cefoxitin or cefotetan) for patients undergoing elec-
tive colorectal surgery. In patients with type 1 allergic reactions to b-lactamine, cefa-
zolin and metronidazole should be replaced with gentamicin (5 mg/kg) and
clindamycin (900 mg).51 In patients with a high risk of methicillin-resistant Staphylo-
coccus aureus (MRSA) colonization or known MRSA colonization, vancomycin should
be used in combination with cefazolin, as cefazolin is more effective than vancomycin
in preventing surgical-site infections (SSIs) caused by methicillin-susceptible
S aureus.51 MBP combined with oral neomycin sulfate plus oral erythromycin base,
or with oral neomycin sulfate plus oral metronidazole, and in combination with intrave-
nous antibiotic prophylaxis has been shown to further reduce SSIs. However, the
increased risk of gastrointestinal symptoms associated with this regimen can offset
the former benefit.51 Furthermore, the use of MBP causes undesirable side effects,
and is no longer routinely indicated in patients undergoing colonic surgery within an
ERAS program.52 Although in many institutions surgeons and infection disease deter-
mine the choice of antibiotic based on local microbiological data and international
guidelines, anesthesiologists still remain responsible for administering antibiotics
before skin incision and ensuring adequate redosing when indicated.

Premedication

Patients should not routinely receive anxiolytic agents. The choice, timing, and dose of
anxiolytics have to be tailored according to the patient’s age, comorbidities, and med-
ications. The type and duration of surgery need also to be considered. Long-acting
anxiolytic medications can prolong immediate surgical recovery, interfering with pa-
tient mobilization and early postoperative nutrition. The use of short-acting medica-
tions to reduce anxiety associated with surgery and provide comfort during painful
intervention before the induction of anesthesia, such as insertion of epidural or arterial
cannulation, is recommended.53 Benzodiazepines can cause undesirable side effects
such as postoperative delirium and postoperative cognitive dysfunction that can pro-
long convalescence, especially in the elderly.53 Morphine and meperidine are no
longer used as premedicants, owing to their prolonged duration of action and side ef-
fects. Premedicatiing with a2-agonists such as clonidine and dexmedetomidine has
been shown to attenuate surgical stress, but side effects such as arterial hypotension
and sedation that might impair early recovery must be considered.53 Their role as pre-
medication agents in the context of an ERAS program remains unknown.

Intraoperative Anesthetic Management

Intraoperative anesthetic management of patients undergoing colorectal surgery
within an ERAS program aims to provide adequate anesthesia and analgesia, atten-
uate surgical stress, maintain organ perfusion and oxygenation, and facilitate early
feeding and postoperative mobilization.

Anesthetic agents and cerebral monitoring
Few studies have evaluated the impact of different anesthesia techniques (intravenous
anesthesia versus inhalational anesthesia) on postoperative outcomes in colorectal
surgery. Contrasting results are available, and recommendations cannot be made.
However, it seems intuitive to use short-acting inhalation agents such as desflurane
and sevoflurane to facilitate rapid emergence from anesthesia. In patients at high
risk of postoperative nausea and vomiting (PONV), total intravenous anesthesia with
propofol is advised. The use of nitrous oxide (50%–70%) should be avoided,
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especially during laparoscopic surgery, as prolonged use of nitrous oxide can cause
bowel distension and significantly increase the risk of PONV despite the administration
of prophylactic antiemetic agents.54,55 Cerebral monitoring can reduce awareness in
high-risk surgical patients, and improve postanesthetic recovery.56 Monitoring the
depth of anesthesia can be particularly useful in elderly patients (>65 years old), as
titrating anesthetic agents to maintain bispectral index values between 40 and 60 re-
duces the incidence of postoperative delirium and postoperative cognitive
dysfunction.57

Attenuation of surgical and inflammatory stress
The attenuation of the physiologic stress response to surgery and the associated
sequelae (such as insulin resistance and protein catabolism) is widely regarded as a
key area within ERAS programs.58 Many of the elements of ERAS pathways have
already been very successful in this area, such as laparoscopic surgery and preoper-
ative oral CHO loading. Intraoperative strategies attenuating surgical stress and the
inflammatory response to surgery have been also shown to facilitate surgical recov-
ery.58 It is well established that perioperative epidural analgesia with local anesthetic
attenuates the catabolic response to surgery, but poorly influences the inflammatory
response.59 Similar results have been reported after spinal anesthesia. The anti-
inflammatory effect seems more related to the systemic effect of local anesthetics
than to the neuraxial blockade per se, as demonstrated by the anti-inflammatory prop-
erties of intravenous lidocaine. Continuous infusion of intraoperative intravenous lido-
caine has been shown to reduce postoperative pain, opioid consumption, and opioid
side effects.60 Glucocorticoids were also found to be beneficial in colorectal pa-
tients.61–63 b-Blockers can be particularly useful to blunt the acute sympathetic
response induced by pneumoperitoneum in patients undergoing laparoscopic colo-
rectal surgery. Furthermore, they possess anticatabolic properties, as shown in
burn patients in whom they attenuate catabolism.64 Core temperature needs to be
monitored and normothermia maintained throughout the perioperative period, as pre-
vention of hypothermia attenuates circulating levels of catecholamines and reduces
postoperative complications.65,66

Intraoperative analgesia
Several factors must be considered when choosing the type of analgesia for patients
undergoing colorectal surgery. The choice depends on the surgical approach (laparot-
omy or laparoscopy), the site of the incision (midline, transverse, semicurve, or
Pfannenstiel-like incision), the type of surgery (colon or rectum), and patient comorbid-
ities. Perioperative analgesia should aim to provide optimal intraoperative and postop-
erative pain control, with minimal side effects, with the ultimate goal of facilitating early
oral feeding and postoperative mobilization.
Thoracic epidural analgesia (TEA) has been shown to reduce the requirement of

anesthetic, systemic opioids, and neuromuscular blockade agents, and attenuate
the catabolic stress response to surgery.59 The impact of TEA on surgical outcomes
remains debatable. Although the results of the MASTER trial did not show any benefit
of combining epidural analgesia with general anesthesia, a recent meta-analysis of
125 randomized controlled trials (RCTs) (N 5 9044) found that epidural analgesia in
combination with general anesthesia reduces 30-day mortality and morbidity by
40%, independently of the type of surgery.67 The use of short-acting opioids such
as fentanyl and remifentanil is suggested. However, opioid-inducing hyperalgesia
(OIH) has been reported, especially after remifentanil infusion. The use of N-methyl-
D-aspartate (NMDA) glutamate receptor antagonists, such as ketamine or magnesium,
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to prevent OIH remains controversial.68 Intravenous lidocaine has shown to provide
adequate analgesia, reduce anesthetic requirement, opioids needs and hasten recov-
ery in open60 and laparoscopic surgery.69 Intrathecal morphine with local anesthetics
in combination with general anesthesia has also been successfully used, especially in
patients undergoing laparoscopic surgery.70,71 Other analgesic adjuvants such as ke-
tamine, b-blockers, and a2-agonists are useful alternatives to spare anesthetic and
opioid requirements.53 However, their role as part of multimodal analgesic interven-
tions to improve postoperative outcomes has not been extensively evaluated, espe-
cially in colorectal patients and in the setting of an ERAS program. Based on the
PROSPECT (Procedure Specific Postoperative Pain Management) recommenda-
tions,72 a guide to the choice of analgesia in colorectal surgery is proposed in Fig. 1.

Intraoperative ventilation
Intraoperative lung-protective ventilation has been shown to be beneficial even in pa-
tients undergoing abdominal surgery with normal lungs (Table 2).73 Early studies failed
to demonstrate reduction of systemic and local inflammatory markers in the early
postoperative period (1–5 hours) in patients receiving intraoperative lung-protective
ventilation with low tidal volumes (VT 5 6–8 mL/kg) and adequate positive end-
expiratory pressure (PEEP) (10–12 cm H2O), in comparison with patients receiving
standard ventilation with VT of 10 to 15 mL/kg and without PEEP (see Table 2). How-
ever, results from 2 recent RCTs have shown a reduction in postoperative respiratory
complications and shorter hospital stay in patients receiving lung-protective ventila-
tion with low tidal volumes (VT 5 6–8 mL/kg), adequate PEEP (6–10 cm H2O), and
lung recruitment maneuvers (see Table 2). Most of the studies included only patients
undergoing open abdominal surgery. Similar benefits could be hypothesized, espe-
cially in patients undergoing laparoscopic colorectal surgery, in whom the effects of
the pneumoperitoneum in combination with steep Trendelenburg position can signif-
icantly increase the risk of atelectasis and ventilator-induced lung injury. Further
studies are warranted to confirm the role of intraoperative protective ventilation in
this specific population. Oxygen therapy (fraction of inspired oxygen [FiO2]) should
be titrated to the most favorable concentration that ensures optimal tissue oxygena-
tion based on the evaluation of oxygen saturation, arterial partial oxygen pressure
(PaO2/FiO2 ratio), and serum lactates. The use of intraoperative high FiO2 (FiO2 5 0.8)
to prevent SSI has shown conflicting results. However, patients undergoing colorectal
surgery might particularly benefit from this intervention.74 It must be borne in mind that
hyperoxia can cause damage attributable to the production of oxygen free radicals.

Myorelaxation
Short-acting or intermediate-acting muscle relaxants are recommended in patients
undergoing colorectal surgery. Cisatracurium should be used in patients with impaired
liver or kidney function. Deep neuromuscular blockade (posttetanic count 1–2) facili-
tates surgical exposure, especially during laparoscopic procedures,75 and could be
particularly useful during laparoscopic rectal surgery. Neuromuscular function should
be monitored (train-of-four [TOF], double-burst, or tetanic stimulation patterns) to
avoid residual paralysis (TOF <0.9) and postoperative hypoxia.76,77 Clinical assess-
ment of neuromuscular function underestimates residual paralysis and increases the
risk of postoperative respiratory complications, even when sugammadex is used.78

Qualitative (visual or tactile) assessment is less sensitive than quantitative assessment
(acceleromyography) in identifying patients with residual paralysis. Anticholinester-
ases should be administered 15 to 20 minutes before tracheal extubation and with
a TOF count of 4.77 Sugammadex has been shown to provide faster and more reliable



Fig. 1. A guide to the choice of analgesia in colorectal surgery. APR, abdominal perineal resection; AR, anterior resection of the rectum; CEA, contin-
uous epidural analgesia; CR, colorectal surgery; CWI, continuous wound infusion; IV, intravenous; L, left; LA, local anesthetic; LAR, low anterior resec-
tion of the rectum; MMA, multimodal analgesia; PCEA, patient-controlled epidural analgesia; R, right; TEA, thoracic epidural analgesia. a In patients at
high risk of pulmonary complications122 and in those with high probability of conversion to laparotomy.
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Table 2
Intraoperative ventilation and postoperative outcomes

Protective Lung Ventilation (PV) Versus Standard Ventilation (SV)

Wrigge et al,
2000

Wrigge et al,
2004 Choi et al, 2006

Determann et al,
2008

Weingarten
et al, 2010

Treschan et al,
2012

Severgnini
et al, 2013 Futier et al, 2013

Study design (N) RCT (39) RCT (64) RCT (40) RCT RCT (n 5 101) RCT (56) RCT (400)

Population Open,
abdominal

Open,
abdominal
(30) and
thoracic (34)

Open >5 h Open, general
surgery

Open, major
abdominal

ASA >2,
age >50 y

Open >3 h

Open
abdominal,

>2 h

High-riska

Open (79%)/
laparoscopic
(21%) >2 h

Colorectal
patients, n (%)

NR NR 0 1 NR 2 NR 87 (21)

Analgesia (%) IV opioids IV opioids Epidural Epidural IV opioids Epidural (83)
IV opioids (17)

Epidural (67)
IV/SC opioids
(33)

Epidural (40%)
IV opioids (60%)

Fluid
managements

1.5 L of
crystalloid

Not
standardized

500 mL bolus
of RL

2–4 mL/kg/h
Crystalloid (3:1)

or colloids
(2:1) to
replace EBL

12–15 mL/kg/
h

Not standardized

Protective lung ventilation, PV (n)

VT (mL/kg)-IBW 6 6 6 6 6 6 7 8

PEEP (cmH2O) 10 10 10 10 12 5 10 6–8

1
0
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RM (Y/N) No No No No Yes No Yes Yes, every 30 min

FiO2 (%) 0.3 0.3 and 1a

(OLV)
0.4 0.4 0.5 0.4 0.46

Standard ventilation, SV (n)

VT (mL/kg) -IBW 15 12–15 12 12 10 12 9 10–12

PEEP (cmH2O) 0 0 0 0 0 5 0 0

RM No No No No No No No No

FiO2 (%) 0.3 0.3 and 1a

(OLV)
0.4 0.4 0.5 0.5 0.4 0.47

Primary outcome Intraoperative
cytokine
plasma level

Intraoperative
cytokine
plasma and
tracheal
aspirates
levels

Intraoperative
BAL: coagulation
(TAT), MPO, IL
and cytokines
levels

IntraoperativeCC16 Intraoperative
PaO2/FiO2

(TWA) FVC
(TWA) FEV1

over 5 d

mCPIS Major pulmonary and
extrapulmonary
complications
over 7 d

Results No difference No difference TAT and MPO Y PV
group; No
differences in
other cytokines

No difference [ PV group No difference Y PV group at
POD 1 and
POD 3

Y PV group (RR 5 0.4,
95% CI 0.24–0.68)

Abbreviations: ASA, American Society of Anesthesiologists score; BAL, bronchoalveolar lavage; CC16, Clara cell protein; CI, confidence interval; EBL, estimated blood loss;
IBW, ideal body weight; IV, intravenous; mCPIS, Modified Clinical Pulmonary Infection Score14; MPO, myeloperoxidase; NR, not reported; OLV, one-lung ventilation; POD,
postoperative day; RCT, randomized controlled trial; RL, Ringer lactate; RM, recruitment maneuvers; RR, relative risk; SC, subcutaneous; TAT, thrombin-antithrombin; (TWA)
FEV1, time-weighted average forced expiratory volume in 1 second; (TWA) FVC, time-weighted average forced vital capacity.

a Postoperative pneumonia risk index greater than 2.13

Adapted from Coppola S, Froio S, Chiumello D. Protective lung ventilation during general anesthesia: is there any evidence? Crit Care 2014;18(2):210.
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reversal than anticholinesterase agents and without muscarinic side effects, thus facil-
itating earlier tracheal extubation and potentially reducing postoperative respiratory
complications as a result of residual muscle paralysis.79

Prevention of hypothermia
Intraoperative hypothermia increases the risk of postoperative complications and pro-
longs emergence from anesthesia. In colorectal patients, unintentional perioperative
hypothermia (core temperature <35�C) has been recently associated with an
increased mortality and morbidity.65 Laparoscopic surgery does not reduce the risk
of perioperative hypothermia, as hypothermia is mainly caused by anesthesia.80 Main-
tenance of intraoperative normothermia with the use of active and passive warming
devices together with aggressive postoperative management of shivering and residual
hypothermia decreases the incidence of wound infections, blood loss, myocardial
ischemia, and protein breakdown. Although not always feasible, preoperative warm-
ing strategies 20 to 30 minutes before induction of anesthesia has been shown to
attenuate redistribution hypothermia, and could be indicated for patients at high risk
of hypothermia, such as elderly and malnourished patients. Core temperature should
be monitored and maintained higher than 36�C in the intraoperative and immediate
postoperative period.66

Intraoperative hemodynamic management
Maintenance of optimal organ perfusion is essential in colorectal patients to prevent
organ dysfunction and protect bowel anastomosis. Colonic blood flow is poorly autor-
egulated, and the perfusion of the colon mainly depends on mean arterial pressure,
more so than cardiac output. Several considerations must be taken into account
when administering intravenous fluids in the context of an ERAS program.81 The
minimization of preoperative fasting, select use of MBP, a more rational and
evidence-based intravenous fluid administration, and early resumption of oral intake
have significantly reduced the amount of perioperative intravenous fluids (Table 3).
Intraoperative fluid management of patients undergoing colorectal surgery remains

controversial. However, it is well established that intravenous fluid overload or
splanchnic hypoperfusion increases postoperative complications and delays the re-
covery of gastrointestinal function.82 Static hemodynamic measures such as central
venous pressure or pulmonary arterial wedge are inaccurate in measuring preload83,84

and predicting fluid responsiveness.85 Early studies showed that intravenous fluid
administration and inotropic agents based on optimization of cardiac output and tar-
geting predetermined hemodynamic goals (goal-directed therapy [GDT]) reduced
postoperative complications, accelerated the recovery of bowel function, and short-
ened the length of hospital stay in patients undergoing colorectal surgery.86–89 How-
ever, the last 2 RCTs found that GDT was not beneficial, as low-risk patients treated
with a more restrictive fluid regimen and within an ERAS program had morbidity and
surgical recovery similar to those of patients treated with GDT.90,91 These data were
also confirmed by a recent meta-analysis.92 The value of GDT might be more evident
in high-risk patients undergoing colorectal procedures with extensive blood loss (esti-
mated blood loss >7 mL/kg).93–97 Inotropes can be considered in patients with
reduced cardiac contractility (cardiac index <2.5 L/m2) to ensure optimal oxygen de-
livery. Esophageal Doppler has been mainly used to guide fluid therapy in colorectal
patients. However, GDT based on pulse contour analysis and aiming to minimize
stroke volume variations during the respiratory cycle of mechanically ventilated pa-
tients has also been shown to decrease morbidity and accelerate recovery, especially
in high-risk patients.93,96,98,99 Intraoperative and postoperative central venous oxygen



Table 3
Intraoperative intravenous fluid management

Intraoperative Fluid
Replacement

Intravenous Fluid Administration: a Physiologic and Evidence-Based
Approach (70 kg, Elective, No MBP, 2 h Fasting, 2 h Laparoscopic
SR surgery, EBL 5 500 mL)

Preoperative fasting Intravascular volume is minimally reduced after overnight
fasting41,42

30% of patients do not have an intravascular preoperative deficit41

MBP Avoided in colonic surgery
1000–2000 mL if MBP is used

Preloading in patients
receiving epidural or
spinal analgesia

Intravenous fluids do not prevent hypotension induced by neuraxial
blockade

Vasopressors are the first choice to treat hypotension induced by
neuraxial blockade

Intravascular
volume expansion
(anesthesia-related)

In normovolemic patients, intravenous fluids are not necessary and
vasopressors are the first choice to treat hypotension induced by
anesthesia

Maintenance Replacement of insensible losses (iso-oncotic crystalloids, avoid 0.9%
normal saline)

Insensible loss during maximal bowel exposure are not higher than
1 mL/kg/h82

Open surgery: 3–5 mL/kg/h
Laparoscopic surgery: <3 mL/kg/h
GDT: in high-risk patients or in patients undergoing surgery with

extensive blood loss (>7 mL/kg)

Third space Nil
A primarily fluid-consuming third space has never been identified82

Urine/GI loss 1:1 iso-oncotic crystalloids according to clinical estimation

Blood/type 2 shiftinga 1:1 colloid, or 3:1 iso-oncotic crystalloids (in patients with AKI)
Intravascular deficit should be measured (GDT high-risk patients)
GDT: in high-risk patients or in patients undergoing surgery with

extensive blood loss (>7 mL/kg)

Total (mL) 1000–3200

Abbreviations: AKI, acute kidney injury; GDT, goal-directed therapy; GI, gastrointestinal; MBP, me-
chanical bowel preparation.

a Type 2 shifting refers to extravascular shift of fluids that occurs during the surgical trauma
owing to an increased endothelial permeability secondary to (1) the release of inflammatory me-
diators and (2) the release of atrial natriuretic peptide during iatrogenic acute hypervolemia.82
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saturation–guided fluid administration has not been shown to affect postoperative
complications.100 Intraoperative cardiac output monitoring is also useful to guide fluid
therapy during hemodynamic changes induced by pneumoperitoneum and patient
positioning, and avoids unnecessary fluid administration. Arterial hypotension induced
by general anesthesia or epidural analgesia should be treated with vasopressors when
administration of intravenous fluid fails to increase stroke volume by more than
10%,52,94,101 as low-dose vasopressors do not impair colonic oxygenation.102

Crystalloid solutions should be used to replace extracellular losses, such as urine
loss, insensible blood loss, and gastrointestinal loss, while in presence of objective
measures of hypovolemia iso-oncotic colloid solution should be used to replace intra-
vascular volume.82 Crystalloid isotonic balanced solutions should be preferred and
0.9% saline solutions avoided.103 Hyperchloremia caused by the use of 0.9% saline
solutions has been associated with kidney dysfunction,104–106 prolonged hospital
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stay, and increased 30-day mortality (odds ratio 1.58, 95% confidence interval 1.25–
1.98).104 Recent data have suggested that the use of hydroxyethyl starch (HES) solu-
tions can increase the risk of death and acute kidney injury in critically ill pa-
tients,107,108 but these results have not been confirmed in the perioperative
setting.109 Moreover, the use of large volumes of HES 130/0.4 (2605 � 512 mL) during
major urologic procedures has been shown to impair hemostasis and increase blood
loss in comparison with crystalloid solutions.110 Nevertheless, intraoperative
crystalloids-based fluid regimens increase the risk of fluid overload.110

Acute intraoperative anemia results in increased mortality.111 Blood loss reported
during open and rectal surgery is higher than during laparoscopic and colonic surgery,
respectively. Anemia thresholds triggering red blood cell transfusions cannot be
currently recommended, as hemoglobin levels resulting in tissue hypoxia are pa-
tient-specific.111 The decision to transfuse should be made on an individual basis,
depending on the clinical context, serum lactate levels, central oxygen venous satura-
tion, and patient comorbidities. Administration of red blood cell transfusion and bone
marrow–stimulating agents to treat anemia failed to improve outcomes. Furthermore,
it must be also considered that blood transfusions are associated with an increased
risk of morbidity and mortality.111 Optimization of preoperative hemoglobin levels
and implementation of blood management programs might reduce red blood cell
transfusion, minimize blood loss, and improve postoperative outcomes,111 especially
in patients at high risk of intraoperative transfusion.112

Prevention of postoperative nausea and vomiting
PONV prophylaxis is a key component of an ERAS program for patients undergoing
colorectal surgery, as avoidance of PONV facilitates early feeding and accelerates re-
covery. The risk of PONV can be predicted by the Apfel score, based on the presence
of the following risk factors: female, nonsmoking status, history of PONV, and opioid
use.113 Several PONV prophylaxis strategies are available, which include minimal pre-
operative fasting, CHO loading, adequate hydration, prophylactic administration of
antiemetic agents, multimodal analgesic strategies to spare opioids and opioid side
effects, use of regional analgesia techniques, total intravenous anesthesia, and avoid-
ance of nitrous oxide. The use of high oxygen concentration has a weak effect in
reducing PONV.74 In patients with more than 2 risk factors a multimodal approach,
including pharmacologic and nonpharmacologic antiemetic techniques, is
required.114 Detailed information about PONV prophylaxis can be found in the recently
updated consensus guidelines for the management of PONV.114

Glycemic control
Perioperative hyperglycemia is associated with an increased risk of morbidity and
mortality. Preoperative hemoglobin A1c levels (>6.0%) can identify patients at risk of
perioperative hyperglycemia and can predict postoperative complications even in
nondiabetic patients.115 Reduced preoperative fasting times, preoperative oral
CHO, use of epidural anesthesia, and adequate analgesia facilitate glucose control
by reducing insulin resistance. Although the optimal glucose level remains to be deter-
mined, it is recommended to maintain random blood sugar lower than 10 mmol/L.52,94

POSTOPERATIVE ANALGESIA

Postoperative pain after colorectal surgery is complex in nature (Fig. 2). A multimodal
analgesic approach including opioid and nonopioid analgesics, in combination with
regional analgesia techniques when indicated, is advised to provide optimal analgesia
and reduce opioid side effects, aiming at facilitating early feeding and postoperative



Fig. 2. Complexity of pain in colorectal surgery. The analgesic efficacy of some analgesic
medications (?) remains to be proven in colorectal patients. -, inhibitory effect; CR, colo-
rectal surgery; IV, intravenous; LA, local anesthetic; NMDA, N-Methyl-D-aspartate receptor;
NSAIDs, nonsteroidal anti-inflammatory drugs.
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mobilization. The role of preemptive analgesic strategies, such as preoperative admin-
istration of acetaminophen, cyclooxygenase-2 (COX-2) inhibitors, NMDA antagonists,
and/or gabapentinoids, remains unclear, especially in the context of an ERAS program
for colorectal surgery.116 Epidural analgesia remains the only preemptive analgesic
technique that consistently reduces postoperative pain, analgesic consumption,
and time to rescue analgesia.116 Perioperative opioids are still necessary, but should
be used as rescue analgesia if other methods fail. An opioid-free multimodal analgesic
strategy would be appealing, but more studies are warranted to establish its feasibility,
efficacy, and safety. Establishing the impact of analgesia techniques on surgical out-
comes remains challenging, as surgical recovery depends on many perioperative fac-
tors including patient comorbidities, type of surgery, type of perioperative care (ERAS
versus traditional care), and the occurrence of postoperative complications. Common
analgesic techniques used in colorectal surgery and their application in the ERAS
setting are summarized in Table 4. Indications and contraindications are discussed
in this issue in one of the article “Optimal analgesia during major open and laparo-
scopic abdominal surgery” by Fawcett and Baldini.

Analgesia for Open Colorectal Surgery

TEA with local anesthetic and small doses of lipophilic opioids remains the gold
standard for postoperative pain after open colorectal surgery. Adding epinephrine
(1.5–2.0 mg/mL) to an epidural mixture of local anesthetic improves postoperative
analgesia, especially during mobilization and coughing, and reduces pruritus.117



Table 4
Common analgesic techniques used in colorectal surgery

Analgesia Technique and Dose
Comments and Potential
Complications

Thoracic epidural
analgesia (TEA)

T8–T9 for R and L hemicolectomy
T10–T12 for sigmoid-rectal

surgerya

Intraoperative:
5 mL bupivacaine 0.25%–0.5%

intermittent boluses or
5 mL/h continuous infusion

Postoperative (CEI or PCEA):
bupivacaine 0.05%–0.125% or

ropivacaine 0.2%, with
fentanyl 2–3 mg/mL or

hydromorphone 5–7.5 mg/mL

Arterial hypotension
Bladder dysfunction
Lower limb weakness
Consider adding epidural

epinephrine (2 mg/mL) if
epidural block is patchy or
weak

Spinal analgesia 10 mg 0.5% isobaric bupivacaine
or

15 mg 0.5% hyperbaric
bupivacaine

Intrathecal morphine:
<70 y 200–250 mg
>70 y 150 mg

Arterial hypotension
Pruritus
Bladder dysfunction
Respiratory depression

Intravenous lidocaine Intraoperative and in PACU
1.5 mg/kg bolus or within

30 min before induction of
anesthesia followed by

2 mg/kg/h until the end of
surgery. Infusion can be
extended in PACU

Local anesthetic toxicity
Intravenous lidocaine

infusion requires
continuous cardiovascular
monitoring

Continuous wound
infusion of local
anesthetic

In most of the studies a multihole
catheter is positioned along
the surgical incision between
the peritoneum and the fascia
(preperitoneal)
Ropivacaine 0.2% 8–10 mL in

the wound followed by
Ropivacaine 0.2% 5–8 mL/h for

48 h

Local anesthetic toxicity
The ideal anatomic location

where multihole catheters
are to be placed has not yet
been clearly determined

TAP block
US-guided or surgically

performed
Subcostal approach

(upper abdominal
surgery)

Lateral approach
(lower abdominal)

Posterior approach
(lower abdomen)

Unilateral or bilateral
Single shot

15–20 mL of 0.25%–0.375%
bupivacaine or
levobupivacaine

Intermittent boluses through
multihole catheters
15–20 mL of local anesthetic

every 6 h per site
Continuous infusion through

multihole catheters
6–8 mL/h of 0.25% bupivacaine

or 0.2% ropivacaine

Few complications have been
reported, especially when
the TAP block is performed
under direct US guidance;
these include intrahepatic
and intraperitoneal
injections. Local anesthetic
toxicity should be also
considered, especially
when multiples or
continuous TAP blocks are
performed

Pain: reduced static pain
score and opioid
consumption
(continued on next page)
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Table 4
(continued)

Analgesia Technique and Dose
Comments and Potential
Complications

Reduction of opioid side
effects: inconclusive
evidence

Duration of the analgesic
effect is limited (�24 h)

The analgesic effect is
volume and dose
dependent

Dermatomal spread is limited
(1.5 dermatomes)

Preoperative TAP block
provides better analgesia
than postoperative TAP
block

Single-shot posterior TAP
block or continuous TAP
block has been used to
prolong analgesia (>24 h)

Rectus sheath block
US-guided

Bilateral
Single shot

15–20 mL of 0.25%–0.375%
bupivacaine or
levobupivacaine

Intermittent boluses through a
multihole catheter
15–20mL of 0.25% bupivacaine

or levobupivacaine per site

Provide analgesia for the
whole midline of the
abdomen

Shorter analgesic effect then
TAP block

Liposomal bupivacaine 266 mg in 40 mL 0.9% normal
saline

Use in the context of MMA
phase IV studies. Limited
evidence

Abbreviations: CEI, continuous epidural analgesia; MMA, multimodal analgesia; PACU, postanes-
thesia care unit; PCEA, patient-controlled epidural analgesia; TAP, transversus abdominis plane
block; TEA, thoracic epidural analgesia; US, ultrasound.

a Supplementary analgesia is needed in patients undergoing abdominal perianal resection, in
whom perianal pain (S1–S3 dermatomes) is not covered by TEA.
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Supplementary analgesia is required in patients undergoing abdominal perianal resec-
tion, in whom perianal pain (S1–S3 dermatomes) is not controlled by TEA. Evidence
supporting the use of epidural clonidine is inconclusive, and the risk of arterial hypo-
tension and sedation is increased.118 It remains unclear as to whether TEA improves
postoperative surgical outcomes, especially in the context of an ERAS program.
Compared with parenteral opioids, epidural infusion of low-dose local anesthetic
and short-acting opioids has been shown to provide better postoperative static and
dynamic analgesia for the first 72 hours,119 accelerate the recovery of gastrointestinal
function,120 reduce insulin resistance,121 and impact positively on cardiovascular and
respiratory complications.67,122 However, arterial hypotension, urinary retention, pru-
ritus, and lower limb weakness are common side effects.123 Arterial hypotension
induced by TEA reduces splanchnic circulation,124 and it does not respond to intrave-
nous fluid administration.101 Nevertheless, improvement of mean arterial pressure
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with small doses of vasopressors restores splanchnic perfusion101 and does not
impair colonic oxygen delivery.102 Orthostatic hypotension associated with postoper-
ative epidural analgesia does not impair the ability to ambulate.125 When TEA anal-
gesia is contraindicated, intraoperative and postoperative intravenous lidocaine
infusion or spinal analgesia with intrathecal morphine can be used. Although systemic
local anesthetic toxicity is rare, postoperative intravenous lidocaine infusion requires
continuous cardiovascular monitoring. Abdominal trunk blocks, such as transversus
abdominis plane (TAP) block126,127 and rectus sheath block, or continuous wound
infusion of local anesthetic,128,129 can be performed at the end of surgery with the pur-
pose of improving postoperative pain, reducing opioid side effects, and hastening re-
covery (see Fig. 1, Table 4).

Analgesia for Laparoscopic Colorectal Surgery

The use of TEA for patients undergoing laparoscopic colorectal surgery remains
controversial. If the only purpose of using TEA is to control postoperative pain, its
use seems unnecessary or sometimes disadvantageous,130 especially in a context
of an ERAS program.131,132 Although pain scores can be statistically lower in the first
24 hours after surgery, patients not receiving TEA still report adequate analgesia (nutri-
tional risk score <4).133 The use of TEA remains valuable in patients at high risk of post-
operative respiratory complications,122 in those with high probability of conversion to
laparotomy, and in patients with an 8- to 10-cm Pfannenstiel-like incision after laparo-
scopic rectal surgery, especially in the first 24 hours.134 TEA seems to facilitate the re-
covery of bowel function, even after laparoscopic procedures,135 when compared
with patients receiving systemic opioids and without an ERAS program. However,
faster recovery of bowel function does not necessarily translate into faster surgical re-
covery, as colorectal patients treated with TEA in the context of an ERAS program
have a longer hospital stay71 andmedical recovery132 than those receiving spinal anal-
gesia or systemic opioids. Alternative and safer analgesic techniques have been
shown to provide similar analgesia without delaying discharge. These approaches
include intrathecal morphine with local anesthetic,71 intravenous lidocaine,60 the use
of ultrasound-guided abdominal trunk blocks,136 and intraperitoneal local anes-
thetic.133,137 TAP block under direct laparoscopic vision has also been successfully
used.138–140 Continuous would infusion of local anesthetic has been successfully
used in one feasibility study (see Fig. 1, Table 4).141

Coanalgesia

Nonsteroidal anti-inflammatory drugs (NSAIDs), including COX-2 inhibitors and
acetaminophen (orally, per rectum, and intravenously) are commonly used as part
of multimodal analgesic regimens as opioid-sparing strategies. Intravenous prepara-
tions are particularly valuable in the perioperative period, as oral and rectal bioavail-
ability is unpredictable after gastrointestinal surgery. Furthermore, suppositories are
not usually administered in patients with rectal anastomosis. Recent concerns have
been raised about the risk of anastomotic leakage and the use of NSAIDs or COX-2
inhibitors after colorectal surgeries based on experimental, retrospective, observa-
tional, and case-series studies.142 This effects seems to be class specific (the risk
of anastomotic leakage is higher with NSAIDs than COX-2 inhibitors),143 molecule
specific (diclofenac is associated with the highest risk)142 and time dependent.143

Large RCTs are needed to confirm these results. Although not statistically significant,
a trend toward higher risk of developing anastomotic leakage after bowel surgery was
reported in a recent meta-analysis of 6 RCTs (480 patients) of patients receiving at
least 1 dose of NSAIDs or COX-2 inhibitors within 48 hours of surgery (Peto odds ratio
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2.16; 95% confidence interval 0.85–5.53).144 Caution should be used in patients at
high risk of anastomotic leakage. a2-Agonists, glucocorticoids, gabapentinoids, and
ketamine have been poorly studied in colorectal patients, and their use in other types
of surgery has shown conflicting results. Wound infiltration with long-acting multive-
sicular liposome formulation of bupivacaine as part of multimodal analgesic regimens
has also shown promising results.145,146

SPECIAL CONSIDERATIONS FOR PATIENTS UNDERGOING ONCOLOGIC COLORECTAL
SURGERY

Most patients undergo colorectal surgery because of precancer or cancer lesions. In
the last years, many in vitro and in vivo experimental studies and retrospective human
studies have attempted to establish the impact of many perioperative factors on onco-
logic outcomes. Associations have been reported but causation has never been
proved. Nutritional status and factual capacity of colorectal patients are negatively
affected by neoadjuvant chemotherapy and cancer cachexia. In this context, prehabi-
litationmight positively affect surgical recovery.34 Side effects and complications asso-
ciated with specific chemotherapy agents must be considered. Opioids have been
shown to have an immunosuppressive effect, mainly suppressing natural killer cell ac-
tivity, but the effect on cancer recurrence and metastasis remains unknown. NSAIDs
might have a direct and indirect anticancer effect.147 Intravenous lidocaine has also
shown an antitumor effect at plasma concentrations observed in clinical practice.148

By contrast, in a small sample of patients, dexamethasone has been recently associ-
ated with cancer recurrence after elective colectomy.149 Minimizing opioid consump-
tion, and favoring regional anesthesia techniques and nonopioid analgesics might be
even more valuable in patients with cancer. Allogeneic blood transfusions have also
been associatedwithworse oncologic outcomes.150 At present, there is insufficient ev-
idence to justify changing anesthesia and analgesia practice or perioperative care in
the prevention of cancer recurrence or metastasis in patients with colorectal cancer.

SPECIAL CONSIDERATIONS FOR PATIENTS UNDERGOING EMERGENCY COLORECTAL
SURGERY

Indications for emergency colorectal surgery include colon perforation, bowel
obstruction, bowel ischemia, bleeding, and anastomotic leakage. Early optimization
of hemodynamics to ensure optimal oxygen delivery and early antibiotic therapy
when indicated are key elements, especially before the induction of anesthesia. Dehy-
dration, hypovolemia, and electrolyte derangements are commonly observed in pa-
tients with bowel obstruction. Septic patients with peritonitis secondary to bowel
perforation, intra-abdominal abscess, or anastomotic leakage should be treated ac-
cording to international guidelines.151 In these patients, advanced hemodynamic
monitoring to guide fluid therapy is recommended,96 and administration of inotrope
and vasopressors might be required. For these reasons, the insertion of arterial and
central lines before the induction of anesthesia is advised. Aspiration through naso-
gastric tubes (when already inserted), preoxygenation, and rapid sequence induction
of anesthesia with cricoid pressure is required because of the high risk of pulmonary
aspiration. If not carefully titrated, administration of induction agents can catastroph-
ically induce hypotension, especially in septic patients with an already reduced
vascular tone and increased vascular permeability. Assessment of fluid responsive-
ness is critical, as unnecessary administration of crystalloids to treat hemodynamically
unstable patients causes interstitial edema and increases morbidity. Colloids should
be avoided in septic patients.108 Markers of systemic organ hypoperfusion such as



Table 5
ERAS elements under direct control of the anesthesiologist: key points

ERAS Elements
Under Direct Control
of Anesthesiologist Key Points

Patient education Preoperative patient education is an essential component of any ERAS
program

It is important to specify the active role the patient is expected to play
in the perioperative period

Written or visual information at an appropriate literacy level,
specifying daily goals for nutritional intake and postoperative
ambulation, discharge criteria, and expected hospital stay should be
provided

Preoperative
evaluation, risk
stratification, and
optimization

Optimize preoperative conditions associated with poor outcomes
include patient comorbidities, nutritional status, anemia, and
functional capacity

Intense smoking cessation interventions including NRT and individual
counseling for at least 3–4 wk before surgery to reduce postoperative
complications

More studies evaluating the role of optimizing preoperative conditions
to a point to delay surgery in patients undergoing oncologic
colorectal surgery are warranted

Preoperative fasting
and preoperative
oral carbohydrate
(CHO) drinks

There is no scientific evidence to support policy of routine NPO after
midnight

Fasting from midnight increases insulin resistance and depletes
glycogen reserves. These effects are magnified by the stress response
induced by surgery

Current preoperative fasting guidelines for adult patients undergoing
elective surgery recommend a 2-h fast for liquids and a 6-h fast for
solids

Preoperative oral CHO drinks are safe, reduce insulin resistance, and
improve patients’ well-being

Antibiotic
prophylaxis

Antibiotic prophylaxis for patients undergoing colorectal surgery must
cover aerobic and anaerobic flora, according to international
guidelines

Antibiotic prophylaxis should be completed within 1 h before surgical
incision. Intraoperative dosing depends on the half-life of the
antibiotic used and on the surgical blood loss. It should not last more
than 24 h

Premedication Patients should not routinely receive anxiolytic agents
The use of short-acting anxiolytic agents is advised to facilitate invasive

procedures uncomfortable for patients (epidural, arterial lines, etc)
Benzodiazepine should be avoided in patients older than 65 y

Anesthetic agents
and cerebral
monitoring

The use of short-acting inhalation or intravenous agents is advised
TIVA with propofol should be considered in patients at high risk of

PONV
Avoid N2O
Monitoring depth of anesthesia reduces anesthetic requirement,

minimizes anesthetic hemodynamic effects, and can be particularly
useful in elderly patients to facilitate recovery

Attenuation of
surgical and
inflammatory
stress

Attenuation of surgical stress is a key element in enhancing recovery
The use of regional anesthesia techniques, glucocorticoids, intravenous

lidocaine, and prevention of hypothermia has been shown to
attenuate the stress response associated with surgery

(continued on next page)
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Table 5
(continued)

ERAS Elements
Under Direct Control
of Anesthesiologist Key Points

Intraoperative
analgesia

Regional anesthesia techniques, including TEA and spinal anesthesia,
reduces anesthetic and systemic opioid requirements

The analgesic and anti-inflammatory properties of intravenous
lidocaine has been shown to reduce anesthetic and opioid
consumption, reduce opioid side effects, and hasten recovery

Ketamine, a2-agonists, and other analgesic adjuvants have shown
opioid-sparing properties, but their role in colorectal patients and in
the context of an ERAS program has not been studied

Intraoperative
ventilation

Intraoperative lung-protective ventilation with low tidal volumes
(VT 5 6–8 mL/kg, IBW), adequate PEEP (6–10 cmH2O), and lung
recruitment maneuvers is beneficial (reduced inflammation and
better outcomes) even in patients with uninjured lungs undergoing
abdominal surgery

Intraoperative oxygen therapy (FiO2) should be titrated to the most
favorable concentration that ensures optimal tissue oxygenation
based on the evaluation of oxygen saturation, arterial partial oxygen
pressure (PaO2/FiO2 ratio), and serum lactates

The use of intraoperative high-inspired oxygen fraction (FiO2 5 0.8) to
prevent surgical-site infections has shown conflicting results.
However, patients undergoing colorectal surgery might particularly
benefit from this intervention

Myorelaxation Short- or intermediate-acting muscle relaxants are recommended
Adequate muscle relaxation is essential to guarantee optimal surgical
conditions, especially during laparoscopic colorectal surgery

Neuromuscular blockade must be monitored (TOF, double-burst, or
tetanic stimulation pattern) throughout the intraoperative period.
Quantitative assessment (acceleromyography) of neuromuscular
function is more reliable than qualitative assessment (visual or
tactile) in identifying patients with residual paralysis

Prevention of
hypothermia

Core temperature must be monitored and hypothermia (core
temperature <36�C) avoided

Intraoperative
hemodynamic
management

In colorectal patients treated within an ERAS program, minimization of
preoperative fasting, avoidance of MBP, a more rational and
evidence-based intravenous fluid administration, and early
resumption of oral intake have significantly reduced the amount of
perioperative intravenous fluids needed

GDT seems beneficial in high-risk patients and in patients undergoing
surgery with extensive blood loss (>7 mL/kg)

Iso-oncotic crystalloid solutions should be used and 0.9% saline
solutions avoided

Colloid should be avoided in patents with preexisting renal diseases
and in septic patients

Anemia thresholds triggering blood transfusions cannot be currently
recommended, as hemoglobin levels resulting in tissue hypoxia are
patient-specific

The decision to transfuse blood should be made on an individual basis,
depending on the clinical context, serum lactate levels, central
oxygen venous saturation, and patient comorbidities

PONV prophylaxis PONV prophylaxis is an essential to facilitate early feeding
Patients at high risk of PONV can be identified
PONV prophylaxis guidelines must be followed

(continued on next page)
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Table 5
(continued)

ERAS Elements
Under Direct Control
of Anesthesiologist Key Points

Glycemic control Hyperglycemia is associated with worse outcomes
Preoperative hemoglobin A1c >6.0% can predict hyperglycemia and

postoperative complications even in nondiabetic patients
Maintain glycemia <10 mmol/L

Postoperative
analgesia

The choice of the analgesia depends on the surgical approach
(laparotomy or laparoscopy), the site of the surgical incision (midline,
transverse, semicurve, or Pfannenstiel-like incision), the type of
surgery (colon or rectum), and patient comorbidities

TEA remains the goal standard for postoperative pain control for
patients undergoing open colorectal surgery. However, TEA increases
the risk of arterial hypotension

Spinal analgesia with intrathecal morphine, abdominal trunk blocks,
intravenous lidocaine, continuous wound infiltration of local
anesthetic, and wound infiltration with liposome bupivacaine are
valuable analgesic techniques, especially for laparoscopic colorectal
surgery

A multimodal analgesic approach is recommended with the aim of
providing optimal analgesia and reducing opioid consumption and
side effects, with the ultimate goal of facilitating early feeding and
early postoperative mobilization

Abbreviations: GDT, goal-directed therapy; IBW, ideal body weight; MBP, mechanical bowel prep-
aration; NPO, nothing by mouth; NRT, nicotine replacement therapy; PEEP, positive end-expiratory
pressure; PONV, postoperative nausea and vomiting; TEA, thoracic epidural analgesia; TIVA, total
intravenous anesthesia; TOF, train-of-four.

Baldini & Fawcett114
serum lactate, base excess, and low oxygen venous saturation might help to guide
fluid therapy, but alternative explanations other than hypoperfusion should be also
considered, especially in anemic patients, septic patients, and patients receiving cat-
echolamines.152 Titrating anesthetic depth based on cerebral monitoring helps to
minimize the hemodynamic effects of the anesthetic agents. Regional anesthesia
techniques are frequently contraindicated because of coagulopathy and infections.
Postoperative monitoring in high-dependency units or intensive care units may be
required. Early-warning scoring systems can help to identify patients who require
advanced postoperative care.153

Key points summarizing each ERAS element for patients undergoing elective colo-
rectal are listed in Table 5.
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KEY POINTS

� Reduced mortality after hepatobiliary surgery is related to improved patient selection,
introduction of preoperative embolization techniques, improved intraoperative surgical
techniques/equipment, and reduced operative blood loss.

� Alternative therapies (eg, radiofrequency ablation) are being introduced in patients who
are unable to tolerate extensive hepatic resections.

� Lowering the central venous pressure during hepatic resection reduces blood loss but
must be optimized to avoid hypovolemia and excessive use of vasoconstrictor
medication.

� Intrathecal opiates may provide an alternative postoperative pain control regimen to
epidural analgesia, especially where there is abnormal coagulation.
INTRODUCTION

Hepatobiliary (HPB) surgery, variably defined to include pancreatic surgery, and liver
and pancreas transplantation, has become a major surgical specialty with explicit
training opportunities, mainly as a response to poor surgical outcomes in the early
1970s. The subsequent improvement in HPB surgical outcomes (now usually <5%
mortality) has been associated with:

1. The concentration of HPB surgery to large volume centers
2. Better preoperative treatment, including radiologic venous embolization and che-

moradiotherapy regimes
3. Introduction of newer surgical techniques and equipment to minimize blood loss

(eg, Cavitron ultrasonic aspirator [CUSA] or harmonic scalpel to dissect the liver
parenchyma).
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Alongside these surgical advances, it is recognized that advanced anesthetic man-
agement of the HPB surgery patient has significantly contributed to improved out-
comes. These advances have come predominantly through more appropriate
preoperative patient selection, intraoperative techniques to prevent and manage
blood loss, and postoperative enhanced recovery protocols with improved analgesic
regimens.
The present article relates primarily to the management of patients undergoing

hepatic resection. In this context, we address anesthetic and surgical consider-
ations, including patient selection, alternative surgical management options, the
reduction of operative blood loss, introduction of the components of postoperative
enhanced recovery, and considerations related to postoperative liver dysfunction
and failure.
HEPATIC RESECTION
Outcomes of Hepatic Resection

Hepatic resection is performed for a number of underlying pathologies, including
benign or malignant primary tumors, secondary metastases (predominantly colo-
rectal), and liver trauma. Surgical criteria for patient selection are important.1 If hepatic
malignancy is involved, operative resection is established as the only currently avail-
able modality of treatment with curative potential.
Patients with untreated but potentially resectable hepatic malignancy have been re-

ported to have a median survival time of less than 6 months,2 with virtually no 5-year
survival. Surgical treatment for hepatocellular carcinoma prolongs 10-year survival to
15%.3 Five-year survival after hepatic resection for metastases is 33%,4 compared
with 11% in those not undergoing operative resection. The aim of hepatic resection
is to effect clear tumor margins, while ensuring adequate remaining residual liver to
prevent postoperative hepatic insufficiency. The relevance of a clear resection margin
is reflected in survival. For patients with tumor-free margins greater than 1 cm, a
5-year disease-free survival rate of 35% can be expected. Survival rates are 21%
for patients for whom tumor margins are less than 1 cm, and no 5-year survivors
can be expected when the margins are involved by tumor.5

Hepatic Regeneration

Residual liver volume after surgery is important to postoperative hepatic dysfunction.6

The volume of liver that can be safely resected in humans is approximately 80%,7

assuming good function in the remaining liver, although there are early reports of sur-
vival after resections of 90%.8 The potential for these massive resections (or extensive
ablations) relies on postoperative hepatic regeneration, which has a complex mecha-
nism.9 Under normal circumstances, the human liver initiates regeneration within
3 days and has reached its original size by 6 months,10 although some studies have
shown full restoration at 3 months. Rapid regeneration may allow complete functional
recovery within 2 to 3 weeks.11

Preoperative Portal Vein Embolization

If there is a predicted risk of liver failure developing after a procedure, through need to
remove large liver components, then the preemptive maneuvers of portal embolization
of affected segments, some weeks before resection can stimulate regeneration in the
proposed liver remnant, thereby enhancing postoperative liver function.12–14 An in-
crease of 40% to 60% in the size of the nonembolized liver can be anticipated in
noncirrhotic livers.15,16 Similarly, chemoembolization can be used in potentially
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unresectable hepatocellular carcinoma to reduce tumor mass and increase residual
function to an extent that may permit definitive resection.

Alternatives/Adjuncts to Hepatic Resection

Because only approximately 10% to 20% of patients presenting with hepatic malig-
nancy are suitable for resection, other types of less invasive HPB surgical techniques
are used, with good success rates,17 to achieve reduction of tumor mass and symp-
tomatic control. Radiofrequency ablation,17,18 cryoablation,19,20 and the recently
applied selective internal radiation therapy techniques21,22 can be performed percuta-
neously, laparoscopically, or during open laparotomy. The percutaneous approach is
usually indicated for palliation,23 whereas laparoscopic ablation is selected for
smaller, superficially located, or easily accessible tumors with intraoperative ultra-
sound guidance. Open surgical ablation is indicated for larger or deeply located ma-
lignancy and may be combined with hepatic resection where multiple tumors are
present. Ablation probes inserted into the tumor center aim to locally destroy tumor
mass through heat (100�C–110�C) or by cooling (with liquid nitrogen). Potential com-
plications of these techniques include hemorrhage (including hepatic capsular
rupture), biliary leak, and thrombocytopenia and myoglobinuria, which have been
reported in more extensive procedures.

PREOPERATIVE CONSIDERATIONS

Perioperative management of HPB patients depends a complete understanding of the
potential benefits, limitations, and perioperative risks of major surgical procedures, in
the context of either coexisting disease states and/or preexisting liver disease.

Hepatic Resection in Patients Without Comorbidity

A significant component of metastatic (especially colorectal secondaries) HPB surgery
is undertaken in otherwise fit patients. In these situations, prolonged preoperative
assessment of anesthetic fitness is not required, even for extensive resections and
where malignant disease is present, because this will lead to unacceptable delays
in treatment. Surgery after preoperative neoadjuvant chemotherapy for colorectal me-
tastases is often delayed by up to 4 weeks to allow for patient recovery and to reduce
postoperative and surgical complications. However, there is no benefit in delaying sur-
gery for longer than 4 weeks.24

Hepatic Resection, Age, and Comorbid Disease

Improvements in anesthetic and surgical techniques, which have been successful in
improving outcomes, are already translating into more extensive HPB surgery being
undertaken in older individuals with more comorbid diseases.25,26 Advancing chrono-
logic age should not be viewed as a surgical barrier and there are multiple series sug-
gesting that resections for hepatocellular carcinoma and colorectal metastases can be
performed safely in these patients.25,27 Recent evidence suggests that cardiorespira-
tory fitness may have a more important influence on perioperative outcomes in HPB
surgery than chronologic age per se.28 Nevertheless, advancing age reduces liver
size and blood flow, decreases drug metabolism (phase I), and increases the inci-
dence of alcohol-induced cirrhosis through environmental exposure.29 Prolonged
exposure to environmental factors also leads to the development of covert forms of
liver disease, reducing hepatic reserve and increasing susceptibility to hepatic
ischemia–reperfusion injury during resection.29 Importantly, steatohepatitis consti-
tutes the third commonest liver disease in the United States and has been estimated
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to be present in 20% of the US population. The etiology may be secondary to alcohol
intake or related primarily to diabetes and/or obesity in the form of nonalcoholic stea-
tohepatitis. Even so, there may be a paradoxic protective benefit of steatohepatitis af-
ter liver resection for colorectal metastases.30

Hepatic Resection and Preexisting Liver Disease

Where preexisting liver disease is present, increased perioperative risk depends on
the nature and severity of the disease and the extent of hepatic dysfunction. This con-
dition requires more specific assessment. Cirrhotics have an increased incidence of
surgical intervention for multiple reasons, including variceal bleeding and increased
hepatoma formation. Patients with cirrhosis have insufficient hepatocyte function to
meet the increased metabolic demands after partial hepatectomy,31 and have signif-
icantly reduced levels of hepatic regeneration after liver resection, making them
extremely vulnerable to posthepatectomy liver failure. Although chronic liver disease
is not an absolute contraindication to resection, morbidity and mortality increases
dramatically with worsening hepatic dysfunction. One severity scoring system is the
Child–Pugh score (Table 1), which was originally used to assess chronic liver disease
prognosis but has since been used for major surgery outcome. Child–Pugh class B or
C (scores of 7–9 and 10–15, respectively) may exclude a patient from major resection.
However, Child–Pugh class A (score of 5–6) patients should be considered for surgery
and in these patients there is significant incentive toward optimizing preoperative
medical care to improve the postoperative prognosis. However, in terms of risk pre-
diction for hepatic surgery, none of the preexisting systems relating liver disease
severity to perioperative outcome is ideal. The Child–Pugh scoring system has
demonstrated an association with perioperative risk in patients undergoing esopha-
geal transaction, nonshunt surgery, and abdominal surgery. The Model for End-
Stage Liver Disease score may be important where there is existing cirrhosis32 and
hepatocellular carcinoma,33 but should not be used in the context of elective hepatic
resection with normal liver function.34 Patients with cholangitis may also be at high risk
of postoperative complications.35 One risk prediction model suggests that renal
impairment, bleeding, ascites, American Society of Anesthesiologists grade, histolog-
ic diagnosis of cirrhosis, and intraoperative hypotension are the most important peri-
operative factors related to postoperative outcome.36 However, because newer
operative procedures have evolved and the benefits of improved diagnostic facilities,
including biochemical parameters, are absent from these predictive scoring systems,
the applicability of these systems to newer HPB surgery risk prediction is uncertain.
Table 1
Child-Pugh scoring system

Measure 1 Point 2 Points 3 Points

Total bilirubin mmol/L (mg/dL) <34 (<2) 34–50 (2–3) >50 (>3)

Serum albumin (g/dL) >3.5 2.8–3.5 <2.8

PT/INR: http://en.wikipedia.org/wiki/
Prothrombin_time - International_
normalized_ratio

<1.7 1.71–2.30 >2.30

Ascites None Mild Moderate to
severe

Hepatic encephalopathy None Grade I-II (or
suppressed with
medication)

Grade III-IV
(or refractory)

http://en.wikipedia.org/wiki/Prothrombin_time%20-%20International_normalized_ratio
http://en.wikipedia.org/wiki/Prothrombin_time%20-%20International_normalized_ratio
http://en.wikipedia.org/wiki/Prothrombin_time%20-%20International_normalized_ratio
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Clinically, the relevance of each preoperative severity marker to an individual’s po-
tential risk may be more practical. Nutritional status and albumin are important factors
common to the postoperative recovery of all surgical patients and are not discussed
further herein. More specific markers of liver disease severity include jaundice, coagul-
opathy, ascites, and encephalopathy.

Jaundice
The importance of preoperative jaundice is owing to its prominent association with
perioperative renal impairment.37–39 The mean incidence of postoperative renal
impairment in surgical patients with jaundice is 8%, but may be as high 18%.Whereas
the overall postoperative mortality rate in surgical patients with jaundice ranges from
0% to 27%, the mortality for jaundiced patients who go on to develop acute renal fail-
ure is estimated at 65%. Thus, development of postoperative renal failure is a poor
prognostic sign. The etiology of postoperative renal failure in the setting of liver dis-
ease is multifactorial and includes central volume depletion, defective renal vascular
reactivity, vasoactive mediator imbalance (in which local prostaglandins play a prom-
inent role), and the effect of endotoxin. This makes the renal vasculature susceptible to
renotoxic drugs such as nonsteroidal anti-inflammatory drugs and contrast media.
Preoperative measures to prevent the onset of renal impairment have included
adequate preoperative hydration, mannitol infusion, bile salts, and lactulose. How-
ever, none have demonstrated consistent benefit in adequate clinical trials. Preoper-
ative percutaneous or endoscopic biliary drainage before major HPB surgery does not
improve perioperative outcome consistently and may increase the incidence of chol-
angitis, known to be a poor prognostic factor for outcome. However, preoperative
biliary drainage followed by portal vein embolization has been advocated as a bene-
ficial strategy for major hepatectomy in perihilar cholangiocarcinoma.40 Prolonged pe-
riods of preoperative drainage may allow for the resolution of jaundice, but does not
lead to improved perioperative outcome. Therefore, biliary drainage should be limited
to 2 weeks before surgery.41

Coagulopathy
Correction of coagulation before liver resection is essential where central neuraxial
blockade is being considered. Vitamin K, fresh frozen plasma, or cryoprecipitate
may be required to correct liver-related coagulopathy preoperatively. Reduction in
platelet counts in these patients is common, but abnormalities in platelet function
are often more relevant. Therefore, the preoperative administration of platelets is bet-
ter guided by laboratory testing (eg, thromboelastogram) results than by clinical
judgment.

Ascites
The development of ascites is a poor prognostic sign in cirrhosis and may
adversely influence perioperative respiratory mechanics. Furthermore, ascites, sec-
ondary to splanchnic arteriolar vasodilatation, develops at the expense of circu-
lating intravascular fluid. In conjunction with medical therapy, including diuresis
and paracentesis, there is a real risk of significant intravascular hypovolemia. At-
tempts should be made to correct this state preoperatively and it is important to
recognize that perioperative fluid limitation does not prevent the development of
postoperative ascites.

Encephalopathy
Subclinical hepatic encephalopathy is present in 30% to 70% of cirrhotics and can be
detected by subtle psychometric testing. Elective hepatic surgery should be deferred
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until the cause of preoperative encephalopathy is ascertained and effective treatment
is provided. Preoperative lactulose may prevent encephalopathy from worsening, but
treatment of the cause, for example, infection or hemorrhage, is more important. This
is particularly relevant wherever postoperative encephalopathy develops de novo,
because it is often difficult to distinguish between encephalopathy and drug intoxica-
tion. Drug-induced intoxication has a much better prognosis than spontaneous
encephalopathy.

INTRAOPERATIVE CONSIDERATIONS

Excessive surgical blood loss is related to adverse short- and long-term postoperative
outcomes after liver resection.42 Because resting total hepatic blood flow represents
about 25% of cardiac output (1200–1400 mL/min;w100 mL/min/100 g), surgical tran-
section of liver parenchyma carries a high risk of blood loss. Reduction of blood loss is
therefore a major consideration during the intraoperative period. Advances in surgical
technique, equipment, and anesthetic measures have all been useful in reducing
blood loss and are detailed herein.

Surgical Vascular Occlusion

Hepatic vascular occlusion is used to reduce blood loss from the liver surface during
surgical dissection (Fig. 1).43,44 Although occlusion times of up to 60 minutes are
considered safe in noncirrhotic livers, postoperative hepatic insufficiency and enceph-
alopathy may occur with shorter durations.45,46 In cirrhotic livers, 30 minutes is consid-
ered safe and possibly up to 60 minutes in early disease.47

Pringle maneuver
Pringle48 first described a technique to prevent bleeding during hepatic trauma sur-
gery by clamping the hepatoduodenal ligament and interrupting blood flow in both
the hepatic artery and portal vein. The Pringle maneuver (PM) is generally well-
tolerated haemodynamically,49 even though it is associated with a 10% increase in
mean arterial pressure, a 40% increase in systemic vascular resistance, and a 10%
decrease in cardiac output. However, prolonged interruption of hepatic inflow
(>1 hour in normal liver and >30 minutes in pathologic livers)50 may cause ischemia/
reperfusion injury to the remaining liver. Recent evidence suggests that the PM should
be avoided in hepatectomy for malignancy owing to deleterious effects on tumor
recurrence.51
Fig. 1. Isolation of the portal triad before hepatic inflow occlusion. Yellow, bile duct; red 1,
right hepatic artery; red 2, left hepatic artery; blue, portal vein.
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Intermittent Pringle maneuver
An intermittent vascular occlusive technique (intermittent PM [IPM]) has been devel-
oped to reduce the risk of ischemia/reperfusion. This incorporates 15 to 20 minutes
of interrupted liver blood flow, followed by a 5-minute period of reperfusion and incor-
porates the mechanism of organ preconditioning.52,53 IPM reduces splanchnic
congestion and decreases hepatic ischemia/reperfusion injury. A randomized,
controlled trial concluded that a compromised liver better tolerates IPM than contin-
uous PM,52 but there is no significant benefit where normal parenchyma exists. How-
ever, disadvantages of IPM include increased blood loss from the transection surface
during the unclamped period and prolongation of the transection phase. A recent Eu-
ropean survey54 suggests that IPM is the method of choice for hepatic resection, with
a total ischemic time limited to 15 to 30 minutes.

Selective inflow occlusion
Selectively occluding the blood flow to the left or right hemiliver during resection may
further reduce theoretically the risk of hepatic ischemic/reperfusion injury seen with
IPM. However, meta-analysis has failed to show any significant improvement in
outcome when compared with either PM or IPM, except for resections on cirrhotic
livers.55,56 This technique also requires extensive hilar dissection, which can make
subsequent resection technically challenging.

Total vascular exclusion
Total vascular exclusion incorporates isolation of suprahepatic, subdiaphragmatic,
and infrahepatic vena cava combined with the PM. Total vascular exclusion reduces
bleeding, but carries with it significant per and postoperative morbidity (�50%) and
mortality up to 10%57,58 and there is no evidence for benefit over the PM.56 The tech-
nique is usually restricted to cases where the tumor arises near to or involves either the
retrohepatic vena cava or the confluence of hepatic veins and vena cava. Approxi-
mately 10% of patients will not tolerate the hemodynamic effects of vena caval occlu-
sion and may require venovenous bypass.

Surgical Equipment Development

Developments in HPB surgical equipment have also assisted in reducing perioperative
blood loss. The optimal device would aim to destroy liver parenchyma while achieving
hemostasis. Unfortunately, no current equipment achieves both these goals and so
combination equipment is used.59

Cavitron ultrasonic aspirator (CUSA) uses acoustic vibrational force, produced by
saline, to promote liver parenchymal disruption (Fig. 2).60,61 A newer device, the har-
monic scalpel,62,63 is a saline-linked radiofrequency sealer that delivers energy
through saline dripping from the tip, causing coagulation via necrosis on the transec-
tion surface. The large hepatic vessels are left intact by these techniques and exposed
vascular structures are separately ligated, stapled,64 or controlled with diathermy.
There is no definitive evidence for one technique, because clinical studies tend to
include small patient numbers. Control of residual bleeding of the resected liver sur-
face may be achieved by use of argon beam coagulation or the spray application of
fibrin glue.65,66

Anesthetic Technique

Intraoperative
Anesthetic techniques during hepatic resection aim to reduce the need for vascular
occlusion techniques by minimizing the potential for blood loss through optimum fluid



Fig. 2. Hepatic resection using combined Cavitron ultrasonic aspirator (CUSA) and
diathermy techniques.
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management and the avoidance of unnecessary blood transfusion through appro-
priate correction of coagulopathy.

Managing central venous pressure The reduction of hepatic venous congestion by
careful control of central venous pressure (CVP) during hepatic resection has long
been associated with a reduction in intraoperative blood loss.67–69 CVP control is
achieved by combining pharmacologic or epidural-based vasodilatation with the lim-
itation of intravenous fluid given before resection. Jones and colleagues68 found that
the volume of blood loss during liver resection correlated with CVP, regardless of us-
ing inflow occlusion. A CVP of 5 cm H2O or less resulted in a median blood loss of
200 mL and blood transfusions in only 5% of patients compared with a 1000-mL
blood loss and 48% blood transfusions in patients with a CVP greater than 5 cm
H2O (P 5 .0001 and P 5 .0008, respectively). However, this study was performed
in an era where advanced surgical dissection equipment was not available. A more
recent Cochrane review70 evidenced that a lower CVP reduced blood loss in compar-
ison to control (mean difference, 419.35 mL; 95% CI, –575.06 to –263.63), but there
was no difference in red blood cell transfusion requirements (standardized mean dif-
ference, –0.31; 95% CI, –0.65 to 0.03), intraoperative morbidity, or long-term survival
benefits.14 The avoidance of positive end-expiratory pressure (PEEP) has also been a
mainstay of liver surgery since an increase in PEEP may increase CVP. However, a
recent study71 has shown that increasing PEEP from 5 to 10 cm H20, increased he-
patic and portal venous pressure by only 1 mmHg. The requirement to reduce post-
operative pulmonary complications after major upper abdominal surgery, means that
further studies are required to define the effect of PEEP on surgical outcome.

Problems associated with reduced central venous pressure during hepatic
resection Maintaining a low CVP may lead to cardiovascular instability, the potential
for intraoperative hypovolemia, and susceptibility to reduce renal and hepatosplanch-
nic blood flow. Where there is ongoing blood loss, the risks of lowering the CVP and
maintaining a controlled but potentially hypovolemic state must be weighed against
the benefits for minimizing blood loss. More recently, the use of stroke volume varia-
tion methods has been suggested as an appropriate replacement for CVP moni-
toring.72 However, more appropriately, the two measurements may be used in a
synergistic combination to ensure reduced venous pressure (CVP), while maintaining
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normovolemia (stroke volume variation). Wherever low CVP practices are used in an
attempt to reduce blood loss, there may be the requirement for supplementary vaso-
constrictors (eg, phenyl ephedrine, vasopressin, or norepinephrine) to maintain sys-
temic blood pressure for perfusion of other organs. However, vasoconstrictors may
lead to splanchnic vasoconstriction and secondary hepatic ischemia. Nevertheless,
in most reported series where a low CVP technique has been used, with or without
the judicious use of vasoconstriction, there does not seem to be an increased inci-
dence of organ (especially renal) failure. Another possible complication of low CVP
techniques is air embolus.73 Diligence in monitoring sudden changes in end-tidal
CO2 and in cauterizing open hepatic vessels is vital.

Management of coagulation The coagulopathy associated with liver disease can
contribute significantly to the potential for perioperative bleeding. The liver is the
site of production of all coagulation factors (excluding von Willebrand factor) and
many coagulation inhibitors, fibrinolytic proteins, and their inhibitors. The liver is
also responsible for the breakdown of many of the activated factors of coagulation
and fibrinolysis. In addition, platelet abnormalities and thrombocytopenia secondary
to cirrhosis and hypersplenism are common in liver disease. Hence, it is clear how a
complete range of coagulation abnormalities from hypocoagulability, accelerated
fibrinolysis, through to disseminated intravascular coagulation and hypercoagulable
states associated with low protein C and S levels can be encountered perioperatively.
The complex clotting abnormalities of liver disease are succinctly reviewed by Kang.74

Preoperative assessment of coagulation is a mandatory part of the workup for major
hepatic resection. However, the complex interactions of the numerous aspects of
coagulation system often make for uncertain significance of single factor levels.
Thromboelastography provides a method for assessing clot formation, coagulation
processes, and fibrinolysis. It provides clinical information within 10 to 20 minutes
and is therefore used as a point-of-contact guide to appropriate perioperative man-
agement of coagulopathy in major hepatic resections.
The natural choice for correcting coagulopathy in liver disease is fresh frozen

plasma because it contains all the coagulation and inhibitory factors. However, its ef-
fects are relatively short lived and it has the disadvantages of a large volume load and
potential cross-infection concerns. Cryoprecipitate is a good source of fibrinogen and
tends to be administered for documented hypofibrinogenemia. Platelets transfused
during major resections often have only a transient effect, because they undergo
splenic sequestration. The antifibrinolytic agent, tranexamic acid has shown promise
in reducing transfusion requirement in liver resection and can be used in hepatic sur-
gery with anticipated high blood loss.75–77 However, a Cochrane review was less sup-
portive in their role during resection.78 Newer agents such as activated factor VII have
been used to good effect in liver failure with active hemorrhage,79 but a role in elective
liver resections remains uncertain.80

Other considerations for coagulopathy Because the liver is the site of citrate meta-
bolism, it is important to ensure adequate serum calcium levels during severe coagul-
opathy and where large volumes of citrated blood products are being transfused.
Because major liver resections are often prolonged, the infusion of large fluid volumes
and an “open” abdomen provides an efficient heat sink. Invasive temperature moni-
toring (esophageal or rectal) and scrupulous attention to active warming of the patient
and all infusions must be undertaken perioperatively. Even mild hypothermia can lead
to increased blood loss, particularly through impairment in platelet function. Labora-
tory tests of coagulation are performed at 37�C, and may remain normal requiring
adjustment where hypothermia exists.
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POSTOPERATIVE CONSIDERATIONS

General postoperative complications of major abdominal surgery are also relevant to
HPB surgery. In addition, the immediate complications more specific to patients under-
goingmajor hepatic resection include on going coagulopathy and active bleeding, onset
or exacerbation of liver failure with encephalopathy, renal impairment, and late biliary
leak. For this reason, early postoperative care (12–24 hours) after liver resection should
have the facility for the continuation of invasive hemodynamic monitoring and close
observation of renal function. In most UK hospitals, this often necessitates critical care.
Nevertheless, enhanced recovery programs developing as the accepted standard

for postoperative care in other areas of major surgery have been used in the context
of liver resection surgery and have been associated with significant reductions in hos-
pital length of stay and perioperative complications.81

Elements of the Enhanced Recovery program of specific relevance to HPB surgery
include the following.

Preoperative Carbohydrate Loading

No study has directly studied the use of carbohydrate loading in patients undergoing
liver resection. However, an enhanced recovery program in which carbohydrate
loading was used showed a reduction in both length of stay and complications.82

Surgical Drains

Surgical practice has traditionally placed a drain in the subphrenic space close to the
resection surface. The main proposed advantages are the prevention of subphrenic
fluid collection, early identification of postoperative bleeding83 and bile leak,83,84

and prevention of ascitic fluid accumulation. However, the evidence that surgical
drainage is conflicting. A Cochrane review of surgical drainage after liver resection sur-
gery85 found that bleeding and bile leakage that required emergency surgical or radio-
logic intervention was uncommon in the early postoperative period after hepatic
resection and that prophylactic drainage did not help in the identification or manage-
ment of these complications. Drainage did not influence mortality rates, and there was
an increase in both chest complications and postoperative wound infections. In
conclusion, there is no evidence to support routine drain use after liver resections.

Nasogastric Tubes/Oral Nutrition

Nasogastric tube placement and drainage of gastric contents have been routine in
liver resection surgery. However, their routine use has been questioned. A random-
ized, controlled trial of 200 patients86 concluded that nasogastric tube placement
was associated with increase risk of atelectasis and pulmonary complications. Naso-
gastric tube placement did reduce vomiting rates, but 20% of patients experienced
severe discomfort. Their routine use cannot be recommended in the majority of pa-
tients. Early oral nutrition after surgery has also been a goal for enhanced recovery
programs and has been shown to be achievable after liver resection. Early oral intake
allows for discontinuation of IV fluids and accelerated recovery. One study,87 even
though negative for its primary endpoint for the use of laxatives, showed that oral fluid
intake can be resumed on the day of surgery in 94% of patients and reintroduction of
diet was achieved in 37% on day 1 and in 78% by day 2.

Deep Venous Thrombosis Prophylaxis

Patients undergoing liver resection with prolonged surgery and with underlying meta-
static cancer are at risk of postoperative venous thromboembolism. Successful liver



Anesthesia for Hepatobiliary Surgery 135
resection, with acceptable retained liver function, often leads to a procoagulant post-
operative state. Thromboelastogram monitoring also demonstrates a state of postop-
erative hypercoagulability after living donor hepatectomy.88 Reduction in liver function
leads to a decrease in both procoagulant and anticoagulant factors by up to 50%.89

Therefore, venous thromboembolism may occur even in the presence of elevated
standard measures of anticoagulation such as International Normalized Ratio and par-
tial thromboplastin time.90,91 In a retrospective review of 415 patients undergoing ma-
jor hepatectomy, administration of pharmacologic thromboprophylaxis lowered the
rate of venous thromboembolism but did not increase the rate of blood transfusion af-
ter hepatectomy.92 On balance, it is recommended that pharmacologic thrombopro-
phylaxis should be part of an enhanced recovery program unless there is an obvious
contraindication.

Analgesia

The risks and benefits of any mode of analgesia need to be considered for each indi-
vidual in deciding the best treatment of postoperative pain. Because this group of
patients is at risk of renal impairment and coagulation defects, nonsteroidal anti-
inflammatory agents should be avoided wherever possible. Opiates that are metabo-
lized in the liver and excreted renally have the potential disadvantage of accumulation
with cerebral depressant effects in a population with a tendency to encephalopathy.
Use of epidural techniques have been the preferred postoperative analgesic option,
given the proposed benefits on postoperative recovery after major surgery and use
of large surgical incisions during hepatic surgery. However, a major concern is the
associated prolongation of prothrombin time that may develop during surgery. It is
debatable whether this coagulopathy increases the risk of epidural hematoma, but it
often delays epidural catheter removal and increases administration of corrective
blood products.93 Several studies have suggested that intrathecal opiates are a suit-
able alternative to epidural analgesia and have a number of advantages, especially in
terms of embracing the enhanced recovery ethos.94 A recent prospective, observa-
tional study95 compared thoracic epidural with intrathecal morphine and fentanyl
patient-controlled analgesia. Although CVP and blood loss were lower in the epidural
group, in contrast, time to mobilization, fluid requirements, and length of stay were
lower in the intrathecal morphine plus fentanyl patient-controlled analgesia group.
Pain scores were not different in the first 5 postoperative days.

Postoperative Liver Dysfunction or Failure

In the event of acute liver failure arising after liver resection, attempts should be
made to support the patient to allow sufficient time for regeneration of the remaining
liver. The mainstay of this is ensuring optimal standards of intensive care manage-
ment, including airway control, adequate hydration, inotropic and renal support as
needed, control of coagulopathy and active bleeding and consideration of N-acetyl
cysteine (NAC) infusion. Beneficial effects have been seen in systemic and cerebral
hemodynamics in acute liver failure of other causes, an effect not related to stimula-
tion of liver regeneration or hepatoprotection, but initially assigned to improvements
in systemic oxygen delivery and oxygen extraction.96 A later paper97 refuted the ef-
fects of NAC on oxygen delivery and extraction in hepatic failure, suggesting instead
that the microcirculatory effects also seen when NAC is used in sepsis may be a
more important effect. A recent study,98 however, has shown that the use of NAC
does not reduce alanine aminotransferase levels, suggesting that it does not reduce
hepatocellular injury. There was also a higher level of post-hepatic liver failure.
Further studies are needed in patients at higher risk of major hepatic failure in those
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undergoing more extensive resections with a background of significant preoperative
liver disease.

SUMMARY

HPB surgical outcome has improved with advancements in surgical technique,
training, and equipment. In addition, perioperative management, including improved
patient selection, preoperative venous embolization, and intraoperative maneuvers
to reduce blood loss, have played an important role in postoperative outcome. Devel-
oping enhanced recovery programs that include intrathecal opiate analgesia and
improved postoperative mobilization will undoubtedly lead to further improvements
in future outcomes.
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Esophagectomy
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KEY POINTS

� Esophagectomy remains a high-risk operation with significant perioperative morbidity and
mortality.

� Patients should be appropriately selected for surgery, and offered an evidence-based risk
assessment for their postoperative outcome to allow informed, shared decision making.

� Perioperative management is complex, and in many areas evidence is limited and needs
to be carefully translated. However, close attention to detail in many areas of perioperative
management should improve postoperative outcome.

� An enhanced recovery pathway for esophagectomy should be implemented as standard
practice.
INTRODUCTION

Esophageal cancer is the eighth most common cancer worldwide and the sixth most
common cause of cancer death. In 2011 there were 7603 deaths from esophageal
cancer in the United Kingdom, accounting for 5% of all deaths from cancer.1

Esophageal cancer presents as either squamous cell carcinoma or adenocarci-
noma. Until relatively recently, squamous cell carcinoma accounted for most esoph-
ageal cancers worldwide; however, most new cases in the Western world are now
adenocarcinoma.2 The incidence of adenocarcinoma has increased 4-fold over the
past 25 years, and it is the most rapidly increasing cancer in the United States.2,3

Risk factors for adenocarcinoma include gastroesophageal reflux disease (GERD),
Barrett esophagus, obesity, smoking, and a diet low in fruit.2,4 Alcohol and smoking
are established risk factors for squamous cell carcinoma.2
Dr A. Carney has received travel expenses from the EBPOM group (Evidence Based PeriOpera-
tive Medicine). Dr M. Dickinson has no disclosures.
a Department of Anaesthesia, Nottingham University Hospitals NHS Trust, City Campus,
Hucknall Road, Nottingham NG5 1PB, UK; b Department of Anaesthesia, Perioperative Medi-
cine and Pain, Royal Surrey County Hospital NHS Foundation Trust, Egerton Road, Guildford,
Surrey GU2 7XX, UK
* Corresponding author.
E-mail address: adam.carney@nuh.nhs.uk

Anesthesiology Clin 33 (2015) 143–163
http://dx.doi.org/10.1016/j.anclin.2014.11.009 anesthesiology.theclinics.com
1932-2275/15/$ – see front matter � 2015 Elsevier Inc. All rights reserved.

mailto:adam.carney@nuh.nhs.uk
http://crossmark.crossref.org/dialog/?doi=10.1016/j.anclin.2014.11.009&domain=pdf
http://dx.doi.org/10.1016/j.anclin.2014.11.009
http://anesthesiology.theclinics.com


Carney & Dickinson144
Overall 5-year survival from esophageal cancer is between 15% and 25%,5 but only
25% to 30% of patients are potentially curable at presentation.6

Esophagectomy (often alongside neoadjuvant chemotherapy) is the gold-standard
curative treatment for localized esophageal cancer.7 More than 5000 esophagecto-
mies are performed in the United States and United Kingdom each year. The operation
is an invasive and complex procedure carrying a high postoperative morbidity and
mortality.8 Overall postoperative mortality remains around 8%, although rates in
high-volume centers (>50 operations per year) are typically less than 5%.9–11 Both vol-
ume and standard of care seem to influence mortality, as 5-year survival after surgery
is quoted at between 25% and 50%,7,10 with the best 5-year survival figures appearing
to come from university hospitals (49.2%, compared with 27.3% for nonteaching hos-
pitals).12 There is some evidence that anesthetic expertise influences outcome,10 but a
relationship has not been established between anesthetic volume and outcome.
Significant postoperative complications can occur in up to 60% of esophagecto-

mies,13 with respiratory complications occurring in 25% of cases, cardiovascular in
12%, and anastomotic leak in 16%. Major pulmonary complications cause 50% of
postoperative deaths.14

Improvement in outcome may be achieved by appropriate risk assessment and pa-
tient selection, choice of surgical technique, and optimization of perioperative patient
care. Two recent reviews of anesthetic management for esophagectomy have
focused on perioperative areas such as pulmonary morbidity, ventilatory manage-
ment, thoracic epidural analgesia, intraoperative fluid management, the esophago-
gastric anastomosis and conduit perfusion, vasopressor therapy, anastomotic leak,
cardiac arrhythmias, and venous thromboembolism.15,16 It is unlikely that any single
perioperative intervention alone will show benefit in outcome; however, an approach
addressing several factors, and standardizing care (essentially an Enhanced Recovery
After Surgery [ERAS] package) may demonstrate a significant impact.15 ERAS in colo-
rectal surgery has halved complication rates and reduced length of stay by 3 days.17

Given the high risk and complexity of esophagectomy, it seems likely that standard-
ized ERAS protocols in high-volume centers should help decrease both morbidity
and mortality following esophagectomy.9,15

This review addresses preoperative assessment and patient selection, periopera-
tive care (focusing on pulmonary prehabilitation, ventilation strategies, goal-directed
fluid therapy [GDFT], analgesia, and cardiovascular complications), minimally invasive
surgery, and current evidence for ERAS in esophagectomy.
PREOPERATIVE ASSESSMENT AND PATIENT SELECTION

Esophagectomy is a high-risk procedure because of the invasive nature of the oper-
ation (with both abdomen and thorax being breached) and the preoperative patho-
physiologic status of the patient.18 Although patients with potentially resectable
disease should be offered surgery, it should not be undertaken on patients unable
to survive the physiologic insult of the operation.
The changing epidemiology of esophageal cancer means the profile of comorbid-

ities among patients is changing. Obesity, GERD, and ischemic heart disease are all
increasing while patients are also getting older. Thirty percent of candidates for
potentially curative surgery are American Society of Anesthesiologists (ASA) grade
III or IV.19,20

Accurately predicting which patients will develop complications is not easy. The
following have been shown to be risk factors for morbidity and/or mortality after
esophagectomy.5,10,13
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� Poor cardiopulmonary function (smoking, reduced vital capacity, low preopera-
tive arterial oxygen tension)

� Poor cardiorespiratory function
� Age
� Tumor stage
� Diabetes mellitus
� Cardiac dysfunction
� Impaired general health
� Hepatic dysfunction

One retrospective analysis found general health, cardiac function, hepatic function,
and respiratory function to be the major influences on postoperative mortality.21 A pro-
spective scoring system was subsequently developed which, when applied prospec-
tively to aid patient selection, decreased the postoperative mortality from 9.4% to
1.6%.22

Other more generic scoring systems, such as POSSUM and P-POSSUM, have been
used in general surgery to estimate postoperative mortality for an individual pa-
tient.23–25 A dedicated scoring system to predict postoperative mortality specifically
for esophagogastric surgery (O-POSSUM) has also been developed, although it has
not been consistently shown to be any more accurate a predictor of postoperative
mortality than P-POSSUM,20,26–28 often overpredicting mortality.29,30 More recently,
frailty scores have been used to predict morbidity and mortality, and may be an impor-
tant area to pursue when assessing and selecting patients for esophagectomy, espe-
cially as the population ages.31

The ARISCAT score was developed to provide a predictive index for the develop-
ment of postoperative pulmonary complications (PPCs). The resulting risk index is
based on the following 7 objectives: age, preoperative blood oxygen saturation
(SpO2), presence of recent respiratory infection, presence of preoperative anemia,
location of surgical incision, duration of surgery, and whether the surgery was under-
taken as an emergency procedure.32 The score has recently been adopted as a stan-
dard by the European Society of Anesthesiologists/European Society of Intensive
Care Medicine joint task force on perioperative outcome measures.33 Most esopha-
gectomy patients will fall into the calculated ARISCAT high-risk category.
Although predictive scores are a good starting point for appropriate patient selec-

tion, often more accurate assessment is subsequently required. Oxygen consumption
increases 50% in the immediate postoperative period,34,35 so prospective operative
patients need to be able to increase their cardiac output and O2 delivery. Patients
who are unable to meet this metabolic demand, thought to equate to 4 metabolic
equivalents, are at increased perioperative risk.36,37

There are various ways of assessing cardiopulmonary fitness, including the Duke
Activity Status Index (DASI),38 the Shuttle Walk Test (SWT),39,40 and Cardiopulmonary
Exercise Testing (CPET).41 Older and colleagues41 first defined an anaerobic threshold
(AT) of 11 mL/min/kg as a clear correlation between preoperative functional reserve
and operative risk, and the Improving Surgical Outcomes Group42 recommend
CPET before high-risk surgery.
Evidence for CPET results improving the outcome in esophagectomy is limited. One

recent study has shown a correlation between AT and the development of cardiopul-
monary complications (CPCs), with CPCs occurring in 42% of patients with an AT
of less than 9 mL/min/kg compared with 29% of patients with an AT of greater than
9 mL/min/kg but less than 11 mL/min/kg, and 20% of patients with an AT of greater
than 11 mL/min/kg.43 Both peak (VO2peak)

44 and maximum (VO2max)
45 oxygen uptake
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have also been shown to correlate with CPCs, with one study concluding that a VO2max

of 800 mL/min/m2 allows esophagectomy to be safely performed.45 Snowden and
colleagues46 showed that an anaerobic threshold of less than 10.1 mL/kg/min was
an independent predictor of increased postoperative complications in major surgery.
Based on these 3 articles,43,45,46 the following CPET values are proposed as predictive
of significant postoperative complications in esophagectomy.

� AT less than 10.1 mL/kg/min
� VO2max less than 800 mL/min/m2

Murray and colleagues36 compared an incremental SWT with CPET in patients
about to have an esophagogastrectomy, and showed that distance achieved in an
SWT correlated well with measures of O2 uptake obtained through formal CPET. Of
43 patients who walked farther than 340 m during a formal SWT, none died during
the first 30 postoperative days, but of 8 patients who walked less than 340 m, 5 of
8 died and 2 of the 8 were still on intensive care at 30 days.
Struthers and colleagues47 found that although both DASI and SWT are sensitive

and specific predictors of VO2peak greater than 15 mL/kg/min and AT of greater than
11 mL O2/kg/min, many patients with a poor SWT or DASI had satisfactory CPET re-
sults. The investigators concluded that CPET is therefore probably the only test that
provides an objective measure of cardiopulmonary fitness.47

A combination of cardiopulmonary function assessment (using CPET or SWT) and
frailty assessment,48 combined with predictive morbidity scores, may prove to be a
valid way of pursuing informed, shared decision making49 regarding patient suitability
for esophagectomy, although further research is needed to refine this approach.
PERIOPERATIVE ISSUES

Pulmonary complications are the most common cause of postoperative morbidity and
mortality in patients following esophagectomy. The occurrence of pulmonary compli-
cations is seen in up to 10% to 25% of patients, resulting in a mortality of up to
50%.50,51 Perioperative risk factors include age, an independent prognosticator for
morbidity,52 a low preoperative body mass index, a history of cigarette smoking and
preexisting pulmonary dysfunction, the experience of the surgeon, the duration of
both the operation and one-lung ventilation (OLV), and the occurrence of an anasto-
motic leak.53 Various strategies have been developed to reduce the incidence of these
complications, outlined herein.

Preoptimization

The period of time preceding surgery presents an opportunity to ensure that patients
are in the best possible condition, by addressing modifiable risk factors and optimizing
preexisting comorbidities. This concept is now being recognized as “prehabilitation.”
Areas of interest include identification and treatment of anemia, optimizing nutrition,
smoking cessation, optimizing medical therapies, and preoperative physiotherapy.54

There is a paucity of evidence specifically relating to esophageal surgery; however,
3 areas that have been studied in thoracic patients provide evidence that may be tran-
sitioned to the esophagectomy population: smoking cessation, optimization of chronic
obstructive pulmonary disease (COPD), and preoperative pulmonary rehabilitation.55

The United Kingdom National Institute for Health and Clinical Excellence (NICE)
recommends that all smokers should be offered nicotine replacement to help stop
smoking,56 as smoking is associated with a higher likelihood of 30-day mortality
and serious postoperative complications.57
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COPD is common in patients with esophageal cancer, and data suggest that the use
of long-acting b-agonists, combined with inhaled steroids, may reduce postoperative
complications.58,59 Evidence from patients undergoing lung resection for lung cancer
suggests that the combination of optimized medical treatment combined with an
intensive preoperative physical therapy program may result in improved lung function
and exercise capacity in patients with COPD.60,61

Preoperative inspiratory muscle training has been shown in one study to improve
respiratory function, but not outcome, in patients undergoing esophagectomy.62 How-
ever, this study may have been underpowered, as reductions in pulmonary complica-
tions were demonstrated by a large randomized controlled trial in high-risk cardiac
patients.63

It is biologically plausible that the non–lipid-decreasing effects of HMG-CoA
(3-hydroxy-3-methyl-glutaryl coenzyme A) reductase inhibitors (statins) may modify
many of the underlying processes that lead to the development of acute respiratory
distress syndrome (ARDS) in surgical patients. These effects include the potential to
reduce vascular permeability and inflammatory cytokines, increase the levels of
anti-inflammatory cytokines, and promote the repair of damaged endothelium.64 In
a recent proof-of-concept randomized, placebo-controlled trial, patients undergoing
esophagectomy were allocated to either 80 mg simvastatin or placebo in the periop-
erative period. Pretreatment with simvastatin decreased biomarkers of inflammation
and reduced epithelial and systemic endothelial injury. However, there was no statis-
tically significant difference between the groups for the development of acute lung
injury.65 There remains clinical equipoise, illustrated by a large retrospective cohort
study that evaluated the association between preoperative statin therapy and the
development of postoperative ARDS in patients undergoing elective high-risk thoracic
and aortic vascular surgery.64 Of 1845 patients, 722 were receiving preoperative statin
therapy, with no statistically significant differences between the groups for the devel-
opment of ARDS, mortality, length of stay in hospital, or ventilator-free days.

Ventilation Strategies

Esophagectomy elicits a marked systemic inflammatory response syndrome, and a
relationship between local and systemic inflammatory mediators has been described.
These mediators include proinflammatory and anti-inflammatory mediators such as
interleukin (IL)-6, IL-8, and IL-10.66 OLV is the standard technique used to facilitate
the surgical procedure in both open and minimally invasive approaches. Pulmonary
damage can be caused by retraction of the collapsed lung during surgery and by rein-
sufflation at the end of surgery following resection of the tumor. In addition, both vol-
utrauma and atelectrauma should be avoided, and adoption of the principles of the
ARDSNet trial67 is advocated. These principles include maintaining inspiratory plateau
pressure below 35 cm H2O by reducing tidal volume to as low as 5 to 6 mL/kg, and
optimizing positive end-expiratory pressure (PEEP) to a setting above the lower inflec-
tion point.68,69 Recent studies have looked at the optimal levels of PEEP in open
abdominal surgery. The large, multicenter, PROVHILO randomized controlled trial
found that there was no difference in the development of PPCs between patients
receiving levels of PEEP set at 12 cm H2O, combined with recruitment maneuvers,
and those receiving a low level of PEEP (<2 cm H2O) without recruitment maneuvers
during anesthesia for open abdominal surgery. However, there were more episodes of
intraoperative hypotension requiring vasoactive drugs in patients receiving the higher
level of PEEP.70 The recent IMPROVE trial also compared 2 ventilation strategies in
anesthetized patients undergoing major abdominal surgery. One group received a
tidal volume of 10 to 12 mL/kg of predicted body weight, with no PEEP or recruitment
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maneuvers, while the other group received a lung-protective strategy with tidal
volumes of 6 to 8 mL/kg of predicted body weight, a PEEP of 6 to 8 cm H2O and
recruitment maneuvers repeated every 30 minutes of 30 cm H2O for 30 seconds.
The group receiving the lung-protective strategy had significantly fewer major pulmo-
nary and extrapulmonary complications in the first 7 days after surgery.71 Although
these studies did not look specifically at patients receiving OLV, others have shown
that during OLV improvements in oxygenation and lung mechanics can be observed
after a recruitment maneuver combined with PEEP values of up to 10 cm H2O.72

While there seems to be benefit in optimizing PEEP to the dependent, ventilated
lung, there is also evidence that the application of continuous positive airway pressure
(CPAP) to the collapsed lung reduces pulmonary damage, hypoxia, and consequent
inflammation. Significantly lower concentrations of IL-1a, IL-1b, IL-8, IL-10, tumor ne-
crosis factor a, macrophage inflammatory protein 1a, and pulmonary and activation-
regulated chemokine were found in bronchoalveolar lavage fluid of collapsed lungs
that had 5 cm H2O CPAP applied, compared with those with no CPAP. There were,
however, no differences in systemic concentrations of these mediators.66

There is conflicting evidence regarding the optimal ventilation mode for OLV. Tugrul
and colleagues73 found that pressure control ventilation (PCV) improved oxygenation
in comparison with volume control ventilation (VCV), with the higher observed pulmo-
nary shunt in the VCV group being attributable to higher plateau pressures. This finding
contrasts with those of Unzueta and colleagues,74 who found no improvement in
oxygenation while using PCV during OLV, in comparison with VCV. However, they
did observe lower peak airway pressures.
There is evidence that both sevoflurane and desflurane, when compared with

propofol, produce a beneficial local immunomodulatory effect in patients undergoing
OLV for thoracic surgery, significantly reducing inflammatory mediators and improving
clinical outcomes.75,76

Avoidance of Postoperative Pulmonary Complications

The occurrence of passive reflux in patients following esophagectomy, caused by
denervation of the stomach and excision of the lower esophageal sphincter, predis-
poses patients to the development of PPCs. Routine decompression of the gastric
conduit can provide protection against aspiration and distension of the anastomosis.
Although performing a pyloroplasty may reduce the incidence of gastric outflow
obstruction and speed up gastric emptying, its contribution to reducing aspiration
has yet to be established,77 and some investigators recommendomitting the procedure
because it may favor biliary reflux esophagitis.78 Early extubation following surgery
avoids the complications associated with mechanical ventilation, has been shown to
be safe, is not associated with increased respiratory morbidity, and reduces length of
stay in the intensive care unit.79–81 Adoption of the 5 components of the Institute for
Health Improvement Ventilator Bundle, adapted for postoperative esophagectomy pa-
tients, is goodpractice even in nonventilated patients. These 5 components are: the use
of profiling beds, allowing the thorax to be kept upright at all times, and elevation of the
head of the bed; daily sedation holds and assessment of readiness to extubate; peptic
ulcer diseaseprophylaxis; deepvenousulcer prophylaxis; anddaily oral carewith chlor-
hexidine (and, in the United Kingdom version, supraglottic aspiration).82

Perioperative Fluid Management

Accurate fluid management is a key component of perioperative anesthesia during
thoracic surgery.83 Too little fluid could compromise perfusion of vital organs and sur-
gical anastomoses, but fluid overload could lead to pulmonary edema and subsequent
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acute lung injury (ALI) (which carries a mortality rate of <50%),52,84,85 or anastomotic
edema and, therefore, leak.86 Patients who have such postoperative complications
but survive to hospital discharge have reduced long-term survival.87,88 It is therefore
crucial that intraoperative fluid management is optimized for each individual patient
undergoing esophagectomy, to maximize perfusion pressure and oxygen delivery to
vital organs and the gut mucosa.89

Many studies advocate restrictive rather than liberal fluid management in gastroin-
testinal (GI) surgery, showing better GI recovery time and reduced morbidity (espe-
cially pulmonary).90–93 Three studies that have reviewed fluid management in
esophagectomy (2 as part of a multimodal anesthesia regime) have found that restrict-
ing intraoperative fluids reduced postoperative morbidity and potentially shortened
the recovery period.81,93,94 It should be noted, however, that fluid restriction often
means avoidance of fluid excess (eg, <4 L of crystalloid).86

GDFT (defined as the monitoring of hemodynamic parameters and rational fluid
administration based on information obtained, to optimize tissue perfusion)84 has
been shown to shorten length of stay in hospital and decrease postoperative morbidity
in major lower GI surgery.95–97 GDFT should be used to target fluid boluses to maxi-
mize cardiac output while avoiding fluid excess. GDFT has potential benefits for
esophagectomy with theoretic prevention of splanchnic (and thus anastomotic) vaso-
constriction,89,98,99 and the avoidance of fluid overload and subsequent ALI.
No studies assessing the impact of GDFT on outcome in esophagectomy have been

published; however, 5 meta-analyses and 1 review of major abdominal surgery all
demonstrate fewer complications and shorter stay with GDFT.99–103

Three of the meta-analyses showed that a greater volume of fluid was administered
when GDFT was used, but a fourth found greater benefit with GDFT than with a non-
GDFT “liberal” fluid strategy.99 GDFT has been studied in 16 patients undergoing
esophagectomy as part of a study assessing GDFT and pulmonary fluid overload in
thoracic surgery requiring OLV. Goal-directed fluid was guided by stroke volume
(SV) variation (SVV), and the investigators concluded that SVV-guided fluid manage-
ment did not result in pulmonary fluid overload.104 SVV is traditionally used during pos-
itive pressure ventilation, with a closed chest, and tidal volumes of 8 mL/kg. During
thoracotomy the intrathoracic pressure changes that cause a drop in preload, leading
to SVV, are not consistent; therefore SVV, as a sole observation, is of limited value.
SVV has been shown to be predictive of postoperative intravascular hypovolemia in
esophagectomy,105 and a low intraoperative stroke volume index may represent a
risk factor for acute kidney injury in the early postoperative period.106

The OPTIMISE trial is the largest single study thus far of GDFT in major GI surgery,
and patients having upper GI operations constituted 224 of the 734 enrolled pa-
tients.103 Although statistical outcome showed no difference in postoperative compli-
cations between the 2 groups, there was a trend toward fewer complications in the
GDFT intervention group, and there was also no difference in total amount of fluid
given between the 2 groups.
Overall, this evidence would suggest that GDFT should lead to a more individualized

approach to achieving the correct amount of fluid, need not result in excessive fluid
administration, and is likely to reduce complications and possibly, therefore, mortality
in esophagectomy.
Although further research is required in esophagectomy patients, the authors’

approach to perioperative fluid optimization would be:

� Abdominal phase: optimize SV
� Thoracic phase: maintain SV (avoiding aggressive fluid loading)
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� Early postoperative phase (I): optimize SV for 12 hours
� Postoperative phase (II): aim to restrict total daily fluid intake to less than 30mL/kg

Cardiovascular Issues

In the successive annual National Oesophagogastric Cancer Audits that are under-
taken in England and Wales it has been found that, after pneumonia and anastomotic
leak, the third most frequent complication in the early postoperative period is supra-
ventricular arrhythmia. Over the last 20 years, reported incidences of atrial fibrillation
after esophagectomy have trended downward from 64% to 5%. Although this might
be due to patient selection, modern surgical and anesthetic techniques, or arrhythmia
prophylaxis, it is possible that variation in study design and single-center reports bias
these data.107–109 The development of an arrhythmia is important, as it is associated
with morbidity and a 20% relative increase in mortality risk.110,111 However, it is uncer-
tain as to what extent arrhythmia is an independent risk factor for adverse outcomes.
Arrhythmia may be directly related to the extent of intrathoracic dissection and
pericardial irritation.107 Arrhythmia is also associated with age, preexisting cardiac
disease, blood loss, infection, and anastomotic leak. Arrhythmia may therefore be
the cardiac manifestation of other pathologic processes. Whether atrial fibrillation is
a marker or mediator of adverse outcomes in patients after esophagectomy remains
uncertain. That atrial fibrillation per se could produce morbidity and mortality in this
context is plausible, and if it proves to be the case then it is important because the
clinical value of preoperative and intraoperative adverse outcome indicators may be
supplemented by this specific postoperative predictor. Indeed, in the context of
esophagectomy, postoperative complications may be more important predictors of
survival than preoperative health.87

The use of the potential prophylactic properties of magnesium sulfate, digoxin,
b-adrenergic receptor blockade, diltiazem, and amiodarone has been pro-
posed.107,108,112–115 A meta-analysis supports the use of calcium-channel blockers
and b-blockers in the general thoracic surgical population111; however, following the
publication of the POISE trial and a further meta-analysis, the use of b-blockade in pa-
tients undergoing low-risk or intermediate-risk noncardiac surgery is not sup-
ported.116,117 Although there is no evidence that prophylactic digoxin is effective at
reducing the incidence of supraventricular arrhythmias in esophagectomy patients,112

a prophylactic infusion of amiodarone has been shown to significantly reduce the inci-
dence of atrial fibrillation in patients undergoing transthoracic esophagectomy.118

Historically there have been concerns raised that the use of vasopressors may
impair gastric conduit blood flow locally, and splanchnic blood flow more generally,
following work done in animal models subjected to hemorrhage.119 These investiga-
tors concede that their experimental conditions of acute hemorrhagic hypovolemia,
corrected solely by the use of norepinephrine, require further investigation to evaluate
the clinical significance. Under normovolemic conditions, whereby the gastric conduit
has microvascular stunning and is pressure passive, the use of vasopressors have be
found to have no adverse effect on gastric microvascular flow120 and may actually
improve it.121 No association between the use of phenylephrine or ephedrine and
the rate of postoperative anastomotic leak has been found.122 Using vasopressors
to increase the mean arterial blood pressure to greater than 70 mm Hg has not
been shown to have a beneficial effect on the microcirculation.120 However, the
meta-analysis that was incorporated into the recent OPTIMISE trial, which compared
the use of cardiac output–guided hemodynamic therapy using fluids and dopexamine
with usual care, found a reduction in complication rates.103 The findings of a meta-
regression analysis also suggest that dopexamine infusion at low dose, providing



Anesthesia for Esophagectomy 151
mild inotropic and vasodilatory effects, is associated with improved outcomes
following major surgery.123

Thoracic Epidural Analgesia Versus Paravertebral Analgesia

Postoperative pain after esophagectomy can be difficult to manage. Both abdominal
and thoracic components of the operation cause wound and visceral pain, and the
practice of inserting an intercostal chest drain (necessary if lymphadenectomy has
been performed) only adds to the range of dermatomes for which analgesia needs
to be considered.
Thoracic epidural analgesia (TEA) has been shown to offer many benefits in esoph-

agectomy, providing gold-standard analgesia,124,125 reducing respiratory complica-
tions,126–128 and reducing the incidence of post-thoracotomy pain.129,130 TEA has
also been associated with decreased incidence of anastomotic leakage,68 possibly
resulting from improved microcirculation in the gastric conduit.131 TEA has therefore
been central to multimodal standardized perioperative care pathways, which have
shown improved outcomes.78–81,128,132

However, TEA is not necessarily a panacea, as the incidence of failure may be as
high as 12%,133 there are significant risks with insertion, and hypotension can cause
problems such as reduction in splanchnic blood flow and, therefore, a decrease in
oxygen flux at the gastric anastomosis.132,134,135 There is evidence, however, that
either adrenaline or phenylephrine infusions titrated to restore mean arterial pressure
will increase flux at the anastomosis.132,134

Several recent reviews and meta-analyses have shown that paravertebral blockade
with a continuous infusion via a catheter provides pain relief comparable with that
achieved by epidural analgesia, and is associated with fewer complications, in thora-
cotomy.136–138 Paravertebral blockade has been described in esophagectomy,139 and
is standard practice in some United Kingdom hospitals for minimally invasive esoph-
agectomy. Local data show excellent analgesia comparable with epidural analgesia,
and shorter stays in the intensive therapy unit; however, further studies looking at
outcomes are needed.

Chronic Postsurgical Pain

Pain that continues after the surgical wound has healed is known as chronic postsur-
gical pain, and may last for 3 to 6 months after surgery.140 It is particularly problematic
following thoracotomy, with an estimated incidence of chronic pain occurring in 25%
to 60% of patients. Of these patients, 10% will experience severe, disabling pain (>5
out of a pain score of 10).141–144 Risk factors for developing chronic postsurgical pain
include psychosocial conditions such as anxiety, depression, malignant disease,
social network, and social status. Elderly patients have a lower risk, but women
have an increased risk.145

During thoracotomy, rib retraction causes extensive nerve damage to the intercostal
nerves,146 as do pericostal sutures placed when closing the wound. The use of intra-
costal sutures, placed by drilling small holes in the lower rib, has been shown to
reduce this nerve impingement and chronic postsurgical pain.147

In addition to the established techniques of multimodal analgesia, combining
regional or neuraxial anesthetic techniques, there is a growing interest in the use of
other adjuncts to reduce the occurrence of acute and chronic postsurgical pain. How-
ever, none of these have specifically studied the effect in patients undergoing esoph-
agectomy. The use of systemic magnesium and ketamine has been the subject of
recent meta-analyses. Systemic magnesium was found to reduce postoperative
pain and opioid consumption, and the investigators recommended considering its
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use to reduce postoperative pain.148 Similarly, intravenous ketamine was found to be a
useful adjunct for postoperative analgesia.149 Finally, it is now accepted that the use of
gabapentinoids is effective in reducing immediate postoperative pain and opioid con-
sumption, and the currently available data support the conclusion that they may pre-
vent chronic postsurgical pain, although further studies are required to confirm this.150
MINIMALLY INVASIVE ESOPHAGECTOMY

Minimally invasive esophagectomy (MIE) techniques involve either completely
endoscopic resection, via thoracoscopic and laparoscopic approaches, or hybrid ap-
proaches whereby one part of the procedure is performed endoscopically. Advocates
of the technique claim that the physiologic stress and pain are less, as are lengths of
stay in hospital. Findlay and colleagues9 undertook a review of the current published
evidence supporting MIE that included 4 reviews and 3 meta-analyses. These studies
have been criticized for being nonrandomized and of poor quality, but the investiga-
tors concluded that MIE was associated with lower blood loss, shorter hospital
stay, and reduced total morbidity (but no difference in 30-day mortality), and was at
least comparable with open surgery.151 A single randomized controlled trial found
that MIE reduced blood loss, respiratory complications, and length of stay, and pro-
vided a better quality of life at 6 weeks without any difference in node harvest.152 In
the context of the available evidence MIE has been recommended, provided the
appropriate expertise is available.9

The anesthetic challenges of MIE include prolonged surgery, often in the prone
position, the subsequent increased difficulties of lung isolation and OLV in the prone
position, and complications relating to extraperitoneal CO2 (pneumothorax, pneumo-
mediastinum, and surgical emphysema).153
ENHANCED RECOVERY IN ESOPHAGECTOMY

ERAS is a concept advocating best practice in perioperative care, focusing on optimal
recovery and discharge for patients.154 The classic components comprise 5 elements:

1. Preoperative assessment, planning, and preparation before admission
2. Reducing the physiologic stress of the operation
3. A structured approach to immediate postoperative and perioperative manage-

ment, including pain relief
4. Early mobilization
5. Early enteral feeding

ERAS has been shown to decrease complications and shorten length of stay in
hospital, with most studies providing evidence in colorectal surgery.17 The relatively
high morbidity and mortality associated with esophagectomy would suggest that
significant gains could be made by applying ERAS or standardized perioperative
care pathways to esophagectomy; however, not all standard ERAS elements are
necessarily applicable to esophagectomy.155

Evidence suggests that surgical treatment of esophageal cancer is possible with
moderate morbidity and lowmortality,80 and that ERAS in esophagectomy can reduce
anastomotic leak, pulmonary complications, and length of stay.156 An ERAS program
needs to be more than just a formalized pathway, it needs to focus on optimizing
clinical aspects or perioperative care.157 Although most patients with esophageal car-
cinoma can tolerate an enhanced recovery pathway, those younger than 65 years or
who have no comorbidities have the best results.158



Anesthesia for Esophagectomy 153
Findlay and colleagues9 have recently published a systematic review of 6 published
studies and have produced evidence-based guidelines on ERAS for esophagectomy.
Their key points are summarized as follows.

� Length of stay can be reduced to a median of 8 days
� Morbidity (especially pulmonary) can be reduced
� Mortality can be reduced

Findlay and colleagues9 conclude that key components of ERAS for esophagec-
tomy should include the following components.

Preoperative Management

Counseling
� Focused preoperative counseling is an independent predictor of ERAS success.
� Multimodal counseling targeted to the patient’s own expectations is advised.

Carbohydrate Loading
� Carbohydrate loading attenuates catabolism-induced neuroendocrine surgical
stress response, insulin resistance, hyperglycemia, and muscle breakdown. It
can also reduce nausea and vomiting, and expedite hospital discharge.

� Carbohydrate drinks 2 to 3 hours before surgery are advised.

Preoperative Hemoglobin Optimization
� Anemia in esophageal cancer is common, increasing transfusion requirements
and subsequent morbidity and mortality.

� Preoperative iron for 2 to 3 weeks can improve hemoglobin and reduce transfu-
sion (Colorectal).

� Preoperative oral iron for iron deficiency anemia is recommended.

Intraoperative Management

Preemptive Analgesia
� Pain after esophagectomy is multifactorial, involving somatic and visceral affer-
ents from the abdomen, thorax, and neck.

� Nonsteroidal anti-inflammatories predispose to anastomotic leakage in colo-
rectal surgery.

� Preemptive analgesia with epidural is recommended.

Minimally Invasive Esophagectomy
� MIE probably causes less morbidity, fewer anastomotic leaks, less blood loss,
and shorter stay.

� MIE is recommended with appropriate expertise.

Perioperative Fluid Therapy
� Avoidance of fluid excess decreases pulmonary complications.
� GDFT could prevent splanchnic (and therefore anastomotic) vasoconstriction.
� The use of a “balanced” rather than “liberal” or “restricted” fluid protocol is
recommended.

� GDFT is recommended.

Postoperative Management

Chest Drains
� Chest drains can worsen pain, ventilation, and mobilization.
� Use of chest drains should be minimized.
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� One chest drain is as effective as two.
� Chest drains can be removed when draining 200 mL/d.

Gastric Conduit Decompression
� Conduit decompression via a nasogastric tube is recommended.

Nutritional Support
� Early enteral feeding is recommended.

Oral Intake
� The optimal timing of oral intake after esophagectomy is unclear.

Analgesia
� TEA remains the gold standard in open esophagectomy.
� Paravertebral block provides equivalent analgesia for thoracotomy, with fewer
pulmonary complications and side effects.

Urinary Catheter
� Urinary catheters should be removed as soon as practical when not required for
monitoring.

� Removal on postoperative day 1 reduces urinary tract infections and has a reca-
theterization rate of 10%.

Venous Thromboembolism (VTE) Prophylaxis
� The risk of VTE is high (7%) after esophagectomy.
� All patients should receive combined pharmacologic and mechanical prophy-
laxis while in hospital unless contraindicated.

Early Mobilization
� Early mobilization is recommended.
SUMMARY

Esophagectomy is a complex operation with significant morbidity and mortality,
requiring anesthetic and surgical expertise and careful attention to detail. Although
each individual anesthetic improvement or part of an ERAS program may not indivi-
dually change outcome, the overall perioperative management can be seen as the
“aggregation of marginal gains”159 (a phrase synonymous with Sir Dave Brailsford,
the manager of Team Sky, a British professional cycling team), and should help
decrease postoperative complications.
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63. Hulzebos EH, Helders PJ, Favié NJ, et al. Preoperative intensive inspiratory
muscle training to prevent postoperative pulmonary complications in high-risk
patients undergoing CABG surgery: a randomized clinical trial. JAMA 2006;
296(15):1851–7.

64. Yadav H, Lingineni RK, Slivinski, et al. Preoperative statin administration does
not protect against early postoperative acute respiratory distress syndrome: a
retrospective cohort study. Anesth Analg 2014;119(4):891–8.

65. Shyamsundar M, McAuley DF, Shields MO, et al. Effect of simvastatin on phys-
iological and biological outcomes in patients undergoing esophagectomy: a
randomized placebo-controlled trial. Ann Surg 2014;259(1):26–31.

66. Verhage RJ, Boone J, Rijkers GT, et al. Reduced local immune response with
continuous positive airway pressure during one-lung ventilation for oesophagec-
tomy. Br J Anaesth 2014;112(5):920–8.

67. Ventilation with lower tidal volumes as compared with traditional tidal vol-
umes for acute lung injury and the acute respiratory distress syndrome.
The Acute Respiratory Distress Syndrome Network. N Engl J Med 2000;
342(18):1301–8.

68. Michelet P, D’Journo XB, Roch A, et al. Protective ventilation influences systemic
inflammation after esophagectomy: a randomized controlled study. Anesthesi-
ology 2006;105(5):911–9.

69. Slinger PD, Kruger M, McRae K, et al. Relation of the static compliance curve
and positive end-expiratory pressure to oxygenation during one-lung ventilation.
Anesthesiology 2001;95(5):1096–102.

70. The PROVE Network Investigators for the Clinical Trial Network of the European
Society of Anaesthesiology. High versus low positive end-expiratory pressure
during general anaesthesia for open abdominal surgery (PROVHILO trial): a
multicentre randomised controlled trial. Lancet 2014;384:495–503.

71. Futier E, Constantin JM, Paugam-Burtz C, et al, IMPROVE Study Group. A trial of
intraoperative low-tidal-volume ventilation in abdominal surgery. N Engl J Med
2013;369(5):428–37.

72. Ferrando C, Mugarra A, Gutierrez A, et al. Setting individualized positive end-
expiratory pressure level with a positive end-expiratory pressure decrement trial
after a recruitment maneuver improves oxygenation and lung mechanics during
one-lung ventilation. Anesth Analg 2014;118(3):657–65.

73. Tugrul M, Camci E, Karadeniz H, et al. Comparison of volume controlled with
pressure controlled ventilation during one-lung anaesthesia. Br J Anaesth
1997;79(3):306–10.

http://refhub.elsevier.com/S1932-2275(14)00135-9/sref57
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref57
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref57
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref57
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref57
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref58
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref58
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref58
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref59
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref59
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref59
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref60
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref60
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref60
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref61
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref61
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref61
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref61
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref62
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref62
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref62
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref63
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref63
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref63
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref64
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref64
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref64
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref65
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref65
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref65
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref65
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref66
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref66
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref66
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref67
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref67
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref67
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref68
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref68
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref68
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref68
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref69
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref69
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref69
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref70
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref70
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref70
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref70
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref71
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref71
http://refhub.elsevier.com/S1932-2275(14)00135-9/sref71


Anesthesia for Esophagectomy 159
74. Unzueta MC, Casas JI, Moral MV. Pressure-controlled versus volume-controlled
ventilation during one-lung ventilation for thoracic surgery. Anesth Analg 2007;
104(5):1029–33.

75. De Conno E, Steurer MP, Wittlinger M, et al. Anesthetic-induced improvement of
the inflammatory response to one-lung ventilation. Anesthesiology 2009;110(6):
1316–26.

76. Schilling T, Kozian A, Kretzschmar M, et al. Effects of propofol and desflurane
anaesthesia on the alveolar inflammatory response to one-lung ventilation. Br
J Anaesth 2007;99(3):368–75.

77. Khan O, Manners J, Rengarajan A, et al. Does pyloroplasty following esopha-
gectomy improve early clinical outcomes? Interact Cardiovasc Thorac Surg
2007;6(2):247–50.

78. Palmes D, Weilinghoff M, Colombo-Benkmann M, et al. Effect of pyloric drainage
procedures on gastric passage and bile reflux after esophagectomy with gastric
conduit reconstruction. Langenbecks Arch Surg 2007;392(2):135–41.

79. Brodner G, Pogatzki E, Van Aken H, et al. A multimodal approach to control
postoperative pathophysiology and rehabilitation in patients undergoing ab-
dominothoracic esophagectomy. Anesth Analg 1998;86(2):228–34.

80. Low DE, Kunz S, Schembre D, et al. Esophagectomy—it’s not just about mortal-
ity anymore: standardized perioperative clinical pathways improve outcomes in
patients with esophageal cancer. J Gastrointest Surg 2007;11(11):1395–402.

81. Neal JM, Wilcox RT, Allen HW, et al. Near-total esophagectomy: the influence of
standardized multimodal management and intraoperative fluid restriction. Reg
Anesth Pain Med 2003;28(4):328–34.

82. Resar R, Pronovost P, Haraden C, et al. Using a bundle approach to improve
ventilator care processes and reduce ventilator-associated pneumonia. Jt
Comm J Qual Patient Saf 2005;31(5):243–8.

83. Slinger PD. Perioperative fluid management for thoracic surgery: the puzzle of
postpneumonectomy pulmonary edema. J Cardiothorac Vasc Anesth 1995;
9(4):442–51.

84. Chau EH, Slinger P. Perioperative fluid management for pulmonary resection
surgery and esophagectomy. Semin Cardiothorac Vasc Anesth 2014;18(1):
36–44.
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KEY POINTS

� Anesthesia for major urology surgery has changed greatly with the advent of laparoscopic
and robot-assisted surgical techniques.

� Enhanced recovery pathways are now established in complex major urologic surgery and
are reducing lengths of stay and postoperative complications. This model is extremely
important to deliver optimal health care from the decision to operate to the return to
normal patient function.

� Anesthetic considerations differ between established robotic surgical centers and those
still perfecting the older approach (operative times much greater).

� The success of enhanced recovery pathways in urologic surgery depends upon preoper-
ative assessment, preparation and compliance with all the perioperative elements. Atten-
tion to detail and fastidious preparation are the keys to successful anesthesia and
outcomes in robotic surgery.
PATIENT POPULATION

Themean age for patients undergoing cystectomy is 60 years. This age is typical of the
population of men undergoing major urologic surgery. The patients affected are an
elderly cohort, usually with multiple significant comorbidities. They often have a malig-
nancy, associated renal dysfunction, and present a challenge to the anesthetist in the
perioperative setting.

ENHANCED RECOVERY CARE PATHWAY

Most surgical pathways in the United Kingdom are now based on the principles of en-
hanced recovery.1,2 Thiscarepathwaybeginswhen thepatient isstill athome,beforesur-
gery, and does not end until the patient has returned to the presurgery functional status.
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The preassessment process follows and places the emphasis on the shared deci-
sion making that underpins this approach to perioperative care. This process covers
various generic issues but may also involve individual risk stratification, cardiopulmo-
nary exercise testing, perioperative management of anticoagulants, and assessment
of postoperative high dependency requirements. The patient’s health status is also
optimized by management of anemia, glycemic control, and treatment of hyperten-
sion, as well as dietary, weight, and smoking-cessation advice before surgery.
A consultant-led, multidisciplinary decision can be made as to which procedure and

approach is required for each patient.
Major urologic surgery has 2 main categories:

� Upper tract surgery: simple or radical nephrectomy, radical nephroureterectomy,
nephron-sparing surgery

� Pelvic surgery: radical cystectomy with urinary diversion and radical
prostatectomy

The surgical approach to these procedures differs greatly and there has been rapid
adoption of minimally invasive surgery in recent years, particularly with the advent of
robot-assisted surgery. The procedure as well as the approach therefore influence the
anesthetic techniques recommended.
The authors’ unit has been a designated cancer center since 2005 and undertakes

approximately 300 robotic pelvic cases per year.3 All cystectomies and prostatec-
tomies are now completed robotically, and the unit has been a national leader in
enhanced recovery with one of the shortest lengths of stay in the United Kingdom
for radical pelvic surgery.
This unit has ceased using intraoperative cell salvage for cystectomies, because the

blood transfusion requirement in robotics has been minimal, decreasing length of stay
and cost.
Latest advances include the introduction of day-case robotically assisted laparo-

scopic prostatectomy.
All patients requiring radical cystectomy undergo preoperative cardiopulmonary ex-

ercise testing, and this allows risk stratification for the planned level of dependency in
the postoperative period. The high-dependency setting is only used in those patients
identified as high risk.
Most radical nephrectomies and nephron-sparing surgery are now performed by

laparoscopic or robotically assisted laparoscopic approach. Open renal surgery is
reserved for tumors involving the inferior vena cava or large, centrally placed tumors
requiring partial nephrectomy for which a laparoscopic approach is not feasible.

SPECIFIC ANESTHETIC CONSIDERATIONS FOR OPEN PROCEDURES

� Blood loss: use of intraoperative cell salvage, transfusion requirements3

� Pain relief: preemptive, intraoperative, and postoperative (multimodal)
� Regional anesthesia: rectus sheath catheters4 (placed by the anesthetist using ul-
trasonography), resulting in earlier mobilization than thoracic epidural anesthesia

� Heat loss: forced-air warmers, fluid warming devices

SPECIFIC CONSIDERATIONS FOR LAPAROSCOPIC PROCEDURES

� Pneumoperitoneum: cardiovascular stability, hypercarbia, postoperative pain
� Potential for concealed bleeding

As with any laparoscopic surgery, issues with ventilation, maintenance of normo-
capnia, and cardiovascular stability can occur during any urologic procedure involving
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pneumoperitoneum. Because of the prolonged nature of the surgery in urology, prob-
lems with hypercarbia, vagally mediated bradycardia, and postoperative shoulder tip
pain are more common.
It is also important to understand that significant surgical bleeding can be masked

when operating laparoscopically, and can be much more difficult to control, should it
occur.

ROBOT-ASSISTED SURGERY

Robotic surgery is gaining dominance over the conventional laparoscopic approach
for most pelvic procedures and nephron-sparing surgery.5 The surgeon operates
from a nonsterile, seated control unit that is separate from the robot. The operating
arms are positioned between the legs of the patient and a steep head-down (Trende-
lenburg) lithotomy position is required to prevent abdominal contents from obscuring
the view of the pelvis. Four operating arms attached to intra-abdominal ports extend
over the patient. These ports remain in place for the duration of the procedure and the
instruments, inserted via the ports, are manipulated by the magnified movements of
the surgeon in the control unit (Fig. 1).

Differences from traditional laparoscopic surgery:
� Emergency access to patient: a plan to disengage instruments, remove the tro-
cars, and unlock the robot, before leveling the patient, must be decided, commu-
nicated, and rehearsed for any airway emergency or cardiac arrest scenario.

� Muscle relaxation: maintenance of neuromuscular block and complete avoidance
of patient movement is mandatory while the fixed trocars are in place, to avoid
potential tissue injury.

Specific Considerations for Robot-assisted Surgery

Complications/concerns with robot-assisted surgery6:
Prolonged lithotomy position predisposes to:
� Lower (and rarely upper) extremity nerve injury (particularly femoral nerve)
� Pressure areas and compartment syndrome of the lower limbs
Prolonged Trendelenburg7 predisposes to:
� Ocular injury including corneal abrasions and ischemic optic neuropathy caused
by high intraocular pressures8–10

� Laryngeal (and facial) edema and respiratory distress
Fig. 1. Positioning for robotics.
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� Risk of cerebral edema, as well as increased intracranial pressure, due to reduc-
tion in cerebral venous return due to the high intra-abdominal pressures and
head-down position

� Decreased functional residual capacity and decreased pulmonary compliance
causing increased ventilatory pressures and increased atelectasis

Prolonged pneumoperitoneum predisposes to:
� Carbon dioxide subcutaneous emphysema (up to 4% of cases)
� Carbon dioxide air embolism is also possible11,12

NEPHRECTOMY

Most patients undergoing nephrectomy are presenting with renal cancer. These pa-
tients must be screened for other comorbidities or mass lesions and invasion into
any other tissues, in order to plan not only the appropriate surgical procedure and
postoperative management plan but also the choice of anesthetic. They have often
been identified via screening and present asymptomatically, but can be a complex
cohort of patients, who must be managed by an experienced team.
These patients are positioned laterally (operative side up) for the procedure in most

cases, although in recent times the breaking of the table has not been widely used.

ANESTHETIC TEMPLATE

A template for the anesthetic management of robot-assisted prostatectomy is detailed
later. Significant differences in anesthetic and surgical management of patients under-
going other major urologic procedures is also outlined for completeness.

ROBOT-ASSISTED SURGERY

Duration: approximately 3 to 4 hours (surgical time, 2–3 hours)
Incision: multiple robotic-arm trocars with surgical instruments attached
Positioning: steep head-down lithotomy (approximately 27�), armswrapped by sides

Recommended Techniques

Preoperative visit

� Consent for spinal under general anesthetic: performed at end of operation if
prostate has been difficult to dissect and the bladder is thin walled, which would
increase the likelihood of postoperative bladder spasm, which is otherwise diffi-
cult to treat (shared decision making between surgeon and anesthetist)

� Warn patient about sore throat, due to the endotracheal tube, facial edema, cath-
eter insertion, lower abdominal (and sometimes penile) pain, and the need for
early mobilization

PREMEDICATION

� Drugs to reduce gastric acid and increase gastric emptying (eg, omeprazole
40 mg by mouth and metoclopramide 10 mg by mouth)

� Addition of preemptive analgesia after consent is obtained (eg, oxycodone 15mg
by mouth)

ANESTHETIC ROOM

� Thromboembolic stockings (if not contraindicated)
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� All invasive lines on 1 side (opposite side to robot assistant; usually the left) for
less interference during procedure (normally a 16G intravenous cannula and
20G arterial cannula)

� Anesthetize patient on the surgical table, lying directly on gel pad, with gel head
support

� General anesthesia, endotracheal tube (taped not tied to avoid cerebral venous
congestion), positive pressure ventilation (optimal positive end-expiratory
pressure)

� Orogastric tube (for gastric deflation) and oral temperature probe
� Saline-soaked ribbon gauze throat pack (to protect against gastric contents re-
fluxing up lacrimal ducts and causing corneal burns)

� Eye protection with lubricating ointment, tape, and padding
� Padded right-angled bar placed just caudad to the patient’s chin to protect head
from surgical instruments

� Arms wrapped by patient’s sides, which limits intraoperative access: plan lines
appropriately and attach patient identification to forehead after routine safety
checks

� Arterial transducer on board fixed at the level of the shoulder
INTRAOPERATIVE

� Forced-air warmer to upper chest and fluid warmer
� Bolsters under knees (Fig. 2), gel pads under ankles, and calf pumps
� Steep head-down position (try for 27�, depending on patient body habitus and
ventilatory pressures); some centers use shoulder bolsters

� Preincision surgical antibiotic prophylaxis as per local protocol
� IV dexamethasone to decrease inflammation and swelling
� Consider antisialagogue of choice - not routinely used (eg, IV glycopyrrolate
200 mg, which decreases secretions and the chance of bradyarrhythmias with
pneumoperitoneum and remifentanil infusion)

� Buscopan reduces bladder spasm in recovery (can increase heart rate)
� Remifentanil infusion with volatile maintenance in oxygen/air mix is used most
commonly

� With careful attention to airway pressures, a second dose of muscle relaxant is
rarely required
. 2. Leg bolsters on table.
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FLUID THERAPY

� Limit fluid therapy during procedure while lower renal tract is disrupted. For most
surgery this requires less than 800 mL. Then administer up to 1200 mL (approx-
imately) of crystalloid once urethra is reconnected by the surgeon (communicate
closely): total 2000 mL

� Blood loss is usually less than 300 mL

SURGICAL CONCLUSION

� Administer antiemetic and analgesics (eg, IV ondansetron 4 mg, IV paracetamol
1 g, IV nonsteroidal antiinflammatory drug [NSAID] of choice, and IV oxycodone);
often give small dose of furosemide to stimulate diuresis

� As soon as robot is disengaged, flatten patient out and perform recruitment
maneuvers to the lungs

� Consider spinal after discussionwith surgeon before emergence (if bladder spasm
is a problem, spinal is advised): no opiate, aim to cover 3 hours after surgery

� Sit patient up as soon as surgery is complete: slowwake up over 10 to 15minutes
while remifentanil action wears off (this period reduces cerebral edema and risk
of agitation and confusion postoperatively)

� Ensure normocapnia and cuff leak before extubation

POSTOPERATIVE PRESCRIPTION

� Postoperative pain is normally only mild to moderate
� Regular multimodal analgesia, antiemetic, and venous thromboembolic prophy-
laxis (eg, oxycodone 10–15 mg by mouth twice a day, paracetamol 1 g by mouth
4 times a day, NSAIDof choice unless contra-indicated,metoclopramide 10mgby
mouth 3 times a day, and subcutaneous venous thromboembolism prophylaxis as
per local protocol)

� As required: short-acting opiate and Buscopan for gastrointestinal/bladder
spasm

Key Points

� Prolonged head-down position and pneumoperitoneum
� Limited patient access (Fig. 3)
� Avoid any patient movement during robotic instrumentation
� Sit up before extubation and demonstrate cuff leak

COMMON SURGICAL PROCEDURES AND IMPLICATIONS FOR THE ANESTHETIST
Radical Cystectomy (Robotic)

As for robot-assisted prostatectomy, except:
� Patient leveled to 15� for the ileal conduit or orthotopic neobladder (using a lower-
midline (subumbilical) incision)

� Rectus sheath catheters for analgesia
� Seventy-two hours of oxycodone twice a day postoperatively for analgesia
� Increased duration of surgery
� Increased risk of complications of position and pneumoperitoneum

Radical Cystectomy (Open)

As mentioned for open procedures:
� Intraoperative cell salvage is used routinely



Fig. 3. Limited access to the patient for the anesthetist.
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� Lower-midline (subumbilical) incision
� Rectus sheath catheters cover incisional pain (often placed under sterile condi-
tions by anesthetist using ultrasonography, before surgical start); used for 5 days

� Opiates cover visceral pain for first 24 to 36 hours
� Blood transfusion can be required (usually in the postoperative days)
� Fluid management should be designed to maintain normovolemia and zero
balance

� Complications secondary to pneumoperitoneum are no longer a concern

Mu receptor antagonists (eg, alvimopan) are used in some centers for open cystec-
tomy. They have a limited ability to cross the blood-brain barrier so do not antagonize
the analgesic effects of opioids but reduce peripheral effects such as ileus.

Radical Prostatectomy (Open)

� Lower-midline (subumbilical) incision
� Rectus sheath catheters (less visceral pain than cystectomy)
� Early food and fluids well tolerated
� Mobile within hours after surgery

Radical Nephrectomy

� Often completed using a laparoscopic approach, but requires a small incision at
the end of the procedure to remove the kidney (surgical local anesthetic only
required to port sites and wounds)

� Patient positioned laterally on the operating table
� Patient-controlled analgesia effective postoperatively
� If planned as an open procedure, consider epidural or wound-infiltration
catheters

Partial Nephrectomy

� Usually completed via the laparoscopic approach (surgical local only)
� Patient positioned laterally on the operating table
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SUMMARY OF ANESTHETIC MANAGEMENT

� There should be collaboration between the anesthesia or perioperative medicine
team and the surgical team from the time a decision to operate is made. This
collaboration ensures optimal management of comorbidities, shared decision
making, and the management of risk.

� Early assessment of risk helps to determine the level of care patients receive
postoperatively, which allows effective resource planning.

� Patients are less likely to need high-dependency care and blood transfusion
thanpreviously, when traditional approaches tomajor urologic surgerywere used.

� The routine application of excellent standards of all aspects of anesthetic care
applies to this specialist area.

� This operating environment is complex and differs from traditional practice in
many ways. The anesthetic team need specific training and regular experience
to make their best contributions to good patient outcomes.

� Specific scenarios (such as undocking) must be rehearsed to enable access to,
and treatment of, patients in an emergency.

� Outcome and quality improvements can only be made if robust data are
collected and regularly reviewed.
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KEY POINTS

� Studies on enhanced recovery after major gynecologic surgery are limited but seem to
have similar outcome benefits to populations who have had colorectal surgery.

� Effective regional anesthetic techniques used in gynecologic surgery include spinal
anesthesia, epidural analgesia, transversus abdominis plane blocks, local anesthetic
wound infusions, and intraperitoneal instillation catheters.

� Effective nonopioid analgesics known to reduce opioid consumption after gynecologic
surgery include pregabalin, gabapentin, nonsteroidal antiinflammatory drugs, cyclooxy-
genase 2 inhibitors, and paracetamol.

� A multimodal antiemetic strategy to reduce the baseline risk of postoperative nausea and
vomiting in conjunction with combination antiemetic therapy is imperative in this high-risk
population.

� Randomized controlled trials of the ideal fluid management strategies in this surgical
population are needed.
INTRODUCTION

The last 2 decades have seen significant changes in the surgical approach to gyneco-
logic surgery. Minimally invasive surgeries have been more commonly performed and
have been associated with comparable long-term outcomes compared with open sur-
gery.1 Although operative time is longer with minimally invasive surgery, hospital stay
is significantly shorter, and analgesic and antiemetic needs are significantly reduced
compared with open surgery.1,2 However, there has been little attention to optimizing
other surgical and anesthetic elements of the perioperative care of these patients.
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The concepts and practices of enhanced recovery after surgery (ERAS) are well
established for colorectal surgery but until recently have not been applied to gyneco-
logic surgery. High-quality meta-analyses have shown the effectiveness of ERAS
principles in reducing hospital length of stay and overall complications but not neces-
sarily surgical complications.3,4 Studies that assess fast-tracking or enhanced recov-
ery after major gynecologic surgery typically apply the ERAS guidelines derived
from colorectal surgery, because there are no specific guidelines for enhanced recov-
ery after major gynecologic surgery. In this article, major gynecologic surgery refers to
the surgeries listed in Box 1.
Some general concepts of the ERAS protocol apply to all surgical patient popula-

tions (Box 2).5 The means by which individual components of the ERAS protocol
are achieved may differ, depending on the patient population and type of surgery.
For example, unlike colorectal surgery, gynecologic surgery patients are all women.
It is well established that women differ significantly from men from a pharmacokinetic
and pharmacodynamic standpoint, which may influence the optimal anesthetic drug
choice and antiemetic or analgesic strategies in ERAS protocols for gynecologic
surgery compared with colorectal surgeries.6

This article focuses on meta-analyses, randomized controlled trials (RCTs), and
large prospective impact studies conducted in the gynecologic surgery population
investigating aspects of the ERAS protocol over which anesthesiologists exercise
the most influence. The best evidence is presented for 4 specific aspects of the
ERAS protocol: anesthetic choice, nonopioid multimodal pain management, post-
operative nausea and vomiting (PONV) prevention strategies, and fluid management.
This article concludes with the general ERAS principles applied to this specific patient
population, because anesthesiologists should be aware of all the ERAS interventions
as we become leaders of the perioperative surgical home.

ENHANCED RECOVERY AFTER MAJOR GYNECOLOGIC SURGERY

The first descriptive study exploring ERAS principles in major gynecologic surgery was
conducted 10 years ago.7 The benefits of implementation of ERAS principles in the
gynecologic surgery population were explored in 1 RCT,8 but mostly in preintervention
and postintervention studies. Studies assessing impact of ERAS protocol implemen-
tation on outcomes for major gynecologic surgeries are summarized in Table 1. All of
those studies reported a reduction in the duration of hospital stay, in addition to other
Box 1

Major gynecologic surgeries included in this article

Laparotomy for malignant gynecologic cancers

Hysterectomy, lymphadenectomy, omentectomy

Complex cytoreductive surgery

Urogynecologic pelvic organ prolapse surgery

Total or partial abdominal hysterectomy

Vaginal hysterectomy

Abdominal myomectomy

Salpingo-oophorectomy

Ovarian cystectomy



Box 2

Common aspects to all ERAS protocols

� Preoperative care

� Optimize preoperative care for specific diseases (eg, adjusting insulin or antihypertensive
medications before surgery)

� Preoperative counseling

� Intraoperative care

� Optimizing prophylactic antibiotic administration

� Use of regional anesthesia intraoperatively

� Use of minimally invasive surgery when feasible

� Maintenance of intraoperative normothermia

� Optimize fluid management

� Nausea and vomiting prophylaxis

� Optimize oxygen delivery

� Postoperative care

� Optimize sleep

� Ileus prevention (ie, early feeding, avoid nasogastric tube, early mobilization)

� Minimize drains, tubes, and catheters

� Opioid-sparing multimodal pain management

� Continue home medications

� Postoperative discharge planning

� Thromboembolic prophylaxis (ie, pneumatic compression devices, anticoagulation)
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improvements. However, there was tremendous variation in the ERAS interventions
used and how each intervention was standardized. For instance, few studies attemp-
ted to standardize intraoperative anesthetic technique.8–11 The opioid-sparing anal-
gesic protocol varied from no standardization,12 to nerve blocks,13 multimodal
nonopioid oral analgesics,9 or different neuraxial analgesic techniques.8–11 Adminis-
tration of prophylactic antiemetics was standardized in 5 of those 8 studies, but
they differed markedly in the type and number of agents used.8,9,11,13,14 Intraoperative
fluid administration was clearly standardized in only 1 study.8
REGIONAL ANESTHETIC TECHNIQUES FOR ENHANCED RECOVERY AFTER MAJOR
GYNECOLOGIC SURGERY

Opioid-sparing analgesic regimens are believed to be an integral part of an ERAS
protocol, because opioids have been implicated in immunosuppression, postopera-
tive hyperalgesia, PONV, paralytic ileus, and delay of early mobilization as a result
of sedation.15–17 A variety of regional techniques, including neuraxial and peripheral
nerve blocks may be used to provide postoperative analgesia, reducing opioid
consumption and blunting the surgical stress response.18

There are no RCTs delineating the ideal intraoperative anesthetic protocol to sup-
port ERAS principles, even in guidelines already established for colorectal surgery.
Nonetheless, intraoperative neuraxial anesthesia has been implemented in multiple



Table 1
Summary of studies using enhanced recovery principles for major gynecologic surgeries

Reference,
Surgery Type Study Type

Number of
Patients Implemented ERAS Interventions Summary of ERAS Outcomes

Kroon et al,8

2010
Abdominal

hysterectomy

RCT Control (N 5 26)
ERAS (N 5 27)

Control ERAS Protocol Shorter recovery room length of stay
(median 180 vs 237 min)

Lower rate of PONV on day 1 (11%
vs 50%)

Shorter time to oral intake (median
4 vs 5 h)

Shorter duration of indwelling
urinary catheter (median 9 vs 22 h)

Reduced length of hospital stay
(median 2 vs 3 d)

Preoperative:
Paracetamol and
NSAID or COX-2
inhibitor

Preoperative:
Carbohydrate drink �2 h before

surgery
Paracetamol and NSAID or COX 2

inhibitor
Intraoperative:

General anesthesia
N2O 1 volatile
agent

PONV prophylaxis
ondansetron

Intraoperative:
Spinal anesthesia bupivacaine 1

morphine 100 mg
PONV prophylaxis

betamethasone 1 droperidol 1
ondansetron

IV fluid restricted 500 mL/h
Postoperative:

Paracetamol 1
morphine PCA

Postoperative:
IV fluids stopped with oral intake
Paracetamol 1 NSAID

DeGroot et al,135

2014
Gynecologic

cancer surgery

Nonrandomized
prospective pre
and post
intervention

Pre (N 5 38)
Post (N 5 77)

Preoperative:
Counseling (not specified)
Carbohydrate drink
Avoidance of bowel preparations

Reduced length of hospital stay
(median 5 vs 7 d)

Increased rate of early feeding (oral
fluids on POD 0 increased from
0% to 94%; normal diet on POD 1
increased from 0% to 58%)

Reduced time to functional
recoverya (median 3 d vs 6 d)

Intraoperative:
Avoidance of long-acting anesthetic (not specified)
Avoidance of opioids
Thoracic epidural analgesia
Avoidance of NG tubes

Postoperative:
Oral fluids day of surgery
Normal diet POD 1
Early mobilization
>3 times POD 1
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Kalogera et al,9

2013
Laparotomy

gynecologic
cancer surgery

Urogynecologic
organ prolapse
surgery

Retrospective
cohort pre and
post intervention

Pre (N 5 235)
Post (N 5 241)

Preoperative:
Carbohydrate loading drink
Fluids �4 h before surgery
No bowel preparation
Preoperative acetaminophen, CO 2 inhibitor, or
gabapentin

Lower fluid administration (1 L less
with no intraoperative
hypotension)

Reduced opioid usage (80%
reduction over 48 h)

Higher PONV rate (nausea 55.6% vs
38.5%; vomiting 17.3% vs 2.6%)

Faster return of bowel function
(1 d earlier)

Reduced hospital length of stay
by 4 d

Cost savings ($7600 per patient)
High patient satisfaction

Intraoperative:
Triple-agent antiemetic prophyla
Minimize crystalloid, administer lloid if needed

Laparotomy analgesic medications
Ketorolac or ketamine
LA wound infiltration

Pelvic organ prolapse analgesic me cations:
Spinal anesthesia 1 hydromorph e
Ketorolac

Postoperative:
Postoperative fluids 40 mL/h X 2 or until oral intake
Early food intake POD 0 1 nutrit nal supplement
Early mobilization (out of bed n t of surgery)
Scheduled nonopioid analgesics: torolac or tramadol,
paracetamol, oral hydromorph e as needed

(continued on next page)
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Table 1
(continued )

Reference,
Surgery Type Study Type

Number of
Patients Implemented ERAS Interventions Summary of ERAS Outcomes

Wijk et al,14

2014
Abdominal
hysterectomyb

Retrospective pre
and post
intervention

Pre (N 5 120)
Post (N 5 85)

Preoperative:
Counseling regarding ERAS protocol
Malnourished patients given nutritional supplement
Carbohydrate drink 2 h before surgery
Preoperative paracetamol
Preoperative oral antibiotic

Rate of target length of stay (2 d)
increased (53% vs 73%)

Target length of stay correlated with
increasing number of ERAS
protocol parameter compliance

Reduced hospital length of stay
(median 2.6 vs 2.3 d)Intraoperative:

Maintain normothermia with forced air and warm IV
fluids

Standard antiemetic regimen: droperidol,
dexamethasone, in addition, for high-risk patients,
rescue treatment with ondansetron then
metoclopramide

Postoperative:
Standardized nonopioid analgesics: scheduled diclofenac

and paracetamol
IV fluids stopped with oral intake, normal diet 2 h after

surgery
Early mobilization (2 h after surgery)
Routine thromboprophylaxis
Clear discharge criteria (eat normally, independent

mobilization, oral analgesics, no bowel obstruction)

Sjetne et al,12

2014
Abdominal
hysterectomyb

Urogynecologic
organ prolapse
surgery

Nonrandomized
prospective pre,
immediately
post, and 1 y
post intervention

Pre (N 5 35)
Post (N 5 45)
1 y Post (N 5 45)

Preoperative:
Counseling regarding ERAS protocol

Reduced hospital length of stay
(median days pre 4.7, post 3.4, 1 y
post 3.4)

Reduced nursing workload (patient
contact minutes Pre 86 min, post
70.9 min, 1 y post 72.7 min)

Intraoperative:
None specified

Postoperative:
IV and urinary catheter removed in recovery room
Normal diet within hours (not specified) after surgery
Stopped routine postoperative enemas
Mobilization within hours after surgery
Oral analgesics started immediately
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Yoong et al,13

2014
Vaginal

hysterectomy

Retrospective
case-matched
pre and post
intervention

Pre (N 5 50)
Post (N 5 50)

Preoperative:
Family support assessment
Counseling regarding surgery (1 audiovisual session/

discussion)

Reduced hospital length of stay
(median 22 h vs 45.5 h)

Increase number of women
discharged in <24 h
(78% vs 15.6%)

Reduced rate of vaginal packing
(82.2% vs 52%)

Reduced rate of urinary catheter use
(96% vs 84.4%)

Cost savings ($159.45 per patient)

Intraoperative:
Surgical approach: avoid laparosc py or abdominal

incisions
Regional anesthesia with pudend and uterosacral nerve

blocks
Maintain intraoperative normoth mia >36�

Standardized antiemetic protoco dexamethasone 1

ondansetron, rescue agent cycl ine
Postoperative:

No routine vaginal packing
No routine urinary catheter
Early feeding
Early mobilization
Hired RN discharge planner
Standardized assessment algorith to evaluate discharge

readiness

Dickson et al,10

2012
Abdominal

hysterectomyc

Retrospective
case-matched
pre and post
intervention

Pre (N 5 100)
Post (N 5 100)

Preoperative:
Counseling regarding ERAS proto l

Increased use of spinal anesthesia
(5% vs 83%)

Reduced length of hospital stay
(median 3 d vs 1 d)

Intraoperative:
Spinal anesthesia with intratheca orphine (60–100 mg)

Postoperative:
Early mobilization (day of surger
Normal diet (day of surgery)

(continued on next page)
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Table 1
(continued )

Reference,
Surgery Type Study Type

Number of
Patients Implemented ERAS Interventions Summary of ERAS Outcomes

Marx et al,11

2006
Laparotomy

gynecologic
cancer surgery

Retrospective
pre and post
intervention

Pre (N 5 72)
Post (N 5 69)

Preoperative:
No premedication
Preoperative paracetamol
No bowel preparation
Thromboprophylaxis

Reduced hospital length of stay
(median 6 d vs 5 d)

Reduced severe complications
(12.5% vs 1.4%)

Intraoperative:
Routine use of epidural anesthesia
Antiemetic prophylaxis (dexamethasone 1 ondansetron)
Routine antibiotic prophylaxis

Postoperative:
Routine use of epidural analgesia
Food and nutritional supplements 4 h after surgery
Magnesia (promotility agents)
Early mobilization day or surgery and standardized

mobilization
Schedule to remove urinary and epidural catheter

Abbreviations: IV, intravenous; LA, local anesthetic; NG, nasogastric; NSAID, nonsteroidal antiinflammatory drug; PCA, patient controlled analgesia; POD,
postoperative day; RN, registered nurse.

a Functional recovery score is based on: resumption of normal oral and food intake, independent mobilization, and pain controlled on oral analgesics.
b Malignant and benign indication.
c Benign indication.
Data from Refs.8–14,135
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fast-track protocols because of proven benefits on attenuating the physiologic surgi-
cal stress response and showing opioid-sparing effects.18 Table 218–28 summarizes
the potential benefits of neuraxial anesthesia on ERAS protocol goals, as shown by
several meta-analyses and RCTs. Despite the known benefits of regional anesthesia,
there are few RCTs comparing general anesthesia alone with either regional anes-
thesia alone or a combination of general anesthesia with regional anesthesia in major
gynecologic surgery.

Spinal Anesthesia

Most studies using regional anesthesia as a sole anesthetic are conducted in open
abdominal hysterectomies or pelvic organ prolapse surgery under spinal anesthesia.
Table 329–33 summarizes the RCTs that compare regional anesthesia as a sole tech-
nique or in combination with general anesthesia with general anesthesia alone on
ERAS outcomes. Most of these studies show a clear benefit of spinal anesthesia
compared with general anesthesia for reducing postoperative opioid consumption,
likely because of the addition of intrathecal morphine to the spinal injectate.29,30,32,33

Spinal anesthesia also seems to be more cost effective, in part because of shorter re-
covery room length of stays.31,32 The effect of spinal anesthesia on hospital length of
stay was mixed,29,32 but the evidence favors spinal anesthesia for hysterectomies to
enhance recovery in the immediate postoperative period.

Combined General and Epidural Anesthesia

Epidural anesthesia and analgesia is typically used as an adjuvant to general anes-
thesia and as a primary modality for postoperative pain management in hysterec-
tomies and laparotomies for complex gynecologic cancer surgeries. There are few
RCTs examining the impact of epidural analgesia on ERAS principles in this popula-
tion. Table 434–38 summarizes RCTs comparing epidural analgesia for intraoperative
Table 2
Potential positive impact of neuraxial anesthetic techniques on enhanced recovery principles

ERAS Principle Positive Impact of Regional Anesthesia

Attenuation of physiologic
surgical stress response

Reduced endocrine and metabolic response to surgery18

Thoracic epidurals reduced the incidence of myocardial
infarction19

Reduction of inflammation Reduced inflammatory markers20

Maintenance of normothermia Inhibits physiologic demand of shivering21

Nausea and vomiting prophylaxis Less nausea and vomiting than opioids if local anesthetics
are used alone22

Optimization of oxygen delivery Improve oxygen delivery23

Reduced pulmonary complications24

Opioid-sparing multimodal
pain management

Reduces opioid consumption25

Excellent analgesia22,26

Reduce chronic pain27

Optimization of sleep Excellent analgesia22,26

Ileus prevention/early feeding Promote gastric motility22

Early mobilization Thoracic epidural can promote early mobilization as a
result of excellent pain control 22

Thromboembolic prophylaxis Reduced deep vein thrombosis and pulmonary
embolism32



Table 3
Summary of RCTs showing the impact of spinal anesthesia on ERAS outcomes

Type of Surgery Study
Anesthetic Technique
(Number of Patients)

Anesthetic Medication
Administered Other ERAS Interventions ERAS Outcomes

Vaginal
hysterectomya

� urogynecologic
pelvic organ
prolapse surgery

Sprung
et al,29

2006

Spinal anesthesia
(N 5 45)

IT: bupivacaine 1

clonidine 1 morphine
(�200 mg)

S: midazolam 1 propofol

Ketorolac 30 mg once Favors spinal:
Reducedmorphine request rate in recovery

room (70% vs 11%)
Reduced morphine use in first 12 h

(median 7.9 vs 14.8 mg)
More patients with no pain at

postoperative wk 2 (69% vs 48%)
No difference:
Request for antiemetic medications
Hospital length of stay
Functional status at 12 wkb

General anesthesia
(N 5 44)

I: thiopental 1 fentanyl
M: isoflurane 1 N2O 1

morphine

Abdominal
hysterectomya

Castro-
Alves
et al,30

2011

Spinal anesthesia
(N 5 34)

IT: Bupivacaine 1

fentanyl 1 morphine
(60 mg)

S: Midazolam

Scheduled ketoprofen
and metamizole

Standardized antiemetic
regimen
(dexamethasone 1

ondansetron, rescue:
metoclopramide)

Favors spinal:
Higher quality of recovery scores at 24 hc

(median difference of 17)
Lower pain scores at rest and coughing at

24 h (4 vs 0 and 5 vs 2, respectively)
Reduced morphine use in PACU (6 vs 0 mg)
Reduced incidence of nausea (32% vs 12%)

General anesthesia
(N 5 34)

I: propofol 1 fentanyl
M: isoflurane 1 fentanyl

Abdominal
hysterectomya

Borendal
Wodlin
et al,31

2011

Spinal anesthesia
(N 5 82)

IT: bupivacaine 1

morphine (200 mg)
Counseling regarding

surgical procedure
Preoperative paracetamol
Postoperative scheduled

paracetamol and NSAID
(not specified)

Early mobilization
Early feeding

Favors spinal:
More cost-effective ($969 savings per

patient)
Shorter recovery room length of stay

(median 282 vs 234 min)
Improved HRQoL scoresd

General anesthesia
(N 5 80)

I and M: propofol 1
fentanyl
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Abdominal
hysterectomye

Massicotte
et al,32

2009

Spinal anesthesia
(N 5 20)

IT: bupivacaine 1

fentanyl 1 morphine
(150 mg)

S: midazolam

No premedication
Postoperative scheduled

indomethacin

Favors spinal:
Reduced morphine use in first 48 h

(median 19 vs 81 mg)
Shorter recovery room length of stay

(median 52 vs 73 min)
Lower pain scores until the eighteenth

hour (w30–50 lower VAS on a 100 VAS
scale)

Shorter hospital length of stay (median 2.2
vs 3.3 d)

No difference:
Nausea/vomiting

General anesthesia
(N 5 20)

I: propofol 1 sufentanil
M: desflurane 1

sufentanil

Abdominal
hysterectomya

Vaida
et al,33

2000

Spinal and general
anesthesia
(N 5 15)

IT: bupivacaine
I: midazolam
M: isoflurane 1 N2O

None Favors spinal:
Longer time to first request of analgesia

(median 48 vs 9 min)
Reduced opioid use in recovery room and

from 2–24 h (median 32 vs 40.5 mg)
General anesthesia
(N 5 15)

I: midazolam
M: isoflurane 1 N2O

Abbreviations: HRQoL, health-related quality of life; I, induction; IT, intrathecal; M, maintenance; N2O, nitrous oxide; PACU, postanesthesia care unit; S, sedation;
VAS, visual analog scale.

a Benign indication.
b Functional status as measured by the validated Short Form 36 health survey, which includes patient-perceived physical and social functioning, physical and

emotional activity limitations, mental health, vitality, and general health assessment.
c Quality of recovery (QoR) score QoR-40 assesses physical comfort, physical independence, emotional state, psychological support, and pain. A 10-point differ-

ence in score reflects a 15% improvement in QoR.
d HRQoL assesses mobility, self-care, ability to undertake usual activities, pain/discomfort, anxiety/depression. A score of 0 indicates death, 1 indicates full health.
e Malignant and benign indication.
Data from Refs.29–33
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Table 4
Summary of RCTs showing the impact of epidural anesthesia on ERAS outcomes

Type of Surgery Study
Anesthetic Technique
(Number of Patients)

Anesthetic Medication
Administered

Other ERAS
Interventions ERAS Outcomes

Gynecologic cancer
surgery

Ferguson
et al,34 2009

Preincision epidural
anesthesia 1 general
anesthesia (N 5 67)

PreE: bupivacaine 1

morphine for 24 h
I and M: not specified

Scheduled ketorolac
for 48 h

Early mobilization
POD 1

Early feeding POD 1
Thromboembolic
prophylaxis

Favors epidural:
Lower mean pain scores at rest POD 1
(VAS 3.3 vs 4.3)

Lower mean pain scores at rest on POD
2, 3, 4 (VAS 5.5, 5.0, 4.7 vs 6.7, 5.5, 5.7,
respectively)

Higher patient satisfaction
No difference:

Combined postoperative complications
Nausea/vomiting
Hospital length of stay

General anesthesia
(N 5 68)

I and M: not specified

Major gynecologic
surgerya

Katz et al,35

2003
Preincision epidural

anesthesia 1 general
anesthesia (N 5 45)

PreE: lidocaine 1

epinephrine 1

fentanyl 1 dose
PostE: saline
I: thiopental
M: N2O 1 isoflurane

None specified Favors preincision then postincision
epidural over control:
Cumulative 24 h morphine use lowest
in preincision epidural (preE 57 mg vs
postE 59 mg vs control 72 mg)

Cumulative 48 h morphine use lowest
in preincision epidural (preE 90 mg vs
postE 95 mg vs control 113 mg)

Postincision epidural
injection 1 general
anesthesia (N 5 49)

PreE: saline
PostE: lidocaine 1

epinephrine 1

fentanyl 1 dose
I: thiopental
M: N2O 1 isofluran

Sham epidural 1 general
anesthesia (N 5 47)

PreE: saline
PostE: saline
I: thiopental 1 fentanyl
M: N2O 1 isoflurane
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Abdominal
hysterectomyb

Jorgensen
et al,36 2001

Preincision epidural
injection 1 general
anesthesia (N 5 20)

PreE: lidocaine
PostE: bupivacaine

for 24 h
I and M: see below

Scheduled
paracetamol for
48 h and ketorolac
for 72 h

Early feeding
Discharge planning

Favor preincision epidural (no differences
between postE or control groups):
Reduced pain scores during rest,

coughing and movement for 24 h
(VAS lower by 30 than other 2
groups)

Reduced requests for morphine
(60%–70% fewer requests than
other 2 groups)

Shorter time to first flatus
No difference:
Nausea/vomiting
Time to first defecation
Readiness for discharge

Postincision epidural
injection 1 general
anesthesia (N 5 20)

PreE: saline
PostE: bupivacaine

for 24 h
I and M: see below

General anesthesia
(N 5 20)

I: propofol 1
alfentanil 1 fentanyl

M: propofol 1 fentanyl

Abdominal
hysterectomyb

Chinachoti
et al,37 2002

Preincision and
postincision epidural 1
general anesthesia

PreE: ropivacaine
PostE: ropivacaine

for 24 h

Ketorolac for 24 h Favors continuing postoperative
epidural:
Lower pain scores at rest (difference of

w30 VAS, AUCM pain difference –11)
Lower pain scores during coughing

(difference of w30 VAS, AUCM pain
difference �11)

Equivalent:
Time to first mobilization

Preincision epidural 1
general anesthesia

PreE: ropivacaine
PostE: saline for 24 h

(continued on next page)
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Table 4
(continued )

Type of Surgery Study
Anesthetic Technique
(Number of Patients)

Anesthetic Medication
Administered

Other E S
Interve ons ERAS Outcomes

Abdominal
hysterectomyc

Wattwil
et al,38 1989

Preincision epidural 1
general anesthesia
(N 5 20)

PreE: bupivacaine for
26–30 h

I: thiopental
M: isoflurane 1 N2O

None sp ified Favors epidural:
Reduced pain scores (VAS mean 1.9

vs 4.4)
Shorter time to first flatus (mean 31

vs 58 h)
Shorter time to first defecation (mean

70 vs 103 h)
Lower postoperative blood glucose at

3, 6, 9 h
No difference:
Hospital length of stay

General anesthesia
(N 5 20)

I: thiopental
M: isoflurane 1 N2O

Abbreviations: AUCM, area under the curve measurement; I, induction; M, maintenance; N2O, nitro oxide; POD, postoperative day; PostE, epidural injection
after incision or procedure; PreE, epidural injection before incision; VAS, visual analog scale.

a Abdominal hysterectomy (malignant and benign indication, midline and horizontal incisions), m mectomy, salpingo-oophorectomy, ovarian cystectomy.
b Indication not specified.
c Malignant and benign indication.
Data from Refs.34–38
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and postoperative pain management with an opioid-based analgesic regimen alone
after general anesthesia. Overall, these studies confirm the superiority of epidural
analgesia compared with patient-controlled opioid analgesia for postoperative pain
management after major gynecologic surgery.34–38 Two studies reported improved
gastrointestinal function.36,38 However, none of these studies reported that epidurals
could shorten the hospital length of stay despite improved pain control, reduced
opioid consumption, and faster return of gastrointestinal function.34,36,38 This finding
highlights the importance of incorporating other ERAS principles to optimize patient
outcomes.

Impact of epidural infusion medications on outcomes with epidural analgesia
A Cochrane database review including 22 studies22 concluded that epidural analgesia
promotes faster return of bowel function compared with intravenous (IV) opioids, but
there were not enough studies to ascertain whether epidural local anesthetic alone
promotes faster return of bowel compared with epidural local anesthetic with opioid.
Two RCTs39,40 reported slower uptake of paracetamol (an indirect measure of gastric
motility) in volunteers and patients receiving epidural morphine or fentanyl, with no ef-
fect on gastric motility in those receiving local anesthetic alone. In 1 RCT in major gy-
necologic surgery,41 the incidence of PONV was lower and the hospital length of stay
shorter with epidural bupivacaine 1 fentanyl compared with epidural bupivacaine 1
morphine, with no difference in return of bowel function. Four studies in the gyneco-
logic surgery population36,38,42,43 reported faster return of bowel function in patients
receiving epidural local anesthetic alone compared with a combination of local anes-
thetic with opioids. Although the meta-analysis22 reported that a combination of local
anesthetic and opioid provides better postoperative pain control than local anesthetic
alone, both groups had very low postoperative pain scores, and it may be beneficial to
avoid epidural opioids (morphine in particular) to promote faster return of bowel func-
tion and add them into the epidural solution only if there is inadequate analgesia.

Impact of epidural anesthesia on survival in gynecologic cancer surgery
Retrospective and nonrandomized prospective trials report conflicting evidence of
beneficial44–47 or detrimental effect48,49 of epidural analgesia with regards to tumor
spread and survival in gynecologic oncology surgeries. Most retrospective trials,50–52

but not all,53 report possible survival benefit in women receiving epidural analgesia for
gynecologic malignancies. Some studies15,54 suggest that epidurals may inhibit tumor
spread and growth because of intrinsic tumor suppression properties of local anes-
thetics and minimizing opioid-induced and surgically induced immunosuppression.
On the other hand, an RCT in women undergoing surgery for ovarian cancer55 re-
ported that patients receiving combined epidural and general anesthesia showed
higher antitumorigenic cytokines and natural killer cell cytotoxicity than women
receiving general anesthesia alone.

Other Regional Anesthetic Techniques Combined with General Anesthesia

Transversus abdominis plane block
Transversus abdominis plane (TAP) block can be used for Pfannenstiel or midline
incisions. A meta-analysis of 5 studies56 reported reduction in 24-hour pain scores
and opioid consumption (reduced morphine equivalents by 5–19 mg) in patients
who received a TAP block compared with no block for major open gynecologic
surgery. In a meta-analysis of 10 studies in all-type laparoscopic surgery,57 3 of which
were gynecologic, TAP blocks were shown to be effective in reducing postoperative
pain scores and opioid consumption, particularly when administered preoperatively.
The TAP block has shown conflicting data with regard to improvement in quality of
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recovery scores or opioid consumption after laparoscopic gynecologic surgery, but in
line with the conclusions of the meta-analysis, it may be that the timing of TAP block
administration was the difference between benefit (preoperative)58 and no benefit
(postoperative).59

One prospective, case-matched study in laparoscopic colorectal surgery incorpo-
rated TAP blocks into an established ERAS protocol, enabling further reduction of
postoperative pain, opioid consumption, and hospital length of stay (median of 3 d
vs 2 d).60 The benefits of TAP blocks should be further studied in RCTs to assess their
value as a part of ERAS protocols in gynecologic surgery.

Local anesthetic wound infusion
A large systematic review of 45 RCTs61 reported that surgical wound catheter infiltra-
tion with local anesthetic provides effective postoperative analgesia, reducing overall
pain scores and minimizing opioid consumption compared with an opioid-based
analgesic technique. Although there were positive results for the subcategory of
gynecology-urology procedures, cesarean sections and prostatectomies comprised
50% of these studies. A summary of studies in gynecologic surgery alone is pre-
sented in Table 5. For major gynecologic surgery, the benefits of subcutaneous local
anesthetic wound infiltration were seen only with larger-volume (9 mL) intermittent
boluses62 but not lower-volume (2 mL) continuous local anesthetic infusions.63,64

The location of the catheter is important to provide effective analgesia, because
even higher-volume local anesthetic infiltration below the muscle layers did not pro-
vide effective analgesia as subcutaneous and intraperitoneal infiltration cathe-
ters.62,65,66 Subcutaneous infiltration provided better patient satisfaction and lower
pain scores and opioid consumption when compared directly with intraperitoneal
infiltration.65,67

Local anesthetic wound infiltration
RCTs using incisional and deep would infiltration with local anesthetic before skin
closure did not reduce opioid consumption in patients undergoing hysterec-
tomy.68,69 RCTs studying preincisional local anesthetic infiltration reported a mini-
mal reduction in opioid consumption in hysterectomies70 and no opioid-sparing
effect in laparotomies for gynecologic cancer.71 Neither preincisional nor postinci-
sional local anesthetic wound infiltration was effective in reducing pain scores or
opioid consumption for laparoscopic gynecologic surgery.72 Only 1 study in highly
motivated patients undergoing pelvic organ prolapse surgery73 reported that this
surgery could be performed under local anesthetic infiltration alone, and compared
with general anesthesia, this technique was more cost effective, but no benefit
was seen in opioid use, PONV, or hospital length of stay. Taken together, these trials
show little to no effect of local anesthetic wound infiltration for gynecologic
surgeries.

Intraperitoneal local anesthetics
The analgesic effect of intraperitoneal administration of a single dose of local anes-
thetics intraoperatively in patients undergoing open abdominal hysterectomy has
yielded conflicting results.74,75 However, a meta-analysis has confirmed the analgesic
efficacy of continuous infusion of intraperitoneal local anesthetics.76 Up to 40%
opioid-sparing effects were reported with this technique after open abdominal hyster-
ectomy,77 with better efficacy using a patient-controlled technique compared with a
continuous infusion.78 Opioid-sparing effects of intraperitoneal lidocaine were greater
compared with IV lidocaine after abdominal hysterectomy.79
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OTHER OPIOID-SPARING MULTIMODAL ANALGESIC STRATEGIES FOR MAJOR
GYNECOLOGIC SURGERY
g-Aminobutyric Acid Analogs

In a recent meta-analysis of 6 RCTs,80 preoperatively administered pregabalin
reduced 24-hour morphine consumption (weighted mean difference �8.5 mg [95%
confidence interval (CI), �5.71 to �11.29]) and postoperative pain scores compared
with controls after major gynecologic surgery. There was a significant reduction in
PONV with pregabalin at the expense of increased dizziness.80 The dose range was
100 to 300 mg once or repeated every 8 to 12 hours.80 A recent meta-analysis81 sug-
gested that for acute pain outcomes, there does not seem to be a significant benefit
from repeated doses of pregabalin compared with a single dose administered before
surgery and that analgesia was comparable with doses ranging from 100 to 300 mg.
In a meta-analysis of 14 RCTs using preoperative gabapentin for abdominal hyster-

ectomy,82 overall 24-hour morphine consumption was reduced from 24.3 to 55.9 mg
to 13.2 to 42.7 mg, with a standardized mean difference of �0.67 (95% CI �1.2 to
�0.07). When gabapentin was used preoperatively and postoperatively, the 24-hour
morphine consumption was reduced from 25.7 to 80 mg to 20.3 to 55 mg, with a stan-
dardized mean difference of �1.45 (95% CI �1.79 to �1.11).82 Most studies adminis-
tered gabapentin 1 to 2 hours preoperatively in a single dose of 1200 mg or with
smaller doses of 100 to 400 mg administered every 6 to 8 hours.82 Dose-ranging
studies in other patient populations suggest that the minimum effective dose of pre-
operative gabapentin is 600 mg.83 PONV was also reduced in the gabapentin group,
with no increased incidence of somnolence or dizziness compared with the control
group.82 Similar to pregabalin, combined preoperative and postoperative doses of
gabapentin did not confer advantages compared with preoperative-only administra-
tion.82 The potential side effects of these 2 drugs reported in meta-analyses of their
perioperative use include sedation and visual disturbances.81

Arachidonic Acid Metabolism Inhibitors

Arachidonic acid is converted into prostaglandins via 2 cyclooxygenase (COX-1 and
COX-2) pathways.84 The uterus expresses both COX-1 and COX-2 at different levels
throughout the menstrual cycle, making these ideal medications for use in gynecologic
surgeries.84

In a meta-analysis of nonsteroidal antiinflammatory drugs (NSAIDs) and COX-2 in-
hibitors in all types of surgery, morphine-sparing effects of those agents were compa-
rable with an approximate average reduction of 10 mg of morphine in 24 hours
compared with placebo,85 but the reduction in opioid-related side effects such as
nausea was seen only with NSAIDs. The opioid-sparing effect of these agents ranged
from 22% to 50% in different studies in patients undergoing gynecologic surgery.86–96

Although increased risk of bleeding is a theoretical concern with perioperative use of
NSAIDs, a recent meta-analysis97 suggested that perioperative ketorolac does not in-
crease risk of bleeding.

Paracetamol (Acetaminophen) and Propacetamol

The IV formulation of paracetamol has been available in Europe since 2001 and was
approved in the United States in 2010. Systematic reviews85,98 show that both para-
cetamol and propacetamol reduce opioid consumption by 30%, which is equally effi-
cacious to NSAIDs in the postoperative period for all-type surgery. Most studies in the
gynecologic surgery population report an opioid-sparing effect of 30% to 40% with a
1-g to 2-g once-daily or twice-daily dosing regimen.99–101 These agents have been



Table 5
Summary of the effects of wound infiltration catheters using local anesthetics on ERAS principles in major gynecologic surgery

Type of Surgery Study
Group Allocation
(Number of patients)

Wound Infiltration
Catheter

Other ERAS
Interventions ERAS Outcomes

Laparotomy for
gynecologic
cancera

Kushner
et al,64 2005

LA catheter group
(N 5 40)

Control catheter
group (N 5 40)

Location: subcutaneous
Infusion: continuous

bupivacaine 0.5% or
saline at 2 mL/h

None specified No difference:
Pain scores
Opioid consumption
Time to first defecation
Hospital length of stay

Abdominal
hysterectomyb

Leong
et al,63 2002

LA catheter group
(N 5 26)

Control group: no
catheter (N 5 26)

Location: subcutaneous
Infusion: continuous

bupivacaine 0.5%
at 2 mL/h

None specified No difference:
Pain scores
Opioid consumption

Abdominal
hysterectomyc

Zohar
et al,62 2001

LA catheter group
(N 5 18)

Control catheter
group (N 5 18)

Location: subcutaneous
Infusion: PCA
Bupivacaine 0.25% or

saline �9 mL/h

Multimodal
analgesia
regimen

Favors subcutaneous instillation with LA:
Reduced pain scores (VAS w20 lower)
Reduced morphine consumption in

recovery room (mean 6 vs 12 mg)
Reduced meperidine consumption overall

(mean 29 vs 95 mg)
Lower incidence of nausea (antiemetic

treatment 44% vs 100%)
Higher patient satisfaction (78% vs 39%

rated analgesia good or excellent)
Shorter hospital length of stay (6 vs 7 d)
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Abdominal
hysterectomyb

Kristensen
et al,66 1999

LA catheter group
(N 5 22)

Control catheter
group (N 5 19)

Location: bilateral
catheters on each side
of the incision, below
muscle layer, above
peritoneum

Infusion:
bupivacaine 0.25%
or saline 15 mL each
catheter every 4 h

None specified No difference:
Pain scores
Opioid consumption

Abdominal
hysterectomyb

Gupta
et al,65 2004

LA catheter group
(N 5 20)

Control catheter
group (N 5 20)

Location:
intraperitoneal
supracervical area

Infusion:
levobupivacaine
0.25% or saline at
5 mL/h

None specified Favors intraperitoneal instillation with LA
Lower pain scores first 2 h (VAS w20 lower)
Reduced ketobemidone consumption

at 4–24 h (mean 19 vs 31 mg)
Reduced incidence of nausea (15% vs 50%)

No difference:
Hospital length of stay
Time to mobilization

Abbreviations: LA, local anesthetic; PCA, patient-controlled analgesia.
a Malignant and benign indication.
b Benign indication.
c Indication not specified.
Data from Refs.62–66
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compared directly with NSAIDs in the gynecologic surgery patient population, with
equal efficacy to ketorolac102 but slightly less efficacy compared with diclofenac.87,103

A recent systematic review104 also reported a reduction in PONV with the use of IV
paracetamol. Additional opioid-sparing effects and PONV reduction are obtained
when combining NSAIDs with paracetamol than either drug alone.103,105

Lidocaine Infusion

Meta-analyses and systematic reviews106,107 reported that IV lidocaine infusions
reduced postoperative pain, decreased opioid consumption, led to faster return of
bowel function, and shortened hospital length of stay in abdominal surgeries. How-
ever, studies of patients undergoing open or laparoscopic hysterectomy have not
shown benefits in reducing pain scores, opioid consumption, improving quality of re-
covery, or shortening hospital stays,108–110 except for some reduction in inflammatory
mediators and pain scores in the early postoperative period in 1 study.110 The lack of
analgesic benefit may be because the lidocaine infusions were used only in the intra-
operative period in these trials. Although many studies of other abdominal surgeries
continued the lidocaine infusion in the postoperative period, some studies also re-
ported benefit after administration only in the intraoperative period.106

Ketamine Infusion

A meta-analysis of 70 studies111 concluded that ketamine infusions improve postop-
erative analgesia and reduce opioid consumption, particularly in upper abdominal,
thoracic, and major orthopedic procedures. Studies of ketamine use in women under-
going gynecologic surgery have yielded conflicting results. In an RCT in patients un-
dergoing hysterectomy, an intraoperative ketamine infusion reduced morphine
consumption by 35%, improved pain scores at 8 to 12 hours after surgery, and
improved patient satisfaction with analgesia but did not promote faster return of bowel
function or faster ambulation or reduce hospital length of stay.112 Another RCT in a gy-
necologic surgery patient population113 found that a preincision bolus followed by an
intraoperative infusion or a bolus of ketamine at wound closure was more effective at
reducing pain scores and morphine consumption (by 50%) than 1 preincision dose of
ketamine. In patients undergoing myomectomies or hysterectomies for fibroids, no
difference in pain scores or opioid consumption was found after a preincision bolus
and intraoperative and postoperative infusion of ketamine.108 The ketamine infusion
dosing regimens varied greatly between studies, with initial dosing of 0.3 mg/kg to
0.5 mg/kg and a continuous infusion of 50 mg to 600 mg/kg/h intraoperatively only or
up to 24 hours postoperatively.108,112,113 It is unclear whether ketamine would provide
routine benefit to gynecologic surgery patients or its use should be limited to certain
patients, such as those with chronic pain conditions who are on long-term opioids.
REDUCING POSTOPERATIVE NAUSEA AND VOMITING AFTER MAJOR GYNECOLOGIC
SURGERY

The Apfel simplified risk score for prediction of PONV includes 4 factors: female
gender, history of PONV or motion sickness, nonsmoking status, and need for post-
operative opioids.114 Most women in the United States (82%) are nonsmokers, and
major gynecologic surgery requires postoperative opioids, so this patient population
typically has starting PONV risk of 60% according to the Apfel score.115 Furthermore,
although it has been debated whether the type of surgery is a risk factor for PONV, a
meta-analysis of risk factors116 reported that gynecologic surgery is an independent
risk factor for PONV.



Evidence-Based Anesthesia for Gynecologic Surgery 193
The Society for Ambulatory Anesthesia consensus guidelines for PONV recommend
combination antiemetic therapy in this high-risk patient population and adoption of
strategies to reduce the baseline risk of PONV.117

STRATEGIES TO REDUCE THE BASELINE RISK OF POSTOPERATIVE NAUSEA AND
VOMITING
Avoid General Anesthesia by Using Regional Anesthesia

The use of regional anesthesia has been associated with up to 9-fold reduction in the
incidence of PONV.118 However, the influence of neuraxial analgesia on PONV is
variable, depending on the technique used and the type of epidural medications
administered. Compared with general anesthesia with an opioid-based analgesic
technique, spinal anesthesia reduces PONV only if no or low-dose (60 mg) intrathecal
morphine is used.33,119

Most studies using epidural analgesia for major gynecologic surgery combine this
technique with general anesthesia, and this might not reduce PONV. Callesen and
colleagues119 compared PONV rates between an opioid-free combined spinal-
epidural (CSE) technique (local anesthetic alone) and a general anesthetic group
with epidural analgesia (local anesthetic and opioid) in patients undergoing hysterec-
tomy. The cumulative 72-hour incidence of PONV was 50% in the CSE group and
100% in the combined general anesthetic with epidural group.119 However, the
need for supplementary opioids was higher in the CSE group.

Avoid Inhaled Agents and Nitrous Oxide if General Anesthesia Is Used

Inhaled agents increase the risk of PONV, particularly in the early postoperative
period.120 Nitrous oxide is associated with increased risk of PONV, particularly in
women.121 Total IV anesthesia with propofol is associated with a reduction in the
risk of PONV, particularly in the first 6 hours after surgery, with a number needed to
treat of 5.122

Minimize Intraoperative and Postoperative Opioids

Opioid-sparing techniques are an integral part of ERAS protocols, because they not
only reduce PONV but also affect other opioid-related side effects that can affect
patients’ recovery and delay discharge, such as sedation and postoperative ileus.
Despite the opioid-sparing effects of these interventions, their effects on reducing
PONV are not consistent. A reduction in the risk of PONV was reported with intra-
peritoneal local anesthetic instillation catheters77,79 but not with TAP blocks or subcu-
taneous infiltration catheters.56,62,65 The g-aminobutyric acid analogs show consistent
reduction in PONV.80,82 A meta-analysis including all types of surgery123 reported a
reduction in PONV with NSAIDs but not with COX-2 inhibitors. In a systematic review
of 30 RCTs, IV paracetamol provided better analgesia and reduced PONV, despite no
reduction in opioid consumption.98,104

Adequate Hydration

Intraoperative fluid management and its effects on ERAS principles, including PONV,
seem to be highly dependent on the surgery, more specifically the length and extent of
surgical damage. A systematic review of 80 studies124 concluded that in minor and
moderate ambulatory surgeries, including laparoscopic gynecologic surgeries,
PONV could be reduced in patients receiving more liberal regimens (1–2 L of fluid).
In 1 RCT in women with 2 to 4 risk factors for PONV having laparoscopic gynecologic
surgery,125 the liberal fluid group (3 mL/kg/h of fasting) had lower rates of PONV (59%
vs 87%) than the restrictive group (2 mL/kg/h of fasting). Lower PONV rates were also



Table 6
Summary of goal-directed fluid therapy on ERAS outcomes for major gynecologic surgery

Reference,
Surgery Type Study Type Description of Fluid Management (Number of Patients)

Other ERAS
Interventions Summary of ERAS Outcomes

McKenny
et al,131 2013

Laparotomy
gynecologic
cancer
surgery

RCT Control (N 5 50) Intervention (N 5 51) No ERAS
protocol
in the
gynecologic
surgery
population
at this
institution

No reduction in hospital
length of stay

No difference in postoperative
morbidity score

No difference in gastrointestinal
recovery

Fluid management at the
anesthesiologist’s
discretion for:
Urine output <0.5 mL/kg/h
Unspecified increase in

heart rate
Unspecified decrease in SBP
Unspecified decrease in CVP
Replacement of estimated

intraoperative losses

SV measurement via esophageal
Doppler US

Algorithm: HES administered 3 mL/kg
X1
SV >10% response, give another

3 mL/kg, until SV responds <10%,
SV <10% response, repeat SV

measurement 15 min.

Chattopadhyay
et al,132 2013

Laparotomy
gynecologic
cancer
surgery

Prospective
observational
study

Control
Advanced stage (N 5 62)
Early stage (N 5 57)

Intervention
Advanced stage (N 5 44)
Early stage (N 5 35)

No ERAS
protocol
specified

Favors goal-directed therapy in
advanced-stage disease only:
Goal-directed fluid therapy

associated with earlier
postoperative recoverya

(OR 2.8)
Less PONV in goal-directed

therapy (9% vs 24%)

Hemodynamic-based fluid
management

Not specified

SV measurement via esophageal
Doppler US

No algorithm specified
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Gan et al,133

2002
Mixed major

abdominal
surgeryb

RCT Control (N 5 50) Intervention (N 5 50) No ERAS
protocol
specified

Favors goal-directed therapy:
Shorter length of hospital

stay in goal-directed
therapy (median 5 vs 7 d)

Faster oral intake (3 vs 4.7 d)
Less PONV requiring

antiemetic therapy
(14% vs 36%)

Bolus 5 mL/kg LR followed
by 5 mL/kg/h infusion
during surgery

Bolus 5 mL/kg LR followed by 5 mL/
kg/h infusion during surgery

Algorithm:
200 mL HES if FTcc <0.35 s
If SV > or 5 by the fluid challenge

and FTc <0.35 s: fluid challenge
was repeated

If SV >10% and FTc >0.35 s, fluid
challenge repeated until no
further increase in SV occurred

If FTc >0.40 s and 5 SV, further fluid
was not given until SV decreased
by 10% of the last value

Abbreviations: CVP, central venous pressure; FTc, corrected flow time; HES, hydroxyethyl starch; LR, lactated Ringer; OR, odds ratio; SBP, systolic blood pressure; SV,
stroke volume; US, ultrasonography.

a Early postoperative recovery defined as �2 of the following: mobilization on the first postoperative day, oral diet resumption on postoperative day 1; and
return of bowel function on postoperative day 4 or earlier.

b Major elective general, urologic, or gynecologic surgery with anticipated blood loss >500 mL.
c FTc: aortic systolic flow time corrected for heart rate: index of systemic vascular resistance that is sensitive to changes in left ventricular preload.
Data from Refs.131–133
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reported126 in patients undergoing either laparoscopic gynecologic procedure or a
cholecystectomy in a liberal fluid management group 15 mL/kg bolus (23%) versus
the conservative fluid management group 2 mg/kg bolus (73%). A meta-analysis
including 15 studies, 11 of which included patients undergoing gynecologic surgery,
reported that compared with conservative fluid regimens, administration of supple-
mental IV crystalloids reduced the risk of early postoperative nausea (relative risk
0.73, 95% CI 0.59–0.89), postoperative nausea at 24-hour (relative risk 0.41, 95%
CI 0.22–0.76), and overall 24-hour postoperative nausea (relative risk 0.66, 95% CI
0.46–0.95). Liberal IV crystalloids also reduced overall 24-hour PONV (relative risk
0.48, 95% CI 0.29–0.79), late PONV (relative risk 0.27, 95% CI 0.13–0.54), and overall
24-hour PONV (relative risk 0.59, 95%CI 0.42–0.84), as well as the need for antiemetic
rescue treatment (relative risk 0.56, 95% CI 0.45–0.68).127
ANTIEMETIC PROPHYLAXIS

Because the gynecologic patient population is at high risk for PONV, combination anti-
emetic therapy should be used for prophylaxis. Studies have consistently reported the
superior antiemetic efficacy of combination therapy compared with single-agent anti-
emetic prophylaxis. The multimodal approach incorporates combination antiemetic
therapy in addition to measures to reduce the baseline risk of PONV, as discussed
earlier, and should be used in high-risk patients.117 The most commonly investigated
therapies include a combination of 5-HT3 antagonists with either dexamethasone or
droperidol, with both combinations having comparable antiemetic efficacy.128,129

Longer-acting antiemetics might provide additional protection against delayed
PONV and postdischarge nausea and vomiting. Those agents include palonosetron,
transdermal scopolamine, and the neurokinin-1 receptor antagonist aprepitant, with
the last one being significantly more effective than ondansetron in prophylaxis against
vomiting in women undergoing major gynecologic surgery.130
FLUID MANAGEMENT FOR MAJOR GYNECOLOGIC SURGERY

In contrast to ambulatory surgeries, in which PONV may be the primary outcome of
concern, for major nonvascular abdominal surgeries, goal-directed fluid management
improves major outcomes, such as cardiopulmonary function, gastric motility, and
wound healing, and reduces hospital length of stay.124 However, studies investigating
goal-directed therapy in gynecologic surgery are limited. Table 6131–133 summarizes
the studies in gynecologic surgery examining the impact of intraoperative fluid admin-
istration regimen on patients’ outcomes. A meta-analysis of 32 trials by Cecconi and
colleagues134 reported that patients with the highest risk of surgical mortality
benefited the most from goal-directed therapy, which seems to be supported by 1
prospective observational trial in patients undergoing laparotomies for gynecologic
cancer.132 RCTs are clearly lacking in the gynecologic surgery population with regards
to whether goal-directed fluid therapy confers benefits in these patients.
OTHER ENHANCED RECOVERY AFTER SURGERY PRINCIPLES FOR MAJOR
GYNECOLOGIC SURGERY

Other elements of ERAS for major gynecologic surgeries include the approach to pre-
operative preparation, bowel management, surgical approach, thromboprophylaxis,
and postoperative planning. A summary of the literature regarding those elements in
the gynecologic patient population is presented in Table 7.



Table 7
Summary of outcomes in major gynecologic surgery when comparing a traditional approach
with ERAS interventions

Traditional Approach ERAS Intervention Study Outcomes

Lack of focus
on preoperative
nutrition

Improve nutritional
status

No known effective strategies identified
in patients with ovarian cancer 136

Bowel preparations No bowel preparations Bowel preparations137–139

Do not:
Prevent infection
Improve surgical visualization

Do:
Reduce patient satisfaction

Routine NG tubes No routine NG tubes NG tubes140

Do not:
Reduce postoperative ileus
Reduce aspiration

Do:
Increase aspiration risk
Increase patient discomfort

Delayed feeding Early feeding Early feeding141,142

Does:
Promote early return of bowel function
Shorten HLOS
Increase nausea

�Antibiotic
prophylaxis

Appropriate antibiotic
prophylaxis

Antibiotic prophylaxis143,144

Indicated: all open procedures
Unclear indication: some laparoscopic

procedures
Not indicated: minor or intrauterine

procedures

Open procedures Minimally invasive
procedures when
feasible

Hysterectomies1

VH vs AH: VH has less blood loss, fastest
recovery, shortest HLOS, lowest
infection rate

VH vs LH: VH has less blood loss, lower
infection rate

Laparoscopic vs open for all gynecologic
surgeries1,145

Advantage:
Less pain
Less blood loss
Shorter HLOS

Disadvantage:
Increased urinary tract injuries

Robotic146:
No RCTs comparing robotic procedures

with laparoscopic or open
procedures

(continued on next page)
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Table 7
(continued)

Traditional Approach ERAS Intervention Study Outcomes

No routine
thromboprophylaxis

Routine
thromboprophylaxis

Patients with ovarian cancer147:
Heparin SQ 3 times daily to prevent

thromboembolism
No increase in bleeding complications

Laparoscopic procedures148:
Unclear if needed in minor

laparoscopic procedures
More extensive surgeries increase the

risk of thromboembolism, so
prophylaxis warranted

Hysterectomy149:
Pharmaceutical prophylaxis highly

effective
Possible increased risk of postoperative

bleeding

Drains, tubes,
catheters placed

No drains, tubes,
catheters

Early removal of urinary catheters
reduces HLOS142

Discharge patient
when they are ready

Preplanning discharge Scant literature on this topic in
gynecology literature142

Abbreviations: AH, abdominal hysterectomy; HLOS, hospital length of stay; LH, laparoscopic hys-
terectomy; NG, nasogastric; SQ, subcutaneous; VH, vaginal hysterectomy.
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SUMMARY

� Studies on ERAS after gynecologic surgery are limited and mainly extrapolate
several ERAS principles from colorectal surgery and apply them to gynecologic
surgery to a variable extent. Similar outcome benefits, namely a reduction in
hospital length of stay, have been reported in those studies.

� Despite recommendations for use of regional anesthesia for colorectal proce-
dures, an ideal, standardized anesthetic technique has not been identified, and
thus, it is important to evaluate the best evidence for regional techniques in gy-
necologic surgery when developing ERAS guidelines in this surgical population.

� Effective regional anesthetic techniques in gynecologic surgery include spinal
anesthesia, epidural analgesia, TAP blocks, local anesthetic instillation catheters,
and intraperitoneal local anesthetic instillation.

� Effective nonopioid analgesics include pregabalin, gabapentin, NSAIDs, COX-2
inhibitors, and paracetamol.

� Ketamine infusionsmay provide benefit for some patients after major gynecologic
surgery but should not be used routinely. Lidocaine infusions, although effective in
other abdominal surgeries, provide no benefit for gynecologic surgery.

� A multimodal antiemetic strategy must be used, including strategies to reduce
the baseline risk of PONV in conjunction with combination antiemetic therapy.

� RCTs exploring fluid management strategies on ERAS outcomes in the major
gynecologic surgery population are lacking.

� Anesthesiologists should be aware of all ERAS principles from colorectal surgery
that are also beneficial in major gynecologic surgery, such as bowel manage-
ment, goal-directed fluid management strategies, timely administration of
appropriate antibiotics, and thromboprophylaxis, because many of these may
become quality measures for anesthesiologists in the future.
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KEY POINTS

� Emergency laparotomy is a common procedure with high mortality and morbidity.

� There is a diverse range of causes and surgical treatment, with up to 40% of patients
having sepsis at the time of presentation.

� Patients who are elderly often have multiple comorbidities and a mortality of up to 25%,
and for those undergoing emergency colorectal resection their life expectancy at 1 year
is around 50%.

� Patients presenting for surgery have deranged body homeostasis and gut dysfunction,
and a high incidence of sepsis; they are effectively experiencing a complication before
surgery.

� Little research has been done in this area; however, the introduction of standardized path-
ways of care expediting diagnosis, resuscitation, and sepsis management with urgent
surgery followed by critical care admission may improve outcomes.
INTRODUCTION

This article reviews the epidemiology and pathophysiology of patients presenting for
emergency intra-abdominal surgery (excluding vascular and trauma-related surgery),
particularly the generic operation known as emergency laparotomy. This procedure is
well known to every anesthesiologist who deals with emergency surgery; however, the
common factor of a surgeon opening an abdomen to manage an intra-abdominal
emergency can have multiple causes, and multiple different procedures are encom-
passed by the overarching term laparotomy. This article examines the organizational
issues that may challenge health care teams trying to optimize care for this group of
patients. It reviews the latest developments and evidence base for anesthesia and
perioperative care pathways to optimize outcomes.
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EPIDEMIOLOGY

Patients undergoing emergency general surgery (EGS) have much higher mortality
and morbidity than those patients undergoing elective or scheduled procedures. US
outcomes, using data from the American College of Surgeons (ACS) National Surgical
Quality Improvement Program (NSQIP), showed a mortality of 14% at 30 days for pa-
tients who had undergone emergency laparotomy.1 Comparison of hospital perfor-
mance in emergency versus elective general surgery, adjusted for patient-related
and operation-related risk factors, showed that emergency status was a significant
predictor for morbidity, serious morbidity, and mortality.2 Outcomes from other coun-
tries are similarly poor, with a large UK database study showing an average mortality
of 15.6%,3 and a prospective study with data from 35 hospitals showing a mortality of
14.4% overall, with mortality in patients more than 80 years of age increasing to an
average 24.4%.4 Other countries also show high average mortality, with a Danish
cohort study showing a mean mortality of 18.5% at 30 days.5 Long-term outcomes
are even worse, with only 49% of patients more than 80 years of age who had under-
gone nonelective colorectal resection alive at 1 year.6

The resource burden of emergency general surgery is high, with a 10-year analysis
of the US Nationwide Inpatient sample (2001–2010) showing that 7.1% of all hospital
admissions were related to EGS, with 29% of these patients requiring surgery; the
population-adjusted case rate of 1290 admissions per 100,000 people was higher
than the sum of all new cancer diagnoses, and has increased annually since 2001.7

Despite the volume of patient episodes, high mortality, and use of resources by this
patient group there has been, until recently, little discussion about the management of
these patients in the anesthetic or surgical literature. One of the reasons for this may
be the number and diversity of causes of EGS, ranging from an incarcerated hernia to
infarcted bowel, with an associated range of morbidity and mortality. Symons and col-
leagues3 analyzed the hospital episode statistics (HES) database of the UK National
Health Service system for EGS admissions with a greater than 5% 30-day mortality.
From a total of 367,796 patients, the investigators defined 8 groups of high-risk diag-
noses, with 30-day mortality ranging between 7.4% and 47.4%. Al-Temimi and col-
leagues1 found that the commonest indications for EGS in the NSQIP database
were intestinal obstruction (33.6%), perforation (19%), and exploratory laparotomy
with or without wound debridement or abscess drainage (10%); the strongest predic-
tors of mortality were a white blood cell count of less than 4500/mm3 or greater than
20,000 mm3, septic shock, an American Society of Anesthesiologists (ASA) class IV at
the time of surgery, age 70 years or older, and a dependent functional status. Patients
with all these risk factors present had a predicted 30-day mortality of 50%.
The studies showing poor outcomes from EGS also show significant variation be-

tween hospitals after risk adjustment, with clear high and low outlying hospitals.1–4

Hospitals with low mortality from EGS had significantly more intensive care beds
per 1000 hospital beds and made significantly greater use of computed tomography
(CT) and ultrasonography.3 Saunders and colleagues4 showed that, despite the high
mortality for patients undergoing EGS, and a Cochrane Review showing benefit for
goal-directed fluid therapy in high-risk patients,8 only 15% of patients undergoing
emergency laparotomy received intraoperative goal-directed fluid therapy. Hospital
outcomes for EGS are not consistent with performance as an elective provider (ie, a
hospital with good outcomes for elective surgery may not provide good outcomes
for EGS).2

Patient outcomes for emergency surgery are likely to be improved by prompt inves-
tigation, diagnosis, and management. The National Emergency Laparotomy Audit in
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the United Kingdom collected data on organizational facilities9 from 191 English and
Welsh hospitals performing EGS and compared them with agreed standards.10,11

Most centers met key recommendations; however, there was substantial variation be-
tween hospitals in their ability to provide optimal care, with, for example, two-thirds of
hospitals unable to provide 24-hour on-site interventional radiology. The aim of col-
lecting and publishing this type of data, which is linked to a National Audit of Emer-
gency Laparotomy outcomes,12 is to identify organizational structures, processes,
and practices that need improvement or that, more positively, may be linked to
good outcomes and from which other centers may learn.

Pathophysiology of Patients Presenting for Emergency Abdominal Surgery

Symons and colleagues3 analyzed 10 years of hospital data from the United Kingdom
and categorized the types of presentation for emergency surgical patients into 6 main
categories with a seventh to include other miscellaneous causes. When the patho-
physiologic process of intra-abdominal disorder is mapped it can be seen that pa-
tients already have a significant physiologic insult, with the development of a stress
response, gut dysfunction, insulin resistance, and a systemic inflammatory response
syndrome (SIRS) response, with up to 40% of patients having a septic focus. The
presence of hypotension secondary to sepsis has a particularly poor outcome and
delay in antibiotic administration leads to increased mortality.13 The derangement in
pathophysiology in each case depends on the patient’s physiologic, metabolic, and
immune status, the type of disorder, and the duration of injury before presentation
to hospital (Table 1).

Why are Outcomes so Poor for this Group of Patients and is there any Evidence that
Improvement Could Occur?

There are several key reasons why this group of patients may have such a poor
outcome.14 First, they can present from several sources; elderly patients in particular
may present with nonspecific abdominal pain and gut disturbance and may initially be
Table 1
Potential pathophysiologic processes that develop in emergency surgical patients

Diagnostic Group
No. of
Patients

30-d
Mortality
(%)

Length of
Stay (d)*

28-d
Readmission
(%)

Surgical
Treatment
(%)

Liver and biliary
conditions

49,611 7.4 8 (5–14) 14.8 5.1 —

Hernias with
obstruction
or gangrene

31,156 8.2 6 (3–12) 10.7 83.1 Fluid shifts/
Sepsis

Bowel obstruction 158,652 9.8 6 (3–13) 16.3 26.8 Fluid shifts

Gastrointestinal
ulcers

26,050 21.5 9 (6–17) 8.5 80.9 Bleeding

Peritonitis 28,218 27.3 9 (4–16) 18.2 25.7 Sepsis

Miscellaneous
diagnoses

27,843 28.0 11 (5–21) 16.3 39.9 Sepsis

Bowel ischemia 20,766 47.4 13 (7–23) 14.2 52.5 Sepsis/SIRS

Total 367,796 15.6 8 (4–15) 14.9 37.4 —

* Values are median (interquartile range).
Data from Symons NR, Moorthy K, Almoudaris AM, et al. Mortality in high-risk emergency gen-

eral surgical admissions. Br J Surg 2013;100:1318–25.
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presumed to have an infective problem and be managed by physicians, delaying time
to definitive surgical management. There is some evidence that mortality increases in
this group of patients.15 Second, the patients are often elderly with comorbidities and
with additional condition-related insults of sepsis and dehydration. Ingraham and col-
leagues2 found that 42.4% of patients for EGS presented with SIRS, sepsis, and septic
shock, compared with 4.3% in elective general surgery group data, supported by
another small study showing that 46% of patients requiring emergency colorectal sur-
gery presented in septic shock.16 Third, many hospitals organize their services around
elective patients with emergency general surgical patients receiving low priority; there
is considerable data to support this.2,9

Although the specialty of EGS is developing around the world,17 it is still possible to
have a complex colorectal procedure performed on a critically ill patient at night by a
general surgeon whose main expertise is in breast surgery. There is evidence to show
that availability of acute care surgeons improves outcomes in patients requiring emer-
gent colon surgery.16 Moore and colleagues16 argue that a paradigm shift is needed
for the management of patients having emergency surgery, with early evidence-
based resuscitation using Surviving Sepsis, guidelines including volume resuscitation
and early antibiotics, surgery within 6 hours of presentation, damage control laparot-
omy, and postoperative care in the intensive care unit (ICU) (Fig. 1).
The pathophysiologic insults to patients presenting for EGS are significant, as dis-

cussed earlier. It could be argued that the nature of the insult and the limited ability to
influence preoperative optimization could explain the high levels of morbidity andmor-
tality. However, case study reviews showmultiple defects in the care of these high-risk
patients. The 2011 UKNational Confidential Enquiry into Patient Outcome and Death18

examined the care of patients undergoing surgery, both elective and emergency, and
found significant deficits; for example, only 26% of high-risk patients had an arterial
line placed and only 14% had a central venous catheter. A review of high mortality
in patients undergoing colorectal surgery in Veterans Affairs hospitals (63% of the
cases were emergencies)19 showed that delay in diagnosis occurred in 19% of cases,
22% had a delay to surgery, and 14% should have received less radical surgery;
Fig. 1. Changing the way clinicians think: understanding urgency and risk. MOF, multi-or-
gan failure. (Adapted from Moore LJ, Turner KL, Jones SL, et al. Availability of acute care
surgeons improves outcomes in patients requiring emergent colon surgery. Am J Surg
2011;202(6):840; with permission.)
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system issues were identified in 19% and practitioner-related issues in 20% of the
cases of patients who died. These findings suggest that there is significant need for
improvement in perioperative management in high-risk emergency cases.
CONDUCT OF ANESTHESIA

Anesthetists face many challenges with this group of patients. The emergency presen-
tation means there is often minimal time to assess and optimize the patient before
operation. However, a short time spent assessing and resuscitating patients before in-
duction of anesthesia; ensuring that the patient has had broad-spectrum antibiotics, if
appropriate; and that they are resuscitated with satisfactory intravascular volume, car-
diac output, and oxygen delivery can lead to a more stable perioperative period.
Depending on the institute, this can be done in the operating room, an anesthetic
room, or on the ICU. Arterial line insertion and central venous line insertion can be per-
formed to assess the patient. Although a central venous line is not a good predictor of
fluid responsiveness, it is useful for delivering inotropes and to sample blood for
venous extraction. Minimally invasive cardiac output monitoring may also be of
benefit. Many anesthetists and intensivists are now becoming skilled at transthoracic
echocardiography assessment and this can be used to assess cardiac structure and
function, guide resuscitation, and identify perioperative issues such as valve stenosis
and regurgitation and areas of myocardial dyskinesia.
Many patients in this group have a SIRS response or are septic and need vasopres-

sors such as a noradrenaline infusion to maintain mean arterial pressure. Vasopressor
infusions should ideally be commenced once intravascular volume is replete to avoid
occult splanchnic hypovolemia and hypoperfusion; this may not be possible if the pa-
tient’s condition is critical, but the anesthesiologist should be aware that gut perfusion
may be compromised. In elective surgical patients the role of hemodynamic optimiza-
tion and targeting oxygen delivery is still unclear. However, Surviving Sepsis supports
early restoration and maintenance of intravascular volume and mean arterial pressure
with crystalloid and noradrenaline infusions and ensuring adequate oxygen delivery
using inotropes and blood transfusion as necessary.20

Induction and Maintenance of Anesthesia

Anesthetists should aim to induce anesthesia and rapidly secure the airway to avoid
the risk of pulmonary aspiration. A rapid sequence induction is classically performed
with a predetermined dose of induction agent, suxamethonium, and the addition of
cricoid pressure to reduce this risk. Experienced anesthetists often modify the induc-
tion by using opioids and titration of induction agents to maintain better hemodynamic
stability and use rocuronium to avoid the use of suxamethonium to enable rapid endo-
tracheal intubation. Intubation aids such as a gum elastic bougie and fiberoptic laryn-
goscopes should be immediately available. An awake fiberoptic intubation can be
performed if difficult intubation is predicted.
Anesthesia shouldbemaintainedusingoxygen-enrichedairwith a short-actinganes-

thetic such as sevofluraneor desflurane. There is noevidence to support one anesthetic
agent rather than another or to use propofol target-controlled infusions in this group.
Short-acting opioids can be used, such as fentanyl of a remifentanil infusion. Muscle
relaxation guided by a peripheral nerve stimulator should be maintained through the
procedure to help the surgeon. Fluids and blood products should be warmed and
forced-air warming used to maintain normothermia as appropriate throughout the
procedure. Some patientsmay have sepsis or a SIRS response, andmay have pyrexia,
so nasopharyngeal temperature monitoring should be used to guide warming.
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Ventilation should be done using a low tidal volume and high respiratory rate with
optimal positive end-expiratory pressure to reduce the risk of acute lung injury.21,22

In order to reduce the risk of microaspiration around the tracheal cuff, which can pre-
dispose to postoperative pneumonia, polyurethane cuffs and correctly sized endotra-
cheal tubes should be used.

ANALGESIA

In elective midline laparotomy the use of thoracic epidural analgesia (TEA) offers many
benefits in addition to analgesia, such as reduced use of opioids, reduced pulmonary
complications, reduced thromboembolic risk, reduced incidenceof ileus, and reduction
of the stress response23; however, as anemergencyprocedure its use ismoreproblem-
atic. Patients can be too unstable to insert the epidural before surgery ormay have con-
traindications such as sepsis or a coagulation disorder. Theremay be an opportunity to
insert TEA on the ICU or to use an alternative such as rectus sheath catheters, wound
catheters, and transversus abdominis plane blocks, so where possible consent should
be taken for this before anesthesia.24 Intravenousmorphine is effective and efficacious
but has the disadvantage of increasing postoperative nausea and vomiting, increasing
the risk of ileus, and increasing somnolence and sleep disturbance.

SURGERY

There is evidence that, for this group of patients, the duration of surgery is critical.25

Although patients may require a simple procedure, such as oversewing of a perfora-
tion to save their life, others require complex, difficult surgery. The concept of
damage-control surgery was first developed to minimize surgical stress for patients
following major trauma; however, the concept can equally be applied to those patients
undergoing emergency surgery for nontrauma intra-abdominal disorders.26 If the pa-
tient is septic, urgent source control of the sepsis is required. For many procedures
encompassed by the term emergency laparotomy, the surgeon must consider
whether a primary anastomosis and closure of the patient’s abdomen are appropriate
at the time of the initial surgery, or whether these procedures should be delayed until
the patient’s physiologic state has improved.16,26,27

POSTOPERATIVE CARE

Although in most elective surgical cases it is the intention of the anesthetist to wake
and extubate the patient at the end of surgery, the physiologic processes in this group
of patients may require a period of postoperative ventilatory support in the ICU to opti-
mize outcome. Reasons for this include:

� Septic shock with an oxygen deficit and increased lactate level
� Hemodynamic instability or the need for large doses of vasopressors and
inotropes

� Significant acidosis
� Massive bleeding with coagulopathy
� Requirement for renal support/continuous venovenous hemodialysis
� Abdominal distension that can cause significant reduction in functional residual
capacity so that there would be respiratory compromise at extubation

Careful assessment should be made of patients before extubation. Depending on
the length and nature of the intra-abdominal surgery, reassessment of the patient’s
predicted outcome using a scoring system taking into account blood loss,
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temperature, blood glucose, lactate, and surgical findings is likely to be justified.28

Depending on the results of this assessment an informed decision can be made about
whether or not the patient should be extubated, and what level of postoperative care is
needed.
Evidence suggests that postoperative management is an area in which major im-

provements in care could be made for patients having EGS.29 In an important article
examining determinants of long-term survival after major surgery, the occurrence of a
30-day postoperative complication was more important than preoperative patient risk
and intraoperative factors in determining survival after major surgery. The complica-
tions with the greatest impact, pneumonia and myocardial infarction occurring within
30 days of surgery, reduced survival up to 5 years after surgery. This article and others
from the ACS NSQIP program also show that, when attention is paid to quality and
process improvement in perioperative care, outcomes even for high-risk patients
improve. Hall and colleagues30 reported on 118 hospitals participating in the NSQIP
programme; 66% of hospitals improved risk-adjusted mortality and 82% improved
risk-adjusted complication rates. There was a correlation between initial observed/ex-
pected outcome ratios and the degree of improvement, initially worse-performing hos-
pitals had more likelihood of improvement but hospitals that originally performed well
also improved and the variation in outcome was reduced.
Preventing mortality and morbidity in patients undergoing EGS may require

improved postoperative monitoring to detect and manage complications early. Gha-
feri and colleagues31 described high-mortality and low-mortality surgical hospitals,
and these hospitals had similar rates of major complications and postoperative com-
plications overall; what determined the different rates of death between low-mortality
and high-mortality hospitals seemed to be the timely recognition and management of
complications when they occurred, which may be best achieved by admission to a
critical care bed. Although there are many scoring systems that can be used to assess
operative risk,32 there is little evidence that these are routinely used to enhance deci-
sion making about postoperative location for the emergency patient,12 and triage may
be required when bed availability is limited.33 High-risk patients undergoing EGS may
not always get optimal postoperative care andmay be less likely to be admitted to crit-
ical care than patients undergoing major elective procedures with much lower mortal-
ity.34–36 Most patients undergoing emergency laparotomy are likely to need critical
care. The Emergency Laparotomy Network report found that patients who were
more than 65 years of age and/or ASA III or more had a mortality of greater than
10%; these are criteria for ICU admission by most standards, but 33% of these pa-
tients were not admitted to a monitored bed postoperatively.4 One of the suggested
reasons for the high mortality (18.5% at 30 days and 24% at 90 days) of patients in
the Danish cohort study5 was that 84% of the patients did not receive any postoper-
ative critical care.
Older patients (>65 years) are at substantially greater risk for adverse events

following EGS procedures, with evidence of substantial variation in the quality of
care delivered.37,38 When variation exists it is likely that significant improvement is
achievable through the reliable delivery of evidence-based processes, such as objec-
tive decision making about postoperative location.38
IMPROVING PERIOPERATIVE CARE

There are many options and areas to focus on to improve outcomes for high-risk
surgical patients. A work plan can be visualized through the development of a driver
diagram such as is shown in Fig. 2.
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This list of areas that could have improvement projects attached is not comprehen-
sive, but is a systematic approach to identifying areas on which to focus. Continued
measurement for improvement of process and outcome data in each project area to
understand how a service is performing will help to understand areas of practice to
be worked on to drive better patient care and create the energy for improvement.
Use of checklists to facilitate key components of care across surgical pathways has
been shown to improve morbidity and mortality even in low-risk groups of patients.39

Improving outcomes for this complex patient group may be best achieved by stan-
dardization of the patient pathway and adherence to delivery of key components. The
articles in this issue discuss the concept of fast track or enhanced recovery for patients
undergoing elective procedures, but there is no reason why the principle should not be
applied to emergency patients.40 Simplification through protocolization of a high-risk
hospital episodemay enable delivery of essential components of care. An enhanced re-
covery programme is designed to deliver care that minimizes the patient’s physiologic
stress response to surgery with an evidence-based, patient-centered approach
combining individual interventions, which, when used together consistently by a multi-
disciplinary team, are synergistic, with a greater impact on outcome than when used
alone or in a haphazardway.41–43 Although the preoperative components of such a pro-
gramme may not be relevant to emergency patients, intraoperative management and
postoperative care can be delivered in line with the principles of enhanced recovery.

Key elements for optimizing postoperative recovery following colorectal surgery:
1. Appropriate postoperative care location: ward/high dependency unit/ICU
2. Balanced analgesia
3. Appropriate monitoring during the initial postoperative period, when increased ox-

ygen demand and fluid shifts demand individualized titration of fluids to maintain
normovolemia, but avoid crystalloid excess

4. Early enteral nutrition
5. Early and structured postoperative mobilization
6. Venous thromboembolism prophylaxis
7. Patients should be involved in the process andmotivated to reach predefined goals

A structured pathway for unscheduled adult general surgery is provided in “The
Higher Risk General Surgical Patient” document from the Royal College of Surgeons
England 2011,10 which has 4 components: clinical assessment, diagnostics, intrao-
perative assessment, and postoperative care.
The principles of enhanced recovery and the pathway suggested earlier were tested

in 4 hospitals. The hospitals developed a care bundle with 5 key components to be
delivered to patients undergoing emergency laparotomy, termed the Emergency Lap-
arotomy Quality Improvement Care (ELPQuIC) bundle.

The ELPQuIC bundle consists of:
1. Early assessment and resuscitation
2. Antibiotics administered to patients who show signs of sepsis
3. Prompt diagnosis and early surgery
4. Goal-directed fluid therapy in theaters and continued to ICU
5. Postoperative intensive care for all patients

The 4 participating hospitals measured their performance on these key metrics and
several other process measures. No hospital achieved reliable delivery of all key pro-
cesses, but all teams improved in delivery of all care bundle components from their
baseline levels of performance. There was a significant reduction in risk-adjusted mor-
tality across all 4 hospitals following implementation of the care bundle.44 This study
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showed that it is possible to improve outcomes in the diverse group of patients under-
going emergency laparotomy using a quality-improvement approach to improve deliv-
ery of evidence-based components of a standardized care pathway.
The difficulty in undertaking randomized controlled trials in the diverse, sick patients

whoundergo emergency laparotomymay account for the paucity of research in this pa-
tient group to date. However, the increasing recognition that quality-improvement
studies can lead to change, and are scientifically valid, is gaining traction. The British
National Institute of Health Research has givenmajor funding to the EPOCH (Enhanced
Perioperative Care for High-risk patients) study to use quality-improvement methodol-
ogy with the aim of reducing 90-day mortality in patients undergoing emergency mor-
tality.45 The EPOCH study draws its outcome data from participating hospitals’ own
submissions to the National Emergency Laparotomy Audit database.

Focus on the Elderly

Manyof thepatients presenting for EGSareelderly. Studies of older patients undergoing
elective surgery have shown that proactive identification andmanagement of problems
such as nutrition and frailty can improve outcomes with a significant reduction in com-
plications and length of stay46; this proactive approach is the same as that advocated
by enhanced recovery programs. A small study in patients presenting for emergency
surgery suggested that proactive referral to care of the elderly physicians, even if
done at the time of surgery, may reduce length of stay.47 The British Hip Fracture Data-
base48 shows that monitored delivery of key components of care, including periopera-
tive management by orthogeriatric physicians, has led to a continued improvement in
outcomes in elderly patients undergoing urgent surgery for fractured neck of femur.
When outcomes of emergency intestinal surgery were compared with outcomes of
similar procedures performed electively, elderly patientsweremuch less likely to be dis-
charged back to independent status, with 69% of elective patients discharged directly
home compared with 6.5% of emergency surgical patients.49 It is this type of outcome
data that patients may value most when making decisions about undergoing high-risk
EGS, but there are few data about long-term outcomes and quality of life following
EGS, particularly in the elderly50; there is evidence of underappreciation of the impact
of a hospital stay on functional performance of patients discharged to the community.51

Itmaybe that, forsomepatients, the riskof surgery is sohighand thequalityof survival so
poor that a focusonpain relief andpalliative care is in their best interests.However,more
outcomes research is needed before clinicians can have truly informeddiscussionswith
their patients, particularly the elderly, before they undergo emergency laparotomy.52

SUMMARY AND FUTURE CONSIDERATIONS

Specific pathways of care may be needed to focus on patients having EGS who have
different needs to those of patients undergoing elective general surgery. A focus on
reliable delivery of key components of care, the early and optimal management of
sepsis, preoperative resuscitation, and prevention of postoperative complications
can lead to significantly improved outcomes for this high-risk group of surgical
patients. Further research is needed into optimizing the perioperative care pathway,
surgery, and rehabilitation after EGS.
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coanalgesia, 110–111

for laparoscopic surgery, 110

for open surgery, 107–110

preoperative evaluation, risk stratification, and optimization, 94–95, 96–97

preoperative fasting and oral carbohydrate drinks, 95–97

preoperative patient education, 94

special considerations in emergency surgery, 111, 114

special considerations in oncologic surgery, 111

Crystalloids. See Fluid management.

Cystectomy, radical, implications for anesthetist, 170–171

open, 170–171

robotic, 170
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Dexmedetomidine, during major abdominal surgery, 74–75
E

Elderly patients, emergency abdominal surgery in, 218

Emergency abdominal surgery, anesthesia for, 209–221

analgesia, 214

conduct of anesthesia, 213–214

induction and maintenance, 213–214

epidemiology, 210–213

improving perioperative care, 215–218

in the elderly, 218

postoperative care, 214–215

surgery, 214

Emergency Laparotomy Quality Improvement Care (ELPQuIC) bundle, 217–219

Emotional burden, of surgery, strategies to minimize, 28

Enhanced recovery after surgery (ERAS), colorectal surgery, 93–123

anesthetic management, 97–106

antibiotic prophylaxis, 97–98

intraoperative, 98–106

premedication, 98

postoperative analgesia, 106–111

coanalgesia, 110–111

for laparoscopic surgery, 110

for open surgery, 107–110

preoperative evaluation, risk stratification, and optimization, 94–95, 96–97

preoperative fasting and oral carbohydrate drinks, 95–97

preoperative patient education, 94

special considerations in emergency surgery, 111, 114

special considerations in oncologic surgery, 111

fluid therapy in, 54–56

goal-directed fluid therapy and monitoring needs within, 35–49

current best practice, 46

general approaches to, 36–40

goal-directed or goal misdirected, 40–41

perioperative inotropes, 45

required research, 44–45

subgroups of benefit, 45–46

validity of stroke volume optimization concept, 43–44

in esophagectomy, 152–154

in major gynecologic surgery, 174–175, 176–180, 196–198

in major urologic surgery, 165–166

in patients undergoing emergency abdominal surgery, 214–218

role of, and pathophysiology of major surgery, 78–91

cellular injury and stress and metabolic response to surgery, 81

evidence base for, 89

primary injury, 81–85

role of anesthesiologist, 88

secondary injury, 85–87
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Epidemiology, of patients undergoing emergency abdominal surgery, 210–213

Epidural analgesia, during major open and laparoscopic abdominal

surgery, 67–71

Epidural anesthesia, combined general and, for enhanced recovery after major gynecologic

surgery, 181, 184–187

ERAS. See Enhanced recovery after surgery.

Esophageal cancer, esophagectomy for, 143–163

Esophagectomy, anesthetic care for, 143–163

enhanced recovery in, 152–154

minimally invasive, 152

perioperative issues, 146–152

avoidance of postoperative pulmonary complications, 148

cardiovascular issues, 150–151

chronic postsurgical pain, 151–152

fluid management, 148–150

preoptimization, 146–147

thoracic epidural analgesia versus paravertebral analgesia, 151

ventilation strategies, 147–148

preoperative assessment and patient selection, 144–146

Exercise, for prehabilitation, 20–25

increasing physiologic reserve with, 20–22

what to do, 22–25

Exercise testing. See Cardiopulmonary exercise testing.
F

Fast-track surgery. See Enhanced recovery.

Fluid management, during esophagectomy, 148–150

in enhanced recovery after surgery, 153

during major gynecologic surgery, 196

goal-directed, and monitoring needs within enhanced recovery program, 35–49

current best practice, 46

general approaches to, 36–40

advanced hemodynamic monitoring, 38–40

conventional hemodynamic monitoring, 38

fixed-volume strategies, 36–37

goal-directed or goal misdirected, 40–41

perioperative inotropes, 45

required research, 44–45

subgroups of benefit, 45–46

validity of stroke volume optimization concept, 43–44

in abdominal surgery, 51–64

amount of fluid, 53–54

clinical assessment and monitoring to guide fluid therapy, 56–59

type of fluid, 52–53

within enhanced recovery after surgery, 54–56
G

Gabapentinoids, during major abdominal surgery, 74

Gamma-aminobutyric acid analogs, for major gynecologic surgery, 189
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Glucocorticoids, during major abdominal surgery, 75

Goal-directed fluid therapy. See Fluid therapy.

Gynecologic surgery, evidence-based anesthesia for major, 173–207

enhanced recovery after, 174–175, 176–180

fluid management for, 196

other enhanced recovery principles for, 196–198

other opioid-sparing multimodal analgesic strategies for, 189, 192

arachidonic acid metabolism inhibitors, 189

gamma-aminobutyric acid analogs, 189

ketamine infusion, 192

lidocaine infusion, 192

paracetamol and propacetamol, 189, 192

reducing postoperative nausea and vomiting after, 192–196

regional anesthetic techniques for enhanced recovery after, 175, 181–188,

190–191
H

Hepatobiliary surgery, anesthetic care for, 125–141

hepatic resection, 126–127

alternatives/adjuncts to, 127

hepatic regeneration, 126

outcomes of, 126

preoperative portal vein embolization, 126–127

intraoperative considerations, 130–133

anesthetic technique, 131–133

surgical equipment development, 131

surgical vascular occlusion, 130–131

postoperative considerations, 134–136

analgesia, 135

deep venous thrombosis prophylaxis, 134–135

nasogastric tubes/oral nutrition, 134

postoperative liver dysfunction or failure, 135–136

surgical drains, 134

preoperative considerations, 127–130

age and comorbid disease, 127–128

and preexisting liver disease, 128–130

in patients without comorbidity, 127
I

Induction, of patients undergoing emergency abdominal surgery, 213–214

Injury, surgical. See Cellular injury.

Inotropes, perioperative, in enhanced recovery program, 45

Intraoperative fluids. See Fluid therapy.

Intraperitoneal local anesthetics, during major gynecologic surgery, 188

during major open and laparoscopic abdominal surgery, 73

Intrathecal analgesia, during hepatobiliary surgery, 135

during major open and laparoscopic abdominal surgery, 71–72

Intravenous fluids. See Fluid therapy.
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Ketamine, during major abdominal surgery, 74

infusion of, during major gynecologic surgery, 192
L

Laparoscopic procedures, major urologic, anesthetic considerations for, 166–167

Laparotomy, emergency, anesthesia for, 209–221

analgesia, 214

conduct of anesthesia, 213–214

induction and maintenance, 213–214

epidemiology, 210–213

improving perioperative care, 215–218

in the elderly, 218

postoperative care, 214–215

surgery, 214

Lidocaine, infusion of, during major gynecologic surgery, 192

intravenous, during major abdominal surgery, 74

Liver disease, hepatic resection and preexisting, 128–130

Local anesthetics, during major open and laparoscopic abdominal surgery, administered

peripherally, 72–73

intraperitoneal, 73

techniques, 67–72

epidural, 67–71

intrathecal, 71–72

outcomes, 72

for enhanced recovery after major gynecologic surgery, 188

intraperitoneal, 188

wound infiltration, 188

wound infusion, 188
M

Magnesium, as analgesic during major abdominal surgery, 74

Metabolic response, to surgery, 81

Minimally invasive esophagectomy, anesthetic care for, 152

Monitoring needs, and perioperative fluid therapy, 35–49

current best practice, 46

general approaches to, 36–40

goal-directed in enhanced recovery setting, 41–43

goal-directed or goal misdirected, 40–41

in context of enhanced recovery, 36

perioperative inotropes, 45

required research, 44–45

subgroups of benefit, 45–46

validity of stroke volume optimization concept, 43–44
N

Nausea. See Postoperative nausea and vomiting.

Nephrectomy, implications for anesthetist, 168–170
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partial, 171

radical, 171

NMDA receptor antagonists, during major abdominal surgery, 74

Nutrition, optimization of, for prehabilitation, 25–28
O

Opioid antagonists, peripherally acting, during major abdominal surgery, 75

Opioids, during major open and laparoscopic abdominal surgery, 66–67

Outcomes, of patients undergoing emergency abdominal surgery, 211–213
P

Paracetamol, for major gynecologic surgery, 189, 191

Pathophysiology, of major surgery, and role of enhanced recovery pathways, 78–91

cellular injury and stress and metabolic response to surgery, 81

evidence base for, 89

primary injury, 81–85

direct injury, 81–84

indirect injury, 84–85

role of anesthesiologist, 88

secondary injury, 85–87

consequential effects, 86–87

directly mediated effects, 86

of patients presenting for emergency abdominal surgery, 211

Peripheral administration, of local anesthetics during major open and laparoscopic

abdominal surgery, 72–73

Portal vein embolization, prior to hepatobiliary surgery, 126–127

Postoperative care, for patients undergoing emergency abdominal surgery, 214–215

Postoperative nausea and vomiting (PONV), after major gynecologic surgery, strategies for

reducing, 192–196

adequate hydration, 193, 196

antiemetic prophylaxis, 196

avoid inhaled agents, 193

minimized opioids, 193

use of regional versus general anesthesia, 193

Prehabilitation, exercise training before physiologic challenge, 10

to enhance perioperative care, 17–33

how does exercise benefit, 20–22

minimizing emotional burden of surgery, 28

optimizing nutrition for, 25–28

patients that benefit from, 28–29

published evidence for, 18–20

recovery and evaluation of, 29–30

stress of surgery and trajectory of recovery, 17–18

types of exercise to do, 22–25

Preoperative testing, cardiopulmonary exercise testing, 1–16

Pringle maneuver, in hepatobiliary surgery, 130–131

Propacetamol, for major gynecologic surgery, 189, 191

Prostatectomy, radical, implications for anesthetist, 171
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Recovery, enhanced. See also Enhanced recovery after surgery (ERAS).

evaluation of prehabilitation during, 29–30

Regional anesthesia, techniques for enhanced recovery after major gynecologic surgery,

175, 181–188, 190–191

Risk stratification, cardiopulmonary exercise testing for major abdominal surgery, 1–16

and other tools for, 8

challenge for perioperative risk stratification, 1–2

physical activity, exercise, and health concerns, 3

physiology and conduct of, 3–5

using information derived from, 9–10

Robot-assisted surgery, major urologic, anesthetic considerations for, 167–170
S

Sepsis, in patients undergoing emergency abdominal surgery, 210–213, 215–218

Spinal anesthesia, for enhanced recovery after major gynecologic surgery, 181–183

Stress response, to surgery, 81

Stroke volume optimization, validity of, 43–44

Surgery. See also Abdominal surgery.

minimizing the emotional burden of, 28

stress of, and trajectory of recovery, 17–18

Systemic analgesics, during major open and laparoscopic abdominal surgery, 73–75
T

Transversus abdominis plane (TAP) block, for enhanced recovery after major gynecologic

surgery, 187–188
U

Urologic surgery, anesthesia for major, 165–172

common procedures and implications for anesthetist, 170–172

partial nephrectomy, 171

radical cystectomy, 170–171

radical nephrectomy, 171

radical prostatectomy, 171

enhanced recovery care pathway, 165–166

nephrectomy, 168–170

patient population, 165

robot-assisted surgery, 166–170

specific considerations for laparoscopic procedures, 166–167

specific considerations for open procedures, 166
V

Vomiting. See Postoperative nausea and vomiting.
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