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SECTION I. INTRODUCTION

Confronted with worldwide evidence of substantial public health harm due to inadequate patient

safety, the Fifty-fifth World Health Assembly in 2002 adopted a resolution (WHAS55.18) urging

countries to strengthen the saféy of health care and monitoring systems. The resolution also

requested that WHO take a lead in setting global norms and standards and supporting country

efforts in preparing patient safety policies and practices. In May 2004, the Fiftyseventh World

Health Assembly approved the creation of an international alliance to improve patient safety

globally, and the World Alliance for Patient Safety was launched in October 2004. For the first

time, heads of agencies, policymakers and patientgroups from around the world came together

to advance attainment of the goalof 0 Fi r st , do no harmé and to reduc:e
of unsafe health care. The purpose of the Alliance is to facilitate patient safety policy and

practice. It is concentrating its actionson focused safety campaigns called Global PatienSafety
Challenges, coordinating Patients for Patient Safety, developing atandard taxonomy, designing

tools for research policy and assessmenidentifying solutions for patient safety, and developing

reporting and learning initiatives aimed at produci ng ©&ébest pr arogethectheg®e gui de
efforts could save millions of lives by improving basic health care and halting thediversion of

resources from other productive uses.

The Global Patient SafetyChallenge, a core element of the Alliance, bringstogether the expertise
of specialists to improve the safety of care. The areachosen for the first Challenge, in 2005520086,
was infection associated with health care. This campaign established simple, cleastandards for
hand hygiene,aneducat i onal c a mp a i Guidelirees) ah hatdH Iygiene ih healtht
care (advanced draft) ( 1).

The problem area chosen for the second Global Patient Safety Challenge, i200782008, is the

safety of surgical care. Prparation of these draft Guidelines onsafe surgeryfollowed the steps
recommended by WHO (Table I.1).

Table 1.1 0 Development of the WHO Safe Surgery Guidelines 2)

WHO recommended steps in technical guideline development Action
Taken

Define the specific issues to be addressed by the guidelines Completed
Undertake a systematic search for evidence Completed
Review the evidence available Completed
Develop recommendations linked to the strength of the evidence Completed
Draft guidelines Completed
Discuss and incorporate, where relevant, comments of external eviewers Completed
Draft final version of the guidelines Completed
Make recommendations on dissemination strategy Completed
Document the process of guideline development Completed
Test the guidelines through pilot evaluations In Progress




The groundwork for the project began in autumn 2006 and included an international
consultation meeting held in January 2007 attended by experts from around the world.
Following this meeting, expert working groups were created to coordinate a review of the
available scientific evidence, the writing of the guidelines document and discussion among the
authors. Nearly 100 international experts contributed to the document (see end). The guidelines
are being pilot tested in each of the six WHO regionsii an essential part of the Challengéi to
obtain local information on the resources required to comply with the recommendations and
information on the feasibility, validity, reliability and costdeffectiveness of the interventions.

The problem: Complications of surgical care have become a major cause of death and
disability worldwide.

Data from 56 countries showed that in 2004 the annual volume of major surgery was an
estimated 187 milliond281 million operations (3), or approximately one operation annually for
every 25 human beings alive. This is darge and previously unappreciated volume with significant
implications for public health. It is almost double the annual volume of childbirthsfi in 2006,
there were approximately 136 million births (4)A and is at least an order of magnitude more
dangerous. While the rates of death and complications aftersurgery are difficult to compare since
the case mix is so diverse, in industrializeccountries the rate of major complications has been
documented to occur in 3016% of inpatient surgical procedures, and the death rate 0.40.8% (5,
6). Nearly half the adverse events in these studies were determined to be preventable. Studies in
developing countries suggest a death rate of 810% associated with major surgery (799), and the
rate of mortality during general anaesthesia is reported tobe as high as 1 in 150 in parts of sub
Saharan Africa 10). Infections and other postoperative complications are also a serious concern
around the world.

Avoidable surgical complications thus account for a large proportion of preventable medical

injuries and deaths globally. Adverse events have beenestimated to affect 4616% of all

hospitalized patients (11014), and more than half of such events are known to be preventable.

Despite dramatic improvements in surgical safety knowledge, at least half of the events occur
during surgical care( 5, 6). Assuming a 3% perioperative adverse event rate and a 0.5%
mortality rate globally, almost 7 million surgical patients are hamed each year, 1 million of

whom die during or immediately after surgery. Surgical safety has thereforeemerged as a
significant global public health concern. Just as public healthinterventions and educational

projects have dramatically improved maternal and neonatal survival (15), analogous efforts might

improve surgical safety andquality of care.

There are at least four underlying challenges to improving surgical safetyFirst, it has not been
recognized as a significant public health concern. Becausaf the often high expense of surgical
care, it is assumed to be of limited relevancein poor - and middle-income countries; however, the
WHO Global burden of disease reportin 2002 ( 16) showed that a significant proportion of the
disability from disease inthe world is due to conditions that are treatable by surgical intervention.
Debas and colleagues X7) estimated that 11% of the 1.5 billion disability-adjusted life yearsi are
due to diseases treatable by surgery. Arestimated 63 million people a year undergo surgical
treatment for traumatic injuries, 31 million for malignancies and 10 million for obstetric
complications (18). Problems associated with surgical safety are well recognized in developednd
developing countries alike. In the developing world, the poor state of infrastructure and
equipment, unreliable supplies and quality of medications,shortcomings in



organizational management and infection control, difficulties in the supply and training of
personnel and severe undetfinancing contribute to the difficulties.

For more than a century, surgery has been an essential component of publitiealth. As longevity
increases worldwide, its role is increasing rapidly. Lack of access to basic surgical care remains a

major concern in low -income settings,and WHOG6 s GI| obal I nitiative on

Surgical Care has madamproved access its central mission19). The parallel requirement for
measurego improve the safety and reliability of surgical interventions, however, has gone largely
unrecognized.

The second underlying problem in improving surgical safety has been gpaucity of basic data.
Efforts to reduce maternal and neonatal mortality at childbirth have relied critically on routine
surveillance of mortality rates and systems of obstetriccare, so that successes and failures could be
monitored and recognized. Similar surveillance has been widely lacking for surgical care.The
WHO Patient Safety Programme found that data on surgical volume were available for only a
minority of WHO Member S tates. The data that were available were not standardized and varied
widely in the types of procedures recorded. Even countries in which data on surgical procedures
are collected regularly had significant gaps: few reported outpatient surgical proceduressome did
not cover specialty procedures such as gynaecological or orthopaedioperations, and most did
not cover private hospitals. Data from low- and middle income countries were often
extrapolated from regional data or studies published for other purposes. Virtually none of the
countries had reliable information on inpatient death rates or other measures of adverse outcome.

The third underlying problem in ensuring surgical safety is that existingsafety practices do not
appear to be used reliably in any country. Lack of resources is an issue in lovincome settings, but
it is not necessarily the mostimportant one. Surgical site infection, for example, remains one of
the most common causes of serious surgical complications, yet evidence indicates thgtroven
measurefi such as antibiotic prophylaxis immediately before incision and confirmation of
effective sterilization of instrumentsi are inconsistently followed. This is not because of cost but
because of poor systematization. Antibiotics, for example, are given perioperatively in both rich
and poor countries, but in both they are often administered too early, too late or erratically.

Complications of anaesthesia also remain a substantial cause of death duringurgery globally,
despite safety and monitoring standards which have reducedthe numbers of unnecessary deaths
and disabilities in industrialized countries.

1The disability-adjusted life year (DALY) is an indicator of the time lived with a disability and the time lost due to
premature mortality. It extends the concept of potential years of life lost due to premature death to include
equi valent years of ©Oheal t hy o pdoihkakth or disability MWerld Bank iorkieg o f
paper,

http://imww.worldba nk.org/html/extdr/hnp/hddflash/workp/wp_00068.html, accessed 12

December 2006; and WHO Health Information Systems and Statistics,
http://mwww.who.int/healthinfo/boddaly/en/index.html, accessed 12 December 2006).
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Three decades ago, a healthy patient undegoing general anaesthesia had anestimated 1 in 5000
chance of dying from complications of anaesthesia 20). With improved knowledge and basic
standards of care, the risk has dropped to 1 in 200000 in the industrialized world i a 40-fold
improvement. Unfort unately, the rate of avoidable death associated with anaesthesia in
developing countries is 10®1000 times this rate. Published series showing avoidable anaesthesia
mortality rates of 1:3000 in Zimbabwe ( 21), 1:1900 in Zambia (22), 1:500 in Malawi ( 23) and
1:150 in Togo (10) demonstrate a serious, sustained absence of safmaesthesia for surgery.

The fourth underlying problem in improving surgical safety is its complexity. Even the most
straightforward procedures involve dozens of critical steps, eab with an opportunity for failure
and the potential for injury to patients, from identifying the patient and the operative site
correctly, to providing appropriate sterilization of equipment, to following the multiple steps
involved in safe administration of anaesthesia, to orchestrating the operation.

The most critical resource of operating teams is the team itseff the surgeons, anaesthesia
professionals, nurses and others. A team that works effectivelyogether to use its knowledge and

abilities on behalf of the surgical patient can avert a considerable proportion of life -threatening

complications. Yet, operatingroom personnel have had little guidance or structure for fostering

effective teamwork and thus minimizing the risks for surgical safety.

The aim of the Safe Sugery Saves Lives programme is to remedy thegmblems.

The Safe Surgery Saves Lives Challenge: Identifying solutions

The goal of the Safe Surgery Saves Lives Challenge is to improve the safetysfrgical care around
the world by definin g a core set of safety standards that carbe applied in all countries and
settings. Working groups of international experts were created to review the literature and the
experiences of clinicians around theworld and to achieve consensus on safety practicein four
topic areas: teamwork, anaesthesia, prevention of surgical site infection and measurement of
surgical services. Contributors with expertise in surgery, anaesthesia, nursing, infectioudiseases,
epidemiology, biomedical engineering, health systems quality improvement and other related
fields, as well as patients and patient safetygroups, were recruited from each of the WHO
regions; they themselves solicited further input from practitioners and other stakeholders
worldwide.

At the first consultation in January 2007, difficulties in improving surgical safety were identified

and reviewed. Sur ger y wa sccudirgfin thee egerating rootn anmolvingp r o c e d L
the incision, excision, manipulation or suturing of tissue that usually requires egional or general
anaesthesiaopr of ound sedation to control pai no. 't was

single remedy that would change safety. Safety in surgery requires the reliablexecution of
multiple necessary steps in care, not just byhe surgeon but by ateam of health-care professionals
working in concert for the benefit of the patient.

It was recognized that reliability in other medical fieldsfi for example, obstetrics and medication
administrationfi has been improved by identifying the basic components of care to be provided
and by standardizing routines with tools such as checklists. Three examples of particular relevance
are described below.
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Transformation of risk during anaesthesiaNo single improvement in the care of surgical mtients
has had as profound an impact as the advancement of saf@ractices in anaesthesia. Anaesthesia is
dangerous to patients in a number of ways. Respiratory suppression by an anaesthetic leads to
hypoxia, while manoeuvres to control the airway can lead to injury. Aspiration is a significant risk
for all patients undergoing sedation or anaesthesia. Hype and hypertension, cardiac depression
or elevation, and medication reactions and interactions are

also potential life-threatening problems. Anaesthesia vas long considered moredangerous than
surgery itself, but a systematic approach to identifying andaddressing failures in anaesthesia care
has resulted in a sustained, markededuction in risk in industrialized countries during the past two
decades.

Anaesthesia experts reviewed lessons from aviation, nuclear power and otheindustries known as
high-reliability organizations, which have five identifiable qualities that define their performance:
preoccupation with failure, reluctance to simplify interpretations, sensitivity to operation,
commitment to resilience and deference to expertise 4). Leaders in anaesthesia therefore began
by acknowledging the persistence of human error. Researchers studied individuahcidents in
detail and enumerated a list of contributory factors, which included inadequate experience,
inadequate familiarity with equipment, poor communication among team members, haste,
inattention, fatigue and poor equipment design @25). Through national professional societies, first
in the United States and then across Europe and in other industrialized countries, aystem of
improved anaesthesia care was designed. The specific standards @fractice mandate that
anaesthetists never leave a patient unattended andalways monitor vital signs in a prescribed
minimum regimen. Changes were made in technological and engineering design, and
manufacturing standards foranaesthesia equipment were established with fallible human beings in
mind. For example, the sequence and size of dials were standardized,sawas the direction for
turning them on and off; locks were incorporated to prevent accidental administration of more
than one anaesthetic gas; controls were changed so thathe concentration of oxygen delivered
could not be reduced below its concentration in room air. Most recently, pulse oximeters and
capnographs havebeen designated as essential instruments for monitoring anaesthesia.

Since these changes, deaths due to misconnection of the breathing system damtubating the
oesophagus rather than the tachea have become virtually unknown instead of being common
causes of death during anaesthesia. In aingle decade, the overall death rate associated with
general anaesthesia inndustrialized nations dropped by more than 95% fi from one in 5000 cases
to one in 200 000 ( 26).

The O0ti me out 0 :losurgedysthere gre faveexamples aisgstendatic improvements
in safety; however, over the past 5 years in the United States and other industrialized countries, a
6ti me outd or 0 seaintppiuced &s aptandasdecdmpdnensof durgical care 27).
This is a brief, lessthan 1-min pause in operatingroom activity immediately before incision, at
which time all members of the operating teamfi surgeons, anaesthesiarofessionals, nurses and
anyone else involvedi verbally confirm the identity of the patient, the operative site and the
procedure to be performed. It is a means of ensuring clear communication among team members

and avoi disnigt eBdwrogomg i ent 8 error s. latory ih ths Uniked e n ma d
States and aew other countries.

Further experiments with this procedure have resulted in what has beenc al | ed an 0ext e
paused, during which mor e (28).dhizievohiey mnfirmaiensnatr es ar

only the identity of the patient and the surgical site, but also discussion by team members of the
critical details of the operation to be performed. Open communication and improved teamwork
are encouraged @9, 30). In studies in single institutions, the extended pause habeen shown to
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improve safety and is associated with improved choice and timing of prophylactic antibiotics and
appropriate maintenance of intraoperative temperature and glycaemia 8, 31).

Use of a checklist for central line insertionA research team atJohns Hopkins University in the
United States reported remarkable success in reducingomplications from a simple invasive
procedurefi placement of a central intravenous cathetefi by implementing a limited checklist of
steps B2). The checklist ensured that he clinicians washed their hands before inserting the
catheter, avoided using the femoral vein when possible, used chlorhexidine soapo clean the
insertion site, put on sterile gloves, gown, hat and mask, covered thepatient fully with a sterile
barrier drape and, after insertion, checked daily to determine if the catheter could be removed.
Use of this checklist in 67 hospitalsreduced the rate of catheterrelated bloodstream infections by
two thirds within 3 months. The average intensive care unit reducedts infection rate from 4% to
0. Over 18 months, the programme saved more than 1500 lives and nearly US$ 200million.

The checklist approach has several advantages. Checklists help memorgcall, especially for
mundane matters that are easily overlookedin patients with dramatic and distracting conditions.
Checklists clarify the minimum expectedsteps in a complex process. By helping a team work
together, checklists establiska higher standard of baseline performance 83). They are particularly
applicable to the operating room setting, where checklists have been used successfuléround the
world, although without clear standards or guidance as to their content.

The Safe Surgery Saves Lives approach

The Safe Surgery Saves Lives programme aims to improwweirgical safetyand reduce the number
of surgical deaths and complications in four ways:
(1). by giving clinicians, hospital administrators and public health officialsinformation on the
role and patterns of surgical safety in public health;

(2). bydefiningamini mum set of wuniform nsetaastuirsetsi cosrd , 6 sfuorr
and international surveillance of surgical care;

(3). by identifying a simple set of surgical safety standards that can beised in all countries
and settings and adclesafetyompckédst & BobBsusg in
and

(4). by testing the checklist and surveillance tools at pilot sites in all WHOregions and then
disseminating the checklist to hospitals worldwide.

The WHO Guidelines for safe surgenare central to this effort. The working groups of the Safe
Surgery programme considered a range of potential standardsevaluated the evidence for their
inclusion, estimated their possible impact and designed measures to assess their effects on
performance and safety. The programme also designed a checklist that can be used by
practitioners interested in promoting safety and improving the quality of surgical services. It
reinforces established safety practices and ensures beneficial preoperative, intraoperativand
postoperative steps are undertaken in a timely and efficient way. Many of the steps are already
accepted as routine practice in facilities around the world. The aim is not to prescribe a single
manner of implementation or to create a regulatory tool. Rather, by intro ducing key safety
elements into the operating routine, teams could maximize the likelihood of the best outcome for
all surgicalpatients without placing an undue burden on the system or the providers.
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In nearly all settings, the standards will representchanges in some routinesThe standards could,
however, result in tangible life-saving improvements in care in all environments, from the richest
to the poorest. The Second Global Patient Safety Challenge is based on the recognition that every
country can improve the safety of its surgical care.

Improvement through the Safe Surgery Saves Lives programme

The established framework for safe intraoperative care in hospitals involves aoutine sequence of
eventdi preoperative evaluation of patients, surgical intervention and preparation for
appropriate postoperative carefi each with specific risks that can be mitigated (Table 1.2). In the
preoperative phase, obtaining informed consent, confirming patient identity and operative site
and the procedure to be undertaken, checking the integrity of the anaestheticmachine and the
availability of emergency medications, and adequatepreparation for intraoperative events are all
amenable to intervention. During the operation, appropriate and judicious use of antibiotics,
availability of essential imaging, appropriate patient monitoring, efficient teamwork, competent
anaesthetic and surgical judgements, meticulous surgical technique and goodommunication
among surgeons, anaesthesia professionals and nurses arerakessay to ensure a good outcome.
After the operation, a clear plan of care, an understanding of intraoperative events and a
commitment to high -quality monitoring may all improve the surgical system, thereby promoting
patient safety and improving outcomes. Thereis also a recognized need for trainedpersonnel and
functioning resources, such as adequate lighting and sterilizatioequipment. Finally, safe surgery
requires ongoing quality assurance andnonitoring.

Table 1.2 & The nature of the challenge:  Teamwork, safe anaesthesia andrevention of
surgical site infection are fundamental to improving the safety of surgery and saving lives. Basic
issues of infrastructure must be considered and othe ability to monitor and evaluate any
instituted changes must be addessed.

Surgical Resources and Environment
Trained personnel, clean water, consistent light source, consistent suction, supplemental oxygen, functioning
surgical equipment and sterile instruments

Prevention of Surgical Site Safe Anaesthesia Safe Surgical Teams
Infection Presence of a trained anaesthesia|] Improved communication
Hand washing professional Correct patient, site, and
Appro priate and judicious use of Anaesthesia machine ad procedure
antibiotics medication safety check Informed consent
Antiseptic skin preparation Pulse oximetry Availability of all team members
Atraumatic wound care Heart rate monitoring Adequate team preparation and
Instrument decontamination and Blood pressure monitoring planning for the proced ure
Serility Temperature monitoring Confirmation of patient allergies

Measurement of Surgical Services
Quality assurance
Peer review
Monitoring of outcomes
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Not all these factors can be addressed within the context of the Safe Surgerprogramme. The
economic and physical resources of ational health systems ardimited by many factors, including
economic development status. The SafeSurgery Saves Lives Challenge is ayar initiative, and,
early in the investigative phase, the programme team determined that it would be unable to
address the issues of resources and infrastructure shortfalls given the budget atiche frame of this
project. Similarly, although human resources are vital for health delivery and for safe care,
improvement will require so much investment in education, infrastructure and training that
success is unlikely in the neafuture. In addition, the significant work performed by many health -
care workers who lack credentials but fill an important, even vital need, particularly in resource
limited settings, should not be minimized; but there is no clear consensus on what constitutes
appropriate training, how much training is enough and how to measure competence. The absence
of such basic information makes it exceedingly difficult to set standards for training and
credentialing and ultimately leaves it to governments and professional societies to determine how
best to approach these issues, given their resources and needs.

In view of the limitations for addressing infrastructure and human resources,the expert working
groups determined that the most effective initial intervention would be to establish universal
standards for safety for existing surgical teamsand their work in the operating room. These
standards would be operationalized by wide implementation of a checklist and the creation of
basic, standardized measures of surgical services. Universal features, strategies and workflow
patterns of the perioperative period are critical for care, prone to failure and amenable to simple
improvements.

The aim of the working gro ups was to identify potential standards for improvements in four
areas: safe surgical teams, by promoting communicatioramong team members to ensure that
each preparatory step is accomplished in atimely and adequate fashion with an emphasis on
teamwork; safe anaesthesia,by appropriate patient monitoring and advance preparation to
identify potentially lethal anaesthetic or resuscitation problems before they causeirreversible
harm; prevention of surgical site infection, through antisepsis andcontrol of co ntamination at all
levels of patient care; and measurement ofsurgical services, by creating public health metrics to
measure provision andbasic outcomes of surgical care.

The Safe Surgery Saves Lives Challenge was further guided by threenciples. The first is
simplicity. An exhaustive list of standards and guidelinesmight create a package that would
improve patient safety, but such comprehensiveness would be difficult to implement and convey
and would probably face significant resistance. The appeabf simplicity in this setting cannot be
overstated. Uncomplicated measures will be the easiest to instituteand can have profound effects
in a variety of settings.

The second principle is wide applicability. Focusing on a specific resourceilieu would re duce the

number of issues (e.g. minimum equipment standardgor resource-poor settings), but the goal of

the challenge is to reach allenvironments and settings, from resource rich to resource poor, so
that all Member States can be involved. Furthermore, egular failures occur in every

setting and environment and are amenable to common solutions.

The third is measurability. Measurement of impact is a key component of the Second Challenge.
Meaningful metrics must be identified, even if they relate only to surrogate processes, and they
must be reasonable and quantifiable bypractitioners in all contexts.
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If the three principles of simplicity, wide applicability and measurability are followed, the goal of
successful implementation will be feasible.
Organiz ation of the guidelines

The guidelines are designed to meet these principles and are organized ihree steps.

First, the specific objectives for safe surgical care are enumerated. Secondijpe findings from
reviews of evidence on and experience with goproaches to meeting each of the objectives are
described. Lastly, potentially beneficialpractices are classified into three categories on the basis of
clinical evidence or expert opinion as to their ability to reduce the likelihood of serious, avoidable
surgical harm and whether adherence is unlikely to introduce injury or unmanageable cost:

Abhighly recommendedd: a pr actaoperaiont hat shoul d b
Abrecommendeddé: a practice that is encouraged f
Absugegest a practice that should be considered f

While the review was relatively comprehensive, it did not make clear how the findings were to be
operationalized. Therefore, at the end of the review for each objective and in order to provide

simple means for practitioners to ensure andimprove standards of safety, we focused on the
Ohighly recommaemded& eglr @ hteincegso construct two pro
checklisée® afnfdra@acommended O6surgemerd.l vital statist
These guidelines are, as noted, a first edition, and are undergoing final reviewand testing at pilot

sites around the world. Nonetheless, there is wide recognitionthat every country can improve the

safety of its surgical care and that this is aritical matter of public health, affecting hundreds of

millions of people worldwide each year. By creating a culture of safety, the World Alliance for

Patient Safety and WHO are seeking to promote practice standards that reducénjuries and save

lives.
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SECTION II. TEN ESSENTIAL OBJECTMWES FOR SAFE SURGERY: REVIEWOF THE

EVIDENCE AND RECOMMENDATIONS

Surgical care is complex and involves dozens of steps which must beptimized for individual
patients. In order to minimize unnecessary loss of lifeand serious complications, operative teans
have 10 basic, essential objectives imny surgical case, which the WHO safe surgery guidelines

support.

1. The team will operate on the correct patient at the correct site.

2. The team will use methods known to prevent harm from administration of anaesthdics,
while protecting the patient from pain.

3. The team will recognize and effectively prepare for life-threatening loss of airway or
respiratory function.

4. The team will recognize and effectively prepare for risk of high blood loss.

5. The team will avoid i nducing an allergic or adverse drug reaction forwhich the patient is
known to be at significant risk.

6. The team will consistently use methods known to minimize the risk for surgical site
infection.

7. The team will prevent inadvertent retention of instrumen ts or spongesin surgical wounds.

8. The team will secure and accurately identify all surgical specimens.

9. The team will effectively communicate and exchange critical information for the safe
conduct of the operation.

10. Hospitals and public health systems wil establish routine surveillanceof surgical capacity,

volume and results.
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Objective 1: The team will operate on the correct patient at the correct site.

While wrong -site or wrong-patient surgery is rare, even a single incident camesult in considerable
harm to the patient. There are recurrent and persistentreports of wrong -site operations on limbs
and the brain and of patients who have had the wrong kidney, adrenal gland, breast or other
organ removed. The attention that such events invariably attract in the media undermines public
confidence in health-care systems and in the physicians who provide care.

It has been estimated that wrongsite and wrong-patient surgery occurs inabout 1 in 50 0003100
000 procedures in the United States, equivalent to 15@32500 incidents each year (, 2). In an
analysis of sentinel events reported between 1995 and 2006, the Joint Commission for
Accreditation of Health Organizations found that just over 13% of reported adverse events were
due to wrong -site surgery @3). An analysis of 126 cases of wronggite or wrong-patient surgery in
2005 revealed that 76% were performed on the wrong site, 13% on the wrong patient and 11%
involved the wrong procedure. The literature supports the supposition that wrong -site surgery is
more common in certain fields, particularly orthopaedic surgery. In a survey of 1050 hand
surgeons, 21%reported having performed wrong -site surgery at least once in their careers4).
An analysis of malpractice insurance claims following orthopaedic surgenghowed that 68% were
for wrong -site surgery b).

Wrong-site surgery is more likely to occur in procedures associated wittbilaterality. Failures in
communication between team members and problems with leadership were the major
contributory factors in the report of the Joint Commission for Accreditation of Health
Organizations (3). In a separate analysi©f 13 non-spine wrong-site procedures, Kwaan et al. ()
showed that four caseswere due to errors in the operating schedule, and in 66% of cases in
which the consent form was reviewed the site or side was not specified. Factors such as the
absence of radiographic images and wrong site labelling on the images play &ausative role in
faulty orthopaedic and spinal procedures (L, 2). Organizational culture, interpersonal dynamics
and steep hierarchical structures in theoperating room contribute to error by creating an
environment in which persons who could prevent an error are reluctant to speak up (6). Thus,
systems failuresaccount for a large number of wrong-site events. Accurate patient identification
and labelling, patient involvement in preoperative planning, informed consent, better
communication among team members and improved teamwork and protocols could all reduce
these types of error. Elimination of wrong site, wrong patient and wrong procedure errors has
been a goal of the Joint Commissionsince 2000 (7).

Wrong-site surgery received prominent attention in the early 1990s, andsurgeons (in particular
orthopaedists) and professional organizations madeattempts to address the issue. The Canadian
Orthopaedic Associationr ecommended O6marking the incision sit
1994 (8). Professional orthopaedic organizations took this up as a matter of policy, and in 1998

the American Academy of Orthopaedic Surgeons started a campaign called Si gn Your Site
same year the Joint Commission gathered information onsentinel events of wrong-site surgery

and sought strategies to address the issue.In 2003, the Joint Commission formulated and

mandated use of a universalprotocol for the prevention of wrong -site, wrong-patient and wrong -

procedure errors (9) which has been adopted by many professional organizations, includingthe

American College of Surgeons 10).
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The Universal Protocol

The Universal Protocol is a threestep process in which each step i€omplementary and adds
redundancy to the practice of confirming the correct patient, site and procedure.

Step 1. Verification: This consists of verifying the correct patient, site andprocedure at every
stage from the time a decision is made to operate to the time the patient undergoes the
operation. This should be done:

when the procedure is scheduled;

at the time of admission or entry to the operating theatre;

any time the responsibility for care of the patient is transferred to another person; and
before the patient leaves the preoperative area or enters the procedure orsurgical room.

To o To Do

The step is undertaken insofar as possible with the patient involved, awake and aware.

Verification is done by labelling and identifying the patient and during the consent process; the

site, laterality and procedure are confirmed byc hecking the patientds reco
This is an active process thamust include all members of the team involvedint he pati ent ds
When many team members are involved in verification, each check should be performed
independently. Team members must also be aware, however, that theinvolvement of multiple

caregivers in verification can make the task appeaionerous and could lead to violations of the

protocol. Adherence to the verification procedure can be facilitated by the use of reminders in the

form of checklists or systematic protocols (3.

Step 2. Marking: The Universal Protocol states that the site or sitedo be operated on must be
marked. This is particularly important in case of laterality, multiple structures (e.g. fingers, toes,
ribs) and multiple levels (e.g. vertebral column). The protocol stipulates that marking must be:

A at or next to the operative site; non-operative sites should not be marked:;

A unambiguous, clearly visible and made with a permanent marker so thatthe mark is not
removed during site preparation (Health-care organizations may choose different methods
of marking, but the protocol should be consistent in order to prevent any ambiguity. The
guidelines of the National Patient Safety Agency in the United Kingdom recommend use
of an arrow drawn on the skin and pointing to the site, as a cross could denote a site that
should not be operated and introduces an element of ambiguity (12). The American
Academy of Orthopaedic Surgeonse ndor ses a ©6sign your sited pt
write their initials or name on the operative site (13).);

A made by the surgeon performing the procedure (To make the recommendations
practicable, however, this task may be delegated, asong as the person doing the marking
is also present during surgeryparticularly at the time of incision (14).); and

A completed, to the extent possible, while the patient is alert and awake, ast he pati ent
involvement is important.
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The verification and marking processes are complementary. They arentended to introduce
redundancy into the system, which is an important aspectof safety. Either one used alone is
unlikely to reduce the incidence of wrong-site surgery.

Patients or their caregivers should participate actively in verification. TheJoint Commission views
failure to engage the patient (or his or her caregiver) asone of the causes of wrongsite surgery.
The Joint Commission has publishedinformation leaflets for patients to inform them of their
important role in preventing wrong -site surgery (L5); patient awareness initiatives hava also been
adopted by the National Patient Safety Agency in the United Kingdom (16) and the Australian
Commission of Safety and Quality in Healthcare (L7).

Step 3. dhemétiomdeé Bout or Osurgi calingseusomrdimi s a b
the patient, the procedure and the site of operation. It is also an opportunity to ensur e that the

patient is correctly positioned and that any necessary implants or special equipment are available.

The Joint Commission stipulates that all team members be actively involved in this process. Any

concerns or inconsistencies must be clarified ahis stage. The checks during the

O0time outd must be documented, pot eUnmiversa Prbtagcoli n t he
leaves the design and delivery to individual organizations. The Ot i me outd al so s¢
communication among team members.

The Australian Commission on Safety and Quality in Healthcare uses a fivesteprocess similar to
the Universal Protocol to prevent wrong -site surgery (7):
Step 1: Check that the consent form or procedure request form is correct.
Step 2: Mark the site for the surgery or other invasive procedure.
Step 3: Confirm identification with the patient.
Step4d: Take a Oteam time outd i n téxaminatipreareat i ng t he
Step 5: Ensure appropriate and available diagnostic images.

Consentis part of both protocols. It is the first step in the Australian protocol and is included as
critical documentation in the Universal Protocol in the United States. While consent is being
obtained, the patient must be awake and alert and have the capacity to understand the details
and implications of the procedure. Consent must be obtained in a language that the patient
understands or through an interpreter. It should include a clear statement of the procedure to be
performed and the site of operation, including laterality or level ( 18). The consentprotocol can,
however, be waived in emergency cases with threat to life or limb. Preoperative verification
protocols have only recently been introduced in many parts of the world. Evidence of their
efficacy in reducing the incidence of wrong-site surgery is lacking, although preliminary data
suggest that suchactions are effective. The Orange County Kaiser Permanente organization in the
United States found a reduction in the incidence of wrong-site surgery afterthe introduction of a
checklist (L9). Similarly, there has been a reduction in wrongsite surgery in Western Australia,
from 10 reported cases in 200452005 to four in 200562006 (20). A study by Makary et al. at
Johns Hopkins hospital in the United Statesshowed that team awareness of the correct site of
operation increased with use of a checklist and briefing21). While evidence is still beinggathered,
protocols for ensuring correct patient and procedure are well established, inexpensive,
recommended by many professional societies and, iffollowed with care and consideration,
promote safe surgical practice.

Recommendations

Highly recommended:
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A Before induction of anaesthesia, a member of the team should confirmthat the patient is
correctly identified, usually verbally with the patient or family member and with an identity
bracelet or other appropriate means of physical identification. Identity should be confirmed
from not just the name but also a second identifier (e.g. date of birth, address, hospital
number).

A A team member should confirm that the patient has given informed consent for the
procedure and should confirm the correct site andprocedure with the patient.

A The surgeon performing the operation should mark the site of surgery in cases involvirg
laterality or multiple structures or levels (e.g. a finger, toe, skin lesion, vertebra). Both the
anaesthesia professional and the nursshould check the site to confirm that it has been
marked by the surgeon performing the operation and reconcile the mark with the
informationin t he patientd&s records. The mar k asdhoul d
usually made with a permanent marker so that it does not come off during site preparation.
The type of mark can be determined locally (signing, initialing or placing an arrow at the
site). A cr obesavowed, howeder, ashhc lnds deen misinterpreted to mean
that the site is the one not to be operated on.

A As a final safety check, the operating team should collectively verify thecorrect patient, site
and procedur e dur i ngimmedidelyibefoee skinuiriciSion.oThe syrgeons e

should state out loudthepati ent 8 s name, the operation to be
site of surgery. The nurse and anaesthesia professional should confirthat the information is
correct.
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Objective 2: The team will use methods known to prevent harm from administration of
anaesthetics, while protecting the patient from pain.

In developed countries, anaesthesia is associated with low risks for seriousnorbidity and
mortality. Current estimates of avoidable mortality associated with anaesthesia in Australia and
Europe vary from about 1:10 000 to about 1:185 000 (19 4). The rate of mortality attributable
solely to anaesthesia inhealthy patients undergoing minor surgical procedures is likely to be at the
lower end of this range. The higher estimates tend to reflect mortality to which anaesthesia is
thought to have contributed, often in patients with significant comorbidity who are undergoing
major surgery. There are, however, few reliable data to determine the true rate of mortality
associated with anaesthesia. A ratef 1 in 79 509 was reported in a review in Australia between
1997 and 1999 6). In a subsequent review from the same source covering the years 20082002,
the reported rate was 1 in 56 000, the revised estimate being based on improved datafor the
denominator attribut able to the introduction of anaesthesia-specific coding (6). These Australian
reports probably provide the best estimates of mortality associated with anaesthesia available for
any nation in the world; however, the discrepancy between the rates in the two reports indicates
that the mortality rate for the 1990s was unclear, and it remains so for most of the world. Lagasse
(7) reviewed data on mortality during the last four decades of the twentieth century and
attributed the wide variation in rates to lack of standardization of definitions. His contention that
mortality had not improved was strongly challenged by Cooper and Gaba 8), who argued that
there is credible evidence that mortality has decreased substantially among relativelyhealthy
patients undergoing elective procedures, which was the initial aim of patient safety efforts in
anaesthesia.

Estimation of mortality due to anaesthesia is problematic: most reporting is voluntary, the

denominator is seldom a reliable figure, sedation is not routinely captured, the case mix to which
the figures are applied is usually unknown, and there is no agreed definition of anaesthetic
mortality. Even when clearly defined, it may be difficult to separate it from causes related to the
operation and the pat i e nt dng couditione NMeVeytheless, there is good reason to believe
that anaesthesiaelated risks in the developed world have decreased significantlyover the past
two decades due to improvements in training, equipment and medications and the introduction

of standards and protocols. Mandatory monitoring standards, in particular pulse oximetry and
capnography, are considered particularly important (9, 10).

Unfortunately, the avoidable anaesthesiaassociated mortality in developing countries has been
estimated at 10081000 times the rate reported in developed countries. In published series,
avoidable mortality associated with anaesthesiavas as high as 1:3000 in Zimbabwe {3, 1:1900 in

Zambia (12), 1:500 in Malawi (13) and 1:150 in Togo (14). The methods used in thse studies are
comparable, and they demonstrate a serious, sustained lack of safe anaesthesia for surgery.

Patterns of avoidable morbidity and mortality during anaesthesia

Mortality associated with anaesthesia, particularly in the developing world, is primarily related to
two causes: airway problems and anaesthesia in the presencef hypovolaemia. A substantial
proportion of anaesthesia-related deaths in the developed world occur in obstetric patients (159
17); reports from Nigeria (18) and Malawi (19 demonstrate that these patients account for 50%
of the anaesthesiarelated deaths in developing countries. These studies also indicate that poor
technique and lack of training, supervision and monitoring contribute to the high mortality. The
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potential for professionals to learn lessons about avoidable deaths limited in many hospitals, as
few such events are recorded or formally discussed.

These unacceptably high figures are indicative of a deteriorating situation.Information from
Uganda in 2006 (20) illustrates the constraints anaesthesiproviders face, including shortages of
the most basic facilities, equipment andmedications and few physician anaesthetists (13 for 27
million people, compared with 12 000 for 64 million in the United Kingdom); most a naesthesia is
thus performed by non -physicians. This situation is similar to that in other parts ofAfrica (219 23).
Although the situation varies widely throughout the world, anaesthesia services in many countries
are extremely poor, particularly in rural areas @4, 25). For the most part, deficiencies go
unrecorded, as there are fewsystematic reviews of anaesthetic conditions and practice.

Perioperative mortality is usually due to a combination of factors related to patients (and their
underlying medical condition), surgery, anaesthesia andmanagement. In order to improve the
safety of patients undergoing surgery, anaesthesia services must be made safer, especially in
developing countries. Thiswill require investment in the form of improved training of anaesthesia
professionals, safer facilities, functioning equipment, adequate drug supplies anchandatory pulse
oximetry. International standards play an important role in guiding the development of
anaesthesia services and should be adopted byinistries of health and local professional societies.

In order that no patient be harmed by anaesthesia, several goals must be met:
A Anaesthesia services should be made safer.

A Training and facilities for anaesthesia should be improved in many partf the world.

A Safety in obstetric anaesthesia should be a priority, as obstetric patientare at particularly
high risk from anaesthesia.

A Standardized global definitions of anaesthesia mortality should bedeveloped.

A Every avoidable death is a tragedy, and lessons shad be learnt from each instance of death
during anaesthesia in order to reduce the risk ofrecurrence.

Approaches to improving the safety of anaesthesia

Anaesthesiology has played a pioneering role in the patient safety movementand in the
establishmen of standards for safe practice. Anaesthesiologists firstodified the concept of
6patient safetyd in 1984 at(Uniteth Btates)ofatiegniernatibnalme et i n
Committee on Preventable AnesthesiaMortality and Morbidity. The first organ ization devoted to

the concept of patient safety was the Anesthesia Patient Safety Foundation, created in the United

States in 1985. This independent organization was the result of considerableffort on the part of

the medical professionals involved, with the support of related industries and government

regul ator s. The origbBhahdédHds&afdr monti taopegati v
the first formally published, detailed medical standards of practice 26). They stimulated the

American Socig¢ vy of Anesthesiol ogi sts t o adopt their
Monitoringd in 1986. This i1nitiative ammprotocals aged
by professional anaesthesiology groups and societies around theorld.
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In 1989, the International Task Force on Anaesthesia Safety was establishechmprising leaders in
anaesthesia patient safety in nine countriesq7). After 2 years of extensive work, the Task Force
published the first International standards for a safe practice of anasthesia(28). The document
consisted of four printed pages and contained an outline of both general standards for the
profession and practice of anaesthesiology and specific standards for perianaesthet@are and
monitoring. Because of the variation in resources availablein different locations around the
world, the standards for equipment required for peri-anaesthetic care and monitoring were
classified into three levels: basicintermediate and optimal, to correlate realistically with available
local resources. The essential care and monitoring concepts were universal and applicable
everywhere, from the most isolated, resourcechallenged locations in thedeveloping world to the
most economically and technologically advanced capitals. Ability to implement the concepts
differed greatly, however. One focus was to help provide more anaesthetists in disadvantaged
areas and to secure resource®r improving anaesthesia quality and safety. The World Federation
of Societiesof Anesthesiologists formally adopted these international standards at itscongress in
The Hague in June 1992 and recommended them to all its membersocieties. Thelnternational
standards for a safe practice of anaesthesiand 10 supporting documents were published as
Supplement 7 to the European Journal of Anaesthesiologyin January 1993 28).

The work of the International Task Force underpins much of the current work in anaesthesia
safety. At the most recent meeting of the World Federation of Societies of Anaesthesiologists, the
1992 standardswere revised and updated and subsequently endorsed by the General Assembly
during the 14n World Congress of Anaesthesiologists in Cape Town, South Africa, on 7 March,
2008 (29). The older standards had not, however, been actively promoted or endorsed globally.
If the safety of anaesthetic services is to be improved, wide adoption of the standards is
imperative. The main addition to the previous international standards is the requirement for pulse
oximetry as an essential component of patient monitoring. Pulse oximetry is used almost
universally in industrialized countries during the administration of anaesthesia. While strong,
unequivocal evidence from a randomized clinical trial is lacking, few anaesthesia providersvould
willingly do without this device. As this represents a departure from theprevious standards and
imposes a potentially substantial cost on facilities, a full review of the evidence for this
recommendation is warranted.

Evidence on monitoring with pulse oximetry and capnography

There is no evidence from randomized controlled trials that pulse oximetry orcapnography has
had an important effect on the outcome of anaesthesia @0). Evaluation of any safety
intervention, however, requires consideration not only of the frequency of the adverse events
that might be prevented but also of their potential severity. The prevention of an event may
warrant considerable investment if it is serious, even if it is infrequent. Furthermore, prevention is
more readily justified if the risks associated wih the preventive measures arelow. The death of,
or brain damage to, an otherwise healthy person due to an entirely preventable anaesthetic
mishap, such as ventilator disconnection oroesophageal intubation, is catastrophic; the risks
associated with pulseoximetry and capnography are exceedingly low.

Expert opinion: The anaesthesia community has led health care in the pursuit gbatient safety (8).
A prime example of systems improvement is the adoption of pulse oximetry and capnography as
standard carein anaesthesia. In manycountries today, there is a generation of anaesthetists who
have never practiced without pulse oximetry or capnography, and routine use of these technigues
is mandated in the standards or guidelines of professional anaesthesiarganizations in a number
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of countries (e.g. the Australian and New Zealand College of Anaesthetists, the Hong Kong
College of Anaesthetists, the MalaysianSociety of Anaesthesiologists, the Nigerian Society of
Anaesthetists, theAssociation of Anaesthetists ofGreat Britain and Ireland, the American Society
of Anaesthesiologists in the United States and the Uruguay Society ofnaesthesiologists). It is
likely that pulse oximetry and capnography are used in over 99% of general and regional
anaesthetics in the Wited States and Canadamuch of Europe, Australia, New Zealand and many
other countries. This level of adoption reflects an almost universal conviction on the part of
anaesthesiaproviders that these techniques contribute substantially to the safe provi®n of
anaesthesia. The fact that the standards in many different countries are almostidentical amounts
to an extended ©6Del phi p r o caaeng @xpeftn rTheeweighd bfl i s hi n
international expert opinion overwhelmingly supports use of hese techniques for the safety of
anaesthesia.

Compliance with best-practice guidelines for health care in general issporadic and inconsistent,
even in highly developed systems of health delivery (31); however, compliance with standards,
guidelines and iecommendations for the use of pulse oximetry and capnography in the developed
world is virtually 100%. They have not only been mandated by authorities in the anaesthetic
profession, they have also been embraced wholeheartedly and unequivocally by virtually every
practising anaesthetist who has access to thenB2). Informal surveys indicate that anaesthetists in
many parts of the world cancel elective cases rather than proceed in the absence of either of these
monitors. Widespread use of pulse oximetry isthe primary goal of the Global Oximetry project,

a collaboration among several professional societies of anaesthesiology anahdustry to promote
widespread adoption of pulse oximetry, with particular emphasis in developing countries. The
project includes evaluation of current oximeter design and cost, the educational requirements for
effective use of pulseoximeters and barriers to their widespread adoption in appropriate settings
(33). The adoption of pulse oximetry by anaesthetists has been an unusual,tigkingly successful
example of standardization of practice in health care.

Controlled trials: A recent Cochrane review addressed the value of puls@ximetry in anaesthesia
(30). The authors identified six studies of oximetry, two of which were deemed ineligible for
inclusion because they lacked a control group or information on relevant postoperative
outcomes. They concluded:

0The studies confirmed that p u lardd gelatedkevemte.t r y c an
However, we have found no evidence that pulse oximetry affects the outcome of

anaesthesia. The conflictingsubjective and objective results of the studies, despite an

intense, methodical collection of data from a relatively large population, indicate that the

value of perioperative monitoring with p ulse oximetry is questionable in relation to
improved reliable outcomes, e f f ect i veness and efficiency. o

The authors, however, went on t o ex priablepusadinat |, 0L
the four studies, there are no two groups which could be
compared directly by formalmeta-anal ysi s. 6

Thus, the conclusions of this review were not based on a synthesis of asubstantial body of
comparable data but rather on the only large randomized

controlled trial in which pulse oximetry has been evaluated, with some reference to three much
smaller studies. This trial, conducted by Moller et al. 34), involved 20 802 patients and is
impressive in concept, the detail of the data collected andthe care with which the findings were
presented. The study, howeve, lacked power to show differences in mortality associated with



anaesthesia betweengroups. Given the observed rate of one death partially associated with
anaesthesia per 335 patients, 1.9 million patients would have been needed toshow a significant
difference in outcome. Even for myocardial infarction, 500 000 patients would have been needed
to show a difference in events, on the basis ofthe observed rate of 1 in 650 patients. Thus, the
negative findings of the Moller studyf revealing no change in overal rates of respiratory,
cardiovascular or neurological complicationsii were related to outcomes that would have

required much larger numbers of participants to be detected. It did, however, demonstrate

a 19fold increase in the detection of hypoxaemia in the group monitored by oximetry ( p =

0.00001) as well as a significant increase in the detection ofendobronchial intubation and

hypoventilation. In addition, myocardial ischaemia occurred in half as many patients when
oximetry was used.

The theoretical value of pulse oximetry lies in its ability to provide earlier, clearer warning of

hypoxaemia than that provided by clinical signs alone. This may well reduce mortality rates and

catastrophic hypoxic events, but theseproved too infrequent to be evaluated in a study of only

20 000 patients. While anaesthesiologists still disagree about the implications of the Moller et al.
study, it confirmed unequivocally that pulse oximetry facilitates early detection of hypoxaemia.

Analysis of the data strongly suggest# that oximetry improves outcomes as well. In addition, all

the other identified studies demonstrated at least some benefit of the use of oximetry (Table
11.2.1).

The results of trials of capnography are less clear, partly because its valueti®o obvio us to require
a randomized trial. Oesophageal intubation and hypoventilation are potentially disastrous if not

identified early, and they can be detected reliably and promptly by the use of capnography (9,

42). This is not the case with clinical signs aloe. Capnography can also facilitate the detection of
endobronchial intubation and airway circuit disconnections (43). No reasonable ethics board is
likely to permit a randomized trial of capnography.

Table 11.2.1 & Other studies of pulse oximetry and its demonstrated benefits

Study Benefit
Bierman et al. (35): Blinded Clinically undetected episodes of arterial desaturation were observed
randomized controlled trial of 35 in 7/15 patients in the control group and none in the pulse oximetry
patients undergoing cardiac surgery group.
Moller et al. (36): Blinded The incidence of hypoxaemia was reduced significantly in the
randomized clinical trial of 200 6avail abled group in both the ope

adult patients undergoing general
surgery under general or regional
anaesthesia,allocated randomly to
pulse  oximeter and alarms

6availabl eb v s thed u

anaesthesia team and recoveryroom

staff

Moller et al. (37): Blinded No difference in cognitive function between groups

randomized clinical trial of 736
patients undergoing elective
procedures under general or
regional anaesthesia; oximetry used
during anaesthesia and in the
postanaesthesiacare unit vs not at
all

Coté et al. (38): Controlled study Hypoxic events diagnosed by the oximeter but not the anaesthetist
(alternating patients) in 152 children were more common in the non -oximetry group (13 vs 5: p = 0. 05).




undergoing surgery allocated to
pulse oximeter data and alarms
6avail aburedvavd abl
anaesthesia team

Coté et al. (39): Blinded
randomized clinical trial of 402
paediatric patients in four groups:
(1) oximeter and capnography, (2)
only oximeter, 3) only
capnography and (4) neither

Blinding the oximeter data increased the number
experienci ng 6maj or
Blinding the capnographic data increased the number of patients with
minor capnographic events (47 vs 22: p = 0.003) but not the number

with major capnographic events or desaturation events. More patients

experienced multiple problems when neither capnographic nor

of patients

desatur apt # 0.003).e v

29

oximeter data were available (23 vs 11:p = 0.04). The authors
concluded that oximetry was superior to capnography or clinical
observation in providing early warning of potentially life -threatening
problems, and that use of both monitors together significantly reduced
the number of problems observed in their patients.

After introduction of pulse oximetry in all anaesthet izing locations (not
including the recovery room), the overall rate of unanticipated

admission to an intensive care unit and, specifically, the rate of
admission to rule out myocardial infarction, decreased significantly.

Cullen et al. (40): Non -randomized
study of 17 093 surgical patients

Mateer et al. (41): Non -randomized
study of 191 consecutive adult
patients undergoing emergency
endotracheal intubation

Hypoxaemia (O2 saturation less than 90%) occurred during an
intubation attempt in 30 of 111 unmonitored versus 15 of 100
monitored attempts (p < 0.05), and the duratio n of severe
hypoxaemia (O2 saturation less than 85%) was significantly greater
for unmonitored attempts ( p < 0.05).

Incident reporting: In the seminal work of Cooper and his group (44), reporting of incidents
identified failure to deliver oxygen to pat ients as the leading cause ofmortality during
anaesthesia. Over a decade ago, qualitative analysis of 2000ncidents showed a reduction in
cardiac arrest when pulse oximetry was used(45), 9% of which were first detected by pulse
oximetery. A theoretical analysis of the subset of 1256 incidents involving general anaesthesia
showed that pulse oximetry on its own would have detected 82% of them. Of these, 60% would
have been detected before any potential for organ damage occurred. Capnographyalone would
have detected 55% of these 1256 incidents. If both oximetry and capnography had been used in
combination, 88% of the adverse events would have been detected, 65% before potential
permanent damage @6). A recent review of 4000 incidents and over 1200 medico-legal
notifications reported by anaesthetists in Australia and New Zealand revealed no cases of hypoxic
brain damage or death due to inadequate ventilation or misplaced tubes since thantroduction of
oximetry and capnography (10).

Inferences from data on anaesthesia mortality An analysis of the effects of oximetry and
capnography over time in the Closed Claim Project of the American Society of Anesthesiologists
showed that although the number of damaging events due to respiratory failure decreased, the
number of cardiovascular damaging effects increased}{). A separate analysis based oghanges in
the patterns of incident reporting indicated, however, that catastrophic hypoxic events are much
less common today than they were before the introduction of the se monitors (10). Anaesthesia is
safer today than it was before these techniques were introduced, particularly in the developed
world, where oximetry and capnography are used with nearly 100% compliance.

Other considerations on oximetry and capnography A key element of pulse oximetry and
capnography is their safety. While either type of monitor could provide misleading information
because of technical problems, this is uncommonln the study by Moller et al., for example, it
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occurred in 2% of cases. Expelence and training allow most problems of this type to be identified
and corrected.

Use of these devices requires an understanding of the relevant physiology andgathological
processes leading to the changes they indicate. Their limitations anthe possiblity of incorrect or
artefactual readings must also be appreciated. Foexample, in the United Kingdom, many doctors
and nurses are inadequatelyprepared to interpret oximetry readings accurately (48). Users must
also know how to respond effectively if oxy gen saturation falls, by, for example, administering
supplemental oxygen. Any clinician trained to give anaestheticssafely, including those not
medically licensed, should, however, be able toincorporate either or both techniques into their
practice within a short time.

While the cost of pulse oximetry has fallen dramatically over the past 20 years, concern about
capital outlay and resource constraints is germaneQximeters are relatively inexpensive (e.g. less
than US$ 1000) and may be much cheaper in many places, such as China, where they are
available at a fraction of this price. When calculated over the life of the machine and the number
of patients on whom it can be used, this simple monitoring device becomesexceedingly cosd
effective. In addition, harm due to anaesthetic mishaps is notostfree, and a single error averted
with pulse oximetry justifies its initial cost.

The devices themselves have excellent visual and auditory outputs, areeliable and robust and do
not require much maintenance. Theprobes are, however, readily damaged and their replacement
represents a relatively highproportion of the overall cost of oximetry. It is not easy to calculate
the cost per patient of use of pulse oximetry, but the cost of probes over time is likely to equal or
exceed that of the actual device. Reliable, resistant probes are needed. The coet capnography is
somewhat higher, and maintenance is a little more challenginghan for oximetry.

Conclusion Mandated use of pulse oximetry and capnography in the developed world has stood
the test of time. In settings with limited resources, the issue isomewhat less clear because of
arguments about priorities for health-care funds. The overwhelming weight of evidence is that
these techniques together improve sakty, but it seems likely that much of the gain can be
obtained from oximetry alone. Oximetry appears to provide early warning in a greater variety of
situations than capnography @6). It will alert clinicians to problems in every situation that would
be detected by capnography, perhaps later but certainly in time for action to be taken.
Conversely, there are many situations in whichoximetry is potentially life -saving and in which
capnography alone might not be as helpful. Finally, oximetry is less expense and less difficult to
maintain than capnography.

Preparation for and delivery of anaesthesia

The provision of safe anaesthesia depends on careful preparation, which idacilitated by a
systematic approach to reviewing the patient, machine,equipment and medications. This is ideally
based on a formal check of the anaesthesia system. In addition to the personnel involved in
delivering anaesthetic, the anaesthesia system includes:

2The American Society of Anesthesiologists Cked Claims Project is an irdepth investigation of closed anesthesia
malpractice claims designed to identify major areas of loss, patterns of injury,and strategies for prevention
(http://depts.washington.edu/asaccp/ASAl/index.shtml accessed 3une 2008).
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A any machine or apparatus that supplies gases, vapours, local anaesthesia intravenous
anaesthetic agents to induce and maintain anaesthesia;

A any equipment necessary for securing the airway:

A any monitoring devices necessary for maintaining continuousevaluation of the patient;
and

A the patient him or herself, correctly identified, consensual and evaluatedpreoperatively.

In preparing for anaesthesia, the anaesthesia system should be checkbdfore each anaesthetic,
before the start of each operating day and after any repair or maintenance to equipment or the
introduction of new equipment. Figure 2.1 shows a universally applicable list of the checks to be
made before anaesthetizing any patient. If the items on this list are available and functioning
correctly before every anaesthetic, many mishaps can be prevented and lives wilbe saved.
Additional checks to be undertaken before the first case of the day will depend on the level of
resources available and should be decided locally.

Anaesthesia is usuly administered in the operating room but may be required in intensive care
units, emergency departments or other locations, suchas radiology suites. There are clear
requirements for the provision of safe anaesthesia services and recommended approachesrf
purchasing equipment.Even if there are financial constraints, it is the responsibility of the hospital
management to maintain operating rooms and equipment and to provide an appropriate supply
of medications and other consumables.

Figure 2.1 & Propo sed list of anaesthesia safety checks before any anaesthetic

Patient name Number Date of birth __ /|
Procedure Site
Check patient risk factors Check resources Present and
functioning
(if yeso circle and annotate)
ASA12345E Airway
Masks
Airways
Airway Laryngoscopes (working)
(Mallampati classification) Tubes
,p_;;\ .-""“‘”‘\ Bougies

! Leaks (a fresh gas flow of 300 ml/min
maintains a pressure of >30 cm Hz20)
"-'-'"" 1 '-'-‘"' 2 Cors 3 Clast 4 Soda lime (colour, if present)
Circle system (two-bag test, if present)

I .l'lf‘"::{. ;Fm,'; B
|M|J m' I\i\w Ejl Breafh/ng

Aspiration risk? No suCtion

Allergies? No Drugs and devi ces
Oxygen cylinder (full and off)
Vaporizers (full and seated)




32

Drips (intravenous secure)

Drugs (labelled, total intravenous
anaesthesia connected
Abnormal investigations? No Blood and fluids available
Monitors: alarms on
Humidifiers, warmers and
thermometers

Emergency
Medlications? No Assistant

Adrenaline
Suxamethonium

co-Morbidities? No Selfinflating bag
Tilting table

Facilities: The operating room should be of an appropriate size, well lit, conform to relevant electrical
safety codes and meet design requirements that mininzie hazards from fire, explosion and electrocution.
Electricity and fresh water should always be supplied, and a backup electrical generator should be
immediately available. A maintenance programme must be established in each hospital. Akhnaesthetic
and ancillary equipment should be inspected regularly by qualified personnel and a maintenance record
kept. Ideally, routine maintenance should not interrupt clinical services.

Secure storage is required for medications, particularly opioid drugs, andanaeshetic equipment. A

refrigerator is required for storing drugs such asuxamethonium. Infection control measures are required
to ensure that potentially infectious materials or agents are not transferred between patients or
personnel. These should include espiratory equipment (e.g. disposable filters to protect patients and

circuits), syringes, infusion pump administration sets andnulti-dose drug vials. Sterile practice must be
followed for clinical procedures such as spinal anaesthesia or insertion of cémal venous lines.

Wherever obstetric anaesthesia is performed, a separate area for assessmeatd resuscitation of
newborns, including designated oxygen, suction apparatuselectrical outlets, a source of radiant heat and
equipment for neonatal airvay management and resuscitation, should be provided.

Policies about the running of operating rooms should be agreed. These shouldnclude details on the
composition and organization of operating schedules. Arecord-keeping system (paper or electronic) for
anaesthesia and surgery isssential.

Anaesthesia equipment:An anaesthesia delivery system or machine is a vitapart of the system but
cannot function safely on its own. A professionally trained anaesthesia provider and patient monitoring
devices are ale mandatory for the delivery of safe care. Anaesthesia equipment should be suitable for
the full range of patients treated at the facility. In addition, it should function effectively in the local
environment.

Anaesthesia can be given intravenously, usgnagents such as ketamine, or amhaled mixtures of volatile
gases, such as halothane or isoflurane. Anaesthesgmses can be delivered through continuous flow
equipment (e.g. a Boylesmachine), which depends on supplies of compressed gases, or by drawver
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equipment (e.g. an Epstein Macintosh Oxford [EMO] system), which usesambient air with added
oxygen. In both systems, a vaporizer is needed to deliveran accurate concentration of the volatile agent.

In hospitals with unreliable compressed gas suppl& continuousflow anaesthesia machines cannot
function safely; in this situation, drawover equipment or machines based on oxygen concentrators have
considerable advantages. When anaesthesia machines are purchased, the local environmentust be
taken into account to ensure that the machine will function correctly and can be maintained or repaired.

Gas supplies in anaesthesi@xygen is essential for almost all anaesthesia anthust be readily available
during induction, maintenance and recovery. Many patients require additional oxygen postoperatively

as well. Oxygen may be supplied to operating rooms in cylinders or via pipelines from a central oxygen

distribution point. Hospital oxygen systems may be based on liquid oxygen plants, large cylinders in
central banks or oxygen concentrators. Whicheversystem is used, there must be a method for confirming
that the oxygen supplies are adequate before starting anaesthesia. There should always be a baak

source of oxygen, such as a reserve cylinder. Medical @ga pipeline systems,connectors, pressure
regulators and terminal units should meet national standards for identification, construction and

installation. All safety regulations for the preparation, storage, identification and use of medical gases,
anaestheic drugs and related materials must be met. Wherever anaesthetic gases are usestavenging
systems within the airway circuit should be in place to reduce therisk for long-term exposure.

When oxygen concentrators are installed, users must be aware thathe fraction of inspired oxygen
(FiO2) delivered can vary between 0.93 and 0.99. Concentrators differ in size: some are capable of
supplying an entire hospital, while others are designed to be used as the oxygen source for a single
machine.

Air is commonly used during anaesthesia. Medical air is normally supplied bypipeline from a central
compressed supply and is often used for a number of otherpurposes in operating rooms (e.g. for power
tools and tourniquets) in addition to anaesthesia. Ambient air is ged in drawover anaesthesia.

Nitrous oxide is an analgesic gas often used in anaesthesia. It is supplied asliquid in high -pressure
cylinders and vaporizes to form the gas breathed duringanaesthesia. Nitrous oxide is always used with
oxygen. Anaesthesa machinesshould be designed so that it is impossible to administer a hypoxic mixture
of nitrous oxide. In many countries, nitrous oxide is expensive. It is not often usedin modern anaesthesia
and is not classified as an essential gas. In situations lifnited resources, it is safer to dispose with nitrous
oxide altogether.

Monitoring: Equipment for monitoring may be integrated within the anaesthesia machine or be
provided as separate modules. One monitor can display a numberof parameters or have a sirgle
function. Monitors are complex, with delicate electronic components that are sensitive to heat, dust,
vibration, sudden movement and rough handling.

The most important component of monitoring is the continuous presence of a trained anaesthesia
profesgonal, whose expertise is augmented by the physiological information displayed on the

monitoring devices. In addition to monitoring, careful continuous clinical observation is required,

because theequipment may not detect clinical deterioration as rapidly as a skilledprofessional.

Supplemental oxygen is also essential for all patients undergoing generanaesthesia, and the anaesthetist
should verify the integrity of that supply. Ideally, the inspired oxygen concentration is monitored
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throughout anaesthesiawith an instrument fitted with an alarm set off by a low oxygen concentration.
This ensures that the patient is protected against oxygen supply failure or thelelivery of a hypoxic gas
mixture. Integrated and fail-safe systems, for exampldank yokes and hose connections, should be used
to prevent misconnection of gas sources. As an added measure, tissue oxygenation should also be
monitored continuously by a quantitative monitor of blood oxygenation (e.g. pulse oximetry).  This
provides a secondary sgtem to ensure that the patient does not become hypoxic during surgery. A
redundant system such as this is essential, as thensequence of hypoxia can be catastrophic. Hypoxia is
highly preventable with careful planning and monitoring. Adequate illumination and exposure of the
patient can also provide visual clues to hypoxia by allowing observation of the lips or nail beds.

As the adequacy of the airway, breathing and circulation is essential for safalelivery of anaesthesia,
continuous monitoring is extremely important. For the first two, this can be accomplished by
observation and auscultation at the very least, or by using a precordial, pretracheal or oesophageal
stethoscope. When a breathing circuit is used, the reservoir bag can also be observed. Theorrect
placement of an endotracheal tube can be confirmed, as can the adequacy o¥entilation, by displaying
the expired carbon dioxide waveform and concentration by capnography. When mechanical ventilation
is used, disconnect alarms areessential to prewent catastrophic disconnection of the patient from the
ventilator. Circulation is easily monitored by palpation, auscultation, a display of the pulsewaveform or
electrocardiograph trace. Pulse oximetry has the added benefit ofcontinuous monitoring of bo th tissue
perfusion and heart rate. Arterial blood pressure provides a measure of the adequacy of the peripheral
circulation. It can be measured simply with a blood pressure cuff at appropriate intervals (usuallyat least
every 5 minutes, and more frequently if indicated by clinical circumstances). Continuous measurement
and display of arterial pressure usingnvasive monitoring may also be necessary in certain circumstances.

Homeostatic mechanisms for maintaining body temperature are frequently undermined during
anaesthesia. Hypothermia can increase the risk for infectiorand cause problems of hypocoagulation.
Hyperthermia can be one of the first signs of a medication or anaesthetic reaction. A means of measuring
body temperature is an important component of patient monitoring and should be used at frequent
intervals where clinically indicated, such as in a prolongedoperation or in young children.

Finally, the depth of anaesthesia must be assessed regularly throughout theperation to ensure
appropriate levels of pain control and sedation. This includesan assessment of the state of paralysis
when neuromuscular blocking agents areused.

Ancillary equipment and medications: In addition to anaesthesia apparatus,ancillary equipment and
medications are required to manage emergencies suclas trauma, eclampsia, cardiac arrest and malignant
hyperthermia. Patient warming devices, intravenous fluid warmers and special padding to support
patients during surgery improve the quality of care. A selfinflating breathing bag is necessary in case of
gas flow failure. Units for the care of children should have special paediatric equipment, including Xray
and ultrasound facilities.

Hospitals should ensure that adequate supplies of anaesthetic drugs amsaintained. Table 11.2.2 provides

guidance for such materials and equipmentbut each national society should have guidelines relevant to
their environment. Drugs should be correctly stored, labelled in the local language and used befor¢heir

expiration date. Safe methads of drug administration should be practised byall staff (see Objective 5).
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three levels of

Level 1 - Small hospital or health
centre

(Should meet at | east i
recommended?® a

standards)

Level 2 - District or provincial
hospital

(Shoul d me et at
recommendedd and 0

anaesthesia standards)

Level 3 - Referral hospital (Should
meet at | east 6hi gh
6recemmdedd and [

anaesthesia standards)

Rural hospital or health centre with a

small number of beds (or urban
location in an extremely
disadvantaged area); sparsely

equi pped
procedures

operating

Provides emergency measures in the
treatment of 90095% of trauma and
obstetrics cases (excluding caesareg
section)

Referral of other patients (for example,
obstructed labor, bowel obstruction)
for further management at a higher
level

District or provincial hospital (e.g. with
1000300 beds) and adequately
equipped major and minor operating
rooms

Shortterm treatment of 95899% of

major life -threatening conditions

A referral hospital with 300 61000 or
more beds and basic intensive care
facilities. Treatment aims are the same
as for level 2, with the addition of:

Ventilation in operating room and
intensive care unit Prolonged
endotracheal intubation

Thoracic trauma care

Homodynamic and inotropic treatment

Basic intensive care unit patient
management and monitoring for up to 1
week: all types of cases, but possibly
with limited provision for:

Multi -organ system failure

Haemodialysis

Complex neurological and cardiac surgery

Prolonged respiratory failure

Metabolic care or monitoring

Essential procedures

Essential procedures

Essential procedures

Normal delivery
Uterine evacuation
Circumcision

Same as level 1 with the following
additions:
Caesarean section

Same as level 2 with the following
additions:
Facial and intracranial surgery

Hydrocoele reduction, incision and | Laparotomy (usually not for bowel | Bowel surgery
drainage obstruction) Paediatric and neonatal surgery
Wound suturing Amputation Thoracic surgery
Control of haemorrhage with pressure | Hernia repair Major eye surgery
dressings Tubal ligation Major  gynaecological surgery, e.g.
Debridement and dressing of wounds Closed fracture  treatment and vesicovaginal repair
Temporary reduction of fractures application of plaster of Paris
Cleaning or stabilization of open and | Acute open orthopaedic surgery: e.qg.
closed fractures internal fixation of fractures
Chest drainage (possibly) Eye operations, including cataract
Abscess drainage extraction
Removal of foreign bodies: e.g. in the
airways
Emergency ventilation and airway
management for referred patients such
as those with chest and head injuries
Personnel Personnel Personnel
Paramedical staff or anaesthetic officey One or more trained anaesthesia| Clinical officers and specialists in

(including on-the-job training) who
may have other duties as well

professionals
District medical officers, senior clinical

anaesthesiaand surgery

Nursedmidwife officers, nurses, midwives

Visiting specialists, resident surgeon

obstetrician or gynaecologist

Drugs Drugs Drugs
Ketamine 50 mg/ml injection Same as level 1, but also: Same as level 2 with the following
Lidocaine 1% or 2% Thiopental 500 mg/g powder or additions:
Diazepam 5 mg/ml injection, 2 ml or propofo | Propofol
midazolam 1 mg/ml injection, 5 ml Suxamethonium bromide 500 mg | Nitrous oxide
Pethidine 50 mg/ml injection, 2 ml powder Various modern neuromuscular blocking

Morphine 10 mg/ml, 1 ml

Pancuronium

agents
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Epinephrine (adrenaline) 1 mg

Atropine 0.6 mg/ml

Appropriate inhalation anaesthetic if
vaporizer available

Neostigmine 2.5 mg injection

Ether, halothane or other inhalation
anaesthetics

Lidocaine 5% heavy spinal solution, 2
ml

Bupivacaine 0.5% heavy or plain, 4 ml

Hydralazine 20 mg injection

Frusemide 20 mg injection

Dextrose 50% 20 ml injection

Aminophylline 250 mg injection

Ephedrine 30/50 mg ampoules

Hydrocortisone

(?) Nitrous oxide

Various modern inhalation anaesthetics

Various inotropic agents

Various intravenous antiarrhythmic agents

Nitroglycerine for infusion

Calcium chloride 10% 10 ml injection

Potassium chloride 20% 10 ml injection
for infusion

Equipment: capital outlay

Equipment: capita | outlay

Equipment: capital outlay

Adult and paediatric selfinflating
breathing bags with masks

Foot-powered suction

Stethoscope, sphygmomanometer,
thermometer

Pulse oximeter

Oxygen concentrator or tank oxygen
and a drawover vaporizer with hoses

Laryngosopes, bougies

Complete anaesthesia, resuscitation ang
airway management systems|
including:

Reliable oxygen sources

Vaporizer(s)

Hoses and valves

Bellows or bag to inflate lungs

Face masks (sizes @3)

Work surface and storage

Paediatric anaesthesia system

Oxygen supply failure alarm; oxygen
analyser

Adult and paediatric resuscitator sets

Pulse oximeter, spare probes, adult and
paediatric*

Capnograph*

Defibrillator (one per operating suite or

intensive care unit)*

Electrocardiograph monitor*

Laryngoscope, Macintosh blades ©3(4)

Oxygen concentrator(s) (cylinder)

Foot or electric suction

Intravenous pressure infusor bag

Adult and paediatric resuscitator sets

Magill forceps (adult and child),
intubation

stylet or bougie

Spinal needles 25G

Nerve stimulator

Automatic non-invasive blood pressure

Monitor

Same as level 2 with these additions (per
each per operating room or intensive
careunit bed, except where stated):

Electrocardiograph monitor*

Anaesthesia ventilator, reliable electric
power source with manual override

Infusion pumps (two per bed)

Pressure bag for intravenous infusion

Electric or pneumatic suction

Oxygen analyser*

Thermometer (temperature probe*)

Electric warming blanket

Electric overhead heater

Infant incubator

Laryngeal mask, airways sizes 2, 3,4
(three sets per operating room)

Intubating bougies, adult and child (one
setper operating room)

Anaesthetic agent (gas and vapour)
analyser

Depth of anaesthesia monitors are being
increasingly recommended for cases a
high risk of awareness but are not
standard in many countries.

Equipment: disposable

Equipment: disposable

Equipment: disposable

Examination gloves

Intravenous infusion and drug injection
equipment

Suction catheters size 16 FG

Airway support equipment, including
airways and tracheal tubes

Oral and nasal airways

Electrocardiograph electrodes

Intravenous  equipment  (minimum
fluids: normal saline, Ringer lactate
and dextrose 5%)

Paediatric giving sets

Suction catheters size 16 FG

Sterile gloves sizes &

Nasogastric tubes sizes 16 FG

Oral airways sizes 00@4

Tracheal tubes sizes@.5 mm

Spinal needles sizes 22 G and 25G

Batteries size C

Same as level 2 with these additions:
Ventilator circuits

Yankauer suckers

Giving sets for intravenous infusion pumps
Disposables for suction machines

Disposables for capnography, oxygen
analyser, in accordance with
manufacturersd speg¢

Sampling lines
Water traps
Connectors

Filters and fuel cells

* |t is preferable to combine these monitoring modalities in one unit.



37

Adapted in part from ( 28,49)

Infrastructure, supplies and care standards?WHO has established a list of necessary equipment for
resuscitation, acute care and emergency surgery anahaesthesia in countries with limited health budgets.
This is updated in Tablell.2.2. The three-level model takes into account the fact that the provision of
staff and equipment to meet the needs of the population served by the type of hospital considered must
be within the constraints of available resources and that not allfacilities can provide every sevice.

In the smallest units, many basic surgical procedures are undertaken witltocal anaesthesia. Emergency
operations (notably caesarean sections and otherobstetric procedures) are often performed under
ketamine or regional anaesthesia without accessotproper facilities or anaesthetic equipment. At times,
anaesthesia is provided under the supervision of the surgeon as the moshighly qualified health
professional available. Despite the fundamental issue ofresources, all health units should strive tomeet
the O0highly r e cstandardsnistesl Befow. Whepshould also work to meet as many of the
6recommendedd standards as possible.

In considering the formulation of standards and the requirement to balance resources against
requirements, healthauthorities and administrators shoulda | i gn t he standards of 01
6recommendedd an dthedhsee lgvgle o fadditibd outlined imTable 11.2.2. For each level

of facility, it is desirable to exceed the applicable anaesthesiatandard. In well-resourcedlocations with
well-functioning facilities, professionals should be able to exceed

the 6recommendedd anaesthesia standard.

Recommendations
Highly recommended:

1 The first and most important component of peri -anaesthetic careis the continuous presence of a
vigilant, professionally trained anaesthesiaprovider. If an emergency requires the brief temporary
absence of theprimary anaesthetist, judgement must be exercised in comparing thehreat of an
emergency to the risk of theanaest heti zed pantinealectiGgsthe clmioiahilefti o n
responsible for anaesthesia during theemporary absence.

1 Supplemental oxygen should be supplied for all patients undergoinggeneral anaesthesia. Tissue
oxygenation and perfusion should be monitored continuously using a pulse oximeter with a
variable-pitch pulse tone loud enough to be heard throughout the operating room.

1 The adequacy of the airways and of ventilation should be monitored continuously by observation
and auscultation. Whenever mechanical ventilation is employed, a disconnect alarm should be
used.

9 Circulation should be monitored continuously by auscultation or palpation of the heart beat or by
a display of the heart rate on a cardiac monitor or pulse oximeter.

9 Arterial blood pressure should be determined at least every 5 minutes andmore frequently if
indicated by clinical circumstances.

1 A means of measuring body temperature should be available and used afrequent intervals where
clinically indicated (e.g. prolonged or complex anaesthesia, children).
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1 The depth of anaesthesia (degree of unconsciousness) should be assessegularly by clinical

observation.
Recommended

1 Inspired oxygen concentration should be monitored throughout anaesthesia with an instrument
fitted wit h a low-oxygen concentration alarm. In addition, a device to protect against the delivery
of a hypoxic gas mixture and an oxygen supply failure alarm should be used.

1 Continuous measurement and display of the expired carbon dioxide waveform and concentration
(capnography) should be used to confirm the correct placement of an endotracheal tube and also
the adequacy of ventilation.

1 The concentrations of volatile agents should be measured continuously, ashould inspiratory or
expired gas volumes.

1 An electrocardiograph should be used to monitor heart rate and rhythm.

1 A cardiac defibrillator should be available.

1 Body temperature should be measured continuously in patients in whom achange is anticipated,
intended or suspected. This can be done bycontinuous electronic temperature measurement, if
available.

91 A peripheral nerve stimulator should be used to assess the state gdaralysis when neuromuscular
blocking drugs are given.

References

1. Arbous MS, et al. Impact of anesthesia management characteristics omsevere morbidity and mortality.
Anesthesiology 2005, 102:257 68.

2. Buck N, Devlin HB, Lunn JN, eds. The report of the confidential enquiry into perioperative deaths 1987
Oxford, The Nuffield Provincial Hospitals Trust, King's Fund, 1987.

3. Lienhart A, et a. [Preliminary results from the SFARINSERM inquiry on anaesthesiaelated deaths in France:
mortality rates have fallen ten-fold over the past two decades.] Bulletin de I'Academie Nationale de
Medecine, 2004, 188:1429541.

4. Mackay P, Cousins M. Safety inanaesthesiaAnaesthesia and Intensive Care2006, 34:30334.

5. MacKay P. Safety of anesthesia in Australia. A review of anaesthesia mortality 19921999. Melbourne,
Australian and New Zealand College of Anaesthetists, 2002.

6. Gibbs N. Safety of anesthesia inAustralia. A review of anaesthesia mortality 200062002. Melbourne:
Australian and New Zealand College of Anaesthetists, 2006.

7. Lagasse RS. Anesthesia safety: model or myth? A review of the published literatuend analysis of current

original data. Anesthesiology, 2002, 97:1609617.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

39

Cooper JB, Gaba D. No myth: anesthesia is a model for addressing patient safetyAnesthesiology 2002,
97:133547.

Eichhorn JH. Prevention of intraoperative anesthesia accidents and related severéjury through safety
monitorin g. Anesthesiology 1989, 70:57247.

Runciman WB. latrogenic harm and anaesthesia in AustraliaAnaesthesia andIntensive Care 2005,
33:2978300.

McKenzie AG. Mortality associated with anaesthesia at Zimbabwean teachinghospitals. South African
Medical Journal, 1996, 86:338842.

Heywood AJ, Wilson IH, Sinclair JR. Perioperative mortality in Zambia. Annals of the Royal College of
Surgeons of England1989, 71:35438.

Hansen D, Gausi SC, Merikebu M. Anaesthesia in Malawi: complications and deathslropical Do ctor, 2000,
30:14609.

Ouro-Bang'na Maman AF, et al. Deaths associated with anaesthesia in Togo, We#tfrica. Tropical Doctor,
2005, 35:220 &2.

Hawkins JL, et al. Anesthesiaelated deaths during obstetric delivery in the United States, 19791990.
Anestheslogy 1997, 86:277-84.

Cooper GM, McClure JH. Maternal deaths from anaesthesia. An extract from Why Mothers Die 2000 62002,
the Confidential Enquiries into Maternal Deaths in the United Kingdom; Chapter 9: Anaesthesia. British
Journal of Anaesthesia2005, 94:417623.

Weindling AM. The confidential enquiry into maternal and child health (CEMACH). Archives of Disease in
Childhood, 2003, 88:103401037.

Enohumah KO, Imarengiaye CO. Factors associated with anaesthesialated maternal mortality in a tertiary
hospital in Nigeria. Acta AnaesthesiologicaScandinavica2006, 50:206 810.

Fenton PM, Whitty CJM, Reynolds F. Caesarean section in Malawi: prospective studyof early maternal and
perinatal mortality . British Medical Journal, 2003, 327:587.

Hodges SC, etal. Anaesthesia services in developing countries: defining the problemsAnaesthesia 2007,
62:4011.

Binam F, et al. [Anaesthesia practices in Yaounde (Cameroon)]Annales Francaisesl'Anesthesie et de
Reanimation, 1999, 18:647356.

Kimaro E, Towey RM. Anaesthesia in rural TanzaniaTropical Doctor, 2001, 31:1024.
Towey R, Kimaro E. Only if she has a fishing rod!British Medical Journal, 1998, 317:1711.

Mavalankar DV, Rosenfield A. Maternal mortality in resource-poor settings: policy barriers to care.
American Journal of Public Health, 2005, 95:200 &3.

Millar S. Obstetric care in Georgia and Armenia. Anaesthesia News2007, 235:3 85.

Eichhorn JH, et al. Standards for patient monitoring during anesthesia at HarvardMedical School. Journal of
the American Medical Association 1986, 256:101620.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

40

Eichhorn JH. The standards formulation processEuropean Journal of Anaesthesiology 1993, 10 Suppl 7:9
11.

International Task Force on Anaesthesia Safety. International standards for a safgractice of anaestheia.
European Journal of Anaesthesiology 1993, 10 Suppl. 7:135.

World Federation of Societies of Anaesthesiology. 2008 International standard for safe practice of
anaesthesia. http://www.anaesthesiologists.org (accessed 10 M&3008).

Pedersen T, Dyrlurd Pedersen B, Moller AM. Pulse oximetry for perioperative monitoring. Cochrane
Database of Systematic Review003(2): CD002013.

McGlynn E, et al. The quality of health care delivered to adults in the United States.New England Journal
of Medicine, 2003, 348:2635 d45.

Eichhorn JH. Pulse oximetry as a standard of practice in anesthesidnesthesiology 1993, 78:42356.
Thoms GM, McHugh GA, O'Sullivan E. The Global Oximetry initiative. Anaesthesia2007, 62 Suppl 1:7537.

Moller JT, et al. Randomized evaluation of pulse oximetry in 20,802 patients: Il. Perioperative events and
postoperative complications. Anesthesiology 1993, 78:4450653.

Bierman MI, Stein KL, Snyder JV. Pulse oximetry in the postoperative care of cardiasurgical patients. A
randomized controlled trail (comment). Chest 1992, 102:136%70.

Moller JT, et al. Hypoxaemia is reduced by pulse oximetry monitoring in the operating theatre and in the
recovery room. British Journal of Anaesthesial992, 68:1463850.

Moller JT, et al. Perioperative mo nitoring with pulse oximetry and late postoperative cognitive dysfunction.
British Journal of Anaesthesial1993, 71:34057.

Cote CJ, et al. A singleblind study of pulse oximetry in children. Anesthesiology 1988, 68:18438.

Cote CJ, et al. A singleblind study of combined pulse oximetry and capnography in children.
Anesthesiology 1991, 74:980587.

Cullen DJ, et al. Effect of pulse oximetry, age, and ASA physical status on th&zequency of patients admitted
unexpectedly to a postoperative intensive care unt and the severity of their anesthesiarelated complications.
Anesthesia and Analgesial992, 74:18D8.

Mateer JR, et al. Continuous pulse oximetry during emergency endotrachealintubation. Annals of
Emergency Medicine 1993, 22:67589.

Holland R, Webb RK, Runciman WB. The Australian Incident Monitoring Study. Oesophageal intubation: an
analysis of 2000 incident reports. Anaesthesia andntensive Care 1993, 21:608310.

Russell WJ, et al. The Australian Incident Monitoring Study. Problems withventilation : an analysis of 2000
incident reports. Anaesthesia and Intensive Cargl993, 21:61520.

Cooper JB, Newbower RS, Kitz RJ. An analysis of major errors and equipmentfailures in anesthesia
management: considerations for prevention and detection. Anesthesiobgy, 1984, 60:340642.



45.

46.

47.

48.

49.

41

Runciman WB, et al. The pulse oximeter: applications and limitationdi an analysis 0of2000 incident reports.
Anaesthesia and Intensive Carel993, 21:543350.

Webb RK, et al. The Australian Incident Monitoring Study. Which monitor? An analysis of 2000 incident
reports. Anaesthesia and Intensive Carel993, 21:529542.

Cheney FW, et al. Trends in anesthesiselated death and brain damage: a closed claims analysis.
Anesthesiology 2006, 105:108156.

Stoneham M, Saville G, Wilson IH. Knowledge about pulse oximetry among medical and nursing staff.
Lancet 1994, 344:1339%42.

World Health Organization. Surgical care at the district hospital Geneva, World Health Organization,
2003.



42

Objective 3: The team will recognize and effectively prepa re for life -threatening loss of airway
or respiratory function.

Securing the airway of a patient undergoing general anaesthesia is the singtaost critical event during
induction. Reduced tone in the upper airway results in airway collapse and diminished protective
reflexes expose the patient to the riskof aspiration. In addition, most anaesthetics reduce respiratory
drive, and administration of muscle relaxants at clinical doses causes complete paralysigreventing
patients from breathing on their own. In this situation, the anaesthetized patient is extremely vulnerable
to hypoxia and completely dependent on the anaesthesia professional for airway maintenance and
ventilation. In the past, adverse outcomes associated with respiratory eventsvere the largest class of
injury in the American Society of AnesthesiologistsClosed Claims Project 1). Inadequate ventilation,
oesophageal intubation, difficult tracheal intubation and aspiration were the most common mechanisms
of respiratory-related adverse outcomes(284). Inability to maintain oxygenation in a patient is one of
the most feared situations in anaesthesia. Inadequate management of a failed airway, including
inadequate identification of its risk, continues to contribute to preventable mortality associated with
anaesthesiaaround the world.

Incidence of difficult and failed airway management

A failed airway has been defined as three unsuccessful attempts atrotracheal intubation by a skilled
practitioner or failure to maintain acceptable oxygen saturaion (usually O 90%) in an otherwise normal
patient (5). Whilefailure to secure an airway is infrequent in much of the developed world, it can have
catastrophic consequences for the patient. Mortality from anaesthesiarelategprocedures frequently can
be due to failure to recognize and addressairway and ventilation problems that compromise the
patient 6s oWwhiegmany attategies can be used to manage a difficult airwafi such as mask
ventilation, insertion of a laryngeal mask airway, endotracheal intubation, fib reoptic intubation and, in
the most extreme cases, creation of a surgical airway simultaneous failure of these approaches is fatal.

Difficulties can arise with any of the strategies described above, and while theincidence of these
difficulties has been stimated, it varies with the skill of the anaesthetist and the case mix. Table 11.3.1
presents the reported incidence ratesof failure with various techniques for airway management. Apart
from failure of these techniques, some situations are particularlyisky and can result in airway loss.
Airway difficulties during emergency intubation can occur in up to 20% of emergency cases, and the
incidence of failed intubation and ventilation is 10-fold higher in obstetric anaesthesia than in other
settings 6, 7).

A number of reviews show that airway loss continues to plague anaesthesiaelivery. The ninth report of
the Victorian Consultative Council on Anaesthetic Mortality and Morbidity in Australia listed 41
anaesthesiaelated events between 2000 and 2002, giving an estimated mortality rate associated with
anaesthesia of 1 in 47 000 (). Airway difficulties were the cause of two deaths and 11 morbid events;
aspiration was the cause of a further five deaths and twomajor morbid events; and 12 cases of acute
negative pressure pulmonary oedemawere attributed to airway obstruction during emergence from
anaesthesia.In addition, failures in airway management or ventilation contributed to 16 deaths reported
throughout Australia over the same period (12). The Austrdian Incident Monitoring Study (AIMS)
reported 160 difficult intubations; lack of an adequate preoperative assessment and preparation
contributed to the failure to predict difficulties in over half of these cases 13). Difficulty with face -mask
ventilation occurred in 23 incidents, and 12 patients required emergency airway procedures. While
deaths were rare, the report concluded that problems with airway management remain a challenge.
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Table 11.3.1 9 Failure of airwvay management, by technique

Technique Failure rate (%)
Bag mask ventilation (8) 0.16
Supraglottic airway insertion (9) 2-6
Intubation (10) 0.0580.35

Intubation requiring multiple attempts or blades with optimal external
laryngeal manipulation occurs in 218% of intubations Intubation requiring
multiple attempts or blades with optimal external laryngeal manipulation
and also requiring multiple laryngoscopists occurs in 4% of intubations

Intubation and ventilation (10) 0.000160.02

Similar problems are reported from other developed countries. In the United States, 179 claims arising
from difficulties in airway management were identified in the American Society of Anesthesiologists
Closed Claims Project databasebetween 1985 and 1999 ( 14). Most (87%) occurred during
perioperative care, while the remainder occurred at locations other than the operating room. Death
resulted from these airway crises 58% of the time and brain damage 100% of thetime, and persistent
attempts at intubation were associated with an increasedlikelihood of death or brain damage. A study
of mortality associated with anaesthesia in the Netherlands showed a mortality rate of 1.4 per 10 000
anaesthesias; of the 119 anaesthesiated deaths, 12 (10%) were associatedwith ventilato ry
management (15).

Much higher avoidable mortality associated with anaesthesia has beemneported in developing countries.

In Zimbabwe, a rate of 1:3000 was reported, with airway catastrophe being a major cause of death (L6).

In Zambia, the death rate attributable to anaesthesia was 1:1900, half of which was a direct result of
failed airway management (17). In Malawi, the anaesthesiaattributable death rate was 1:500, nearly all
of which stemmed from failure to secure the airways or prevent aspiration (18). In Togo, the mortality
rate associated with anaesthesiavas 1:150, and eight of the 11 deaths (out of 1464 anaesthesias) were
due to compromised airways (19). These studies illustrate the hazards that surgicalatients face due to
the pervasive absencef safe anaesthetic practice.

Taken collectively, these results show that failure to maintain an airway andto ventilate and oxygenate
patients adequately continues to pose a serious riskduring anaesthesia throughout the world. While
there are few data from countries with limited resources, the risk for harm is even greater when optimal
assistance, expertise and equipment are not available.

Airways assessment

Preoperative recognition of a difficult airway allows for appropriate preparation and planning (20823).
Failure to evaluate the airway and anticipate problems is widely accepted as the most important factor

in ventilation and oxygenation failure (1) . Therefore, every patientods
assessed before anaesthesia and the resuwfshe assessment recorded.

)
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A complete airway assessment i nconditiomsdiscluding eomporets ent 0
of airway compromise, such as sleep apnoeaand asthma), prior surgery and anaesthesia and previous
difficulties with anaeghesia. It also includes a thorough physical examination, with particularattention to

body habitus and obesity, characteristics of the neck includingshortness or lack of mobility, and
characteristics of the jaw including a recedingaw or limited ability to open the mouth. Dentition is also

an important component of assessment: loose or protruding teeth and dentures or implantsshould be

noted. Several tests or investigations can be used in evaluating guestionably difficult airway, including

airway tests (discussed below) andradiographs (including computed tomography if tracheal compression

is suspected).

A number of bedside screening tests have been proposed for identifyinglifficult airways, but no single
test or combination of tests can always predct a difficult airway ( 8, 24). As difficult intubation is rare,
even highly specific andsensitive tests have low positive predictive value 25, 26). Diagnostic reliability
is increased by combining tests and using clinical judgement in evaluatingharaceristics that might
predispose the patient to difficulty, such as obesity ora short, immobile neck (24). The most useful
bedside test for predicting a difficult intubation in an apparently normal patient is a combination of the
Mallampati classification and thyromental distance.

Thyromental distance:Patil and Zauder first described measurement of thehyromental distance in 1983
( 27). This objective test is based on a measurementaken with a ruler or thyromental gauge from the
thyroid notch to the undersurface of the mandible with the head fully extended. In an adult,
laryngoscopy and intubation should be straightforward if the thyromental distance is > 6.5 cm,
challenging if it is 6.006.5 cm (especially if associated with prominent teeth, receding jaw,
temporomandibular joint problems or cervical spine abnormalities), and often impossible if the
thyromental distance is < 6.0. In fact, difficult intubation can occur with both extremes of the distance
(28).

Mallampati classification: The Mallampati test is a subjective evaluation of theratio of oral cavity
volume to tongue volume ( 29). Mallampati et al. originally proposed three oropharyngeal classes, but
modified this to comprise four classeson the basis of experience with the technique @0, 31). The test is
performed on a sitting patient with the head in a neutral position, mouth fully opened and tongue fully
extended and involves evaluating the visibility of anatomical structures, as shown in Figure 3.1. The
difficulty of intubation is then classified, a Class 1 airway being the easiest to manage and control by
intubation, and a Class 4 airway being potentially the most difficult.

These screening tests are designed to help clinicians predict the potentidifficulty of intubation during
airway control and management. They are therefore useful for assessment and their use can prevent
problems (32). They cannot be used to predict potential difficulty with perfect accuracy, however, and it
would be dangerous to assume that an evaluation indicating aneasyintubation will necessarily always
be a simple intubation. A patient whose airway defies accurate prediction has the highest likelihood of
catastrophe duringinduction.

Fig. 3.1 8 Mallampati classification of the airway
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Cass 1 Cass 2 Cass 3 Cass 4

Class 1 = soft palate, fuces, uvula, anterior and posterior pillars
Class 2 = soft palate, fauces, uvula

Class 3 = soft palate, base of uvula

Class 4 = soft palate not visible at all

Management of the airway

Guidelines for managing a difficult airway are numerous, and manystrategies exist to manage the airway
during induction (22, 33838). The generalthemes of all the guidelines and recommendations are similar:
avoid hypoxia; prevent trauma; use preplanned strategies; attempt to identify a difficult airway
preoperatively; be prepared with equipment, assistance and skill; be practised ira range of techniques;
have backup plans; confirm endotracheal intubation; prepare a clear extubation strategy; and, if the
airway is difficult, consider managing patients while they are awake. The essential requirement for
managing a difficult airway is a skilled practitioner with adequate assistance, &lear plan of action and
suitable equipment.

Several techniques can be considered in planning the management of aairway, each of which can be
used according to the circumstances, or @ombination can be used if one is inadequate for maintaining a
patent airway.

Facemask ventilation: Ventilation with a face mask is a fundamental skill in anaesthesia. Success
depends on the ability to maintain a patent airway while holding an airtight seal with a bag-mask; it
requires proficiency acquired with practice. The advent of the laryngeal mask airway reduced the need
to use facemaskventilation in the maintenance of anaesthesia. In countries with a ready supply of
laryngeal mask airways, this skill may be less widespread thaformerly.

Facemask ventilation, while the most basic of skills necessary to maintain amairway, can be difficult.
Problems occur when the practitioner cannot provide sufficient gas exchange because of inadequate
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mask seal, large volume leaks oexcessive resistance to the ingress or egress of ga). The incidence of
difficult mask ventilation in adults is estimated to be 1.45%, and ventilation is impossible to achieve in
0.16% of anaesthetized patients 8, 39). Independent risk factors for difficult mask ventilation include
age > 55 years, body mass index > 26 kg/mz, presence of a beard, lack of teeth, history of snoring,
severely limited jaw protrusion and a thyromental d istance < 6 cm. Of these, only a beard is easyto
modify.

Supraglottic airway ventilation: The laryngeal mask airway has become thedevice of choice for
supraglottic airway ventilation. Its growing popularity, where it is available, is testament to its
superiority to manual face-mask ventilation. Again, skill and practice are required to appropriately insert
it and safely maintain it in position, and inadequate supraglottic airway ventilation occurs after 266% of

insertions Q). Appropriate patient selection is also essential toavoid problems and complications (40,

41). Factors associated with difficult supraglottic airway use include restricted mouth opening, upper
airway obstruction at or below the level of the larynx, a disrupted or distorted airway,

stiff lungs and a stiff cervical spine 42).

Endotracheal intubation: Endotracheal tubes have become fundamental to thepractice of anaesthesia,
particularly since the advent of neuromuscular blockade(43). Its usefulness for maintaining the patency
of the airway in anaesthetizedpatients is undisputed. The skill required to accurately insert and properly
maintain an endotracheal tube comes from substantial practice, as well ashorough knowledge of the
anatomy of the upper airways and comfort with its many physiologic variations. Difficult endotracheal
intubation occurs when multiple attempts are required, either in the presence or absence of diseas&p).

A fourdgrade scoring system has been devised to define the difficulty of directaryngoscopy on the basis
of the appearance of the larynx (6): Grade I, full view; Grade Il, partial view; Grade lll, epiglottis only;
and Grade 1V, no epiglottis visualized. Recording and transmitting this information among care providers
when a difficult airway is encountered is fundamental to safe practice. Theincidence of difficult
intubation depends on the skill of the laryngoscopist. Techniques and devices to facilitate successful
intubation of the trachea include optimum external laryngeal manipulation, appropriate pa tient
positioning, purpose-designed laryngoscope blades, appropriate stylets or bougies and fibreoptic
laryngoscopes. True expertise in endotracheal intubation comes fromextensive training and experience,
which should be incorporated into the wider expertise associated with overall management of a difficult
airway. It is clearly unsafe practice to expect safe management of difficult airways from relatively
untrained personnel with inadequate resources.

Fibre-optic intubation: The ability to cannulate the airways by flexible bronchoscopy is a skill required
of all anaesthetists. It is considered the goldstandard for managing an airway expected to be difficult
(44). The indications for its use are numerous: endotracheal intubation of normal and difficult airways,
placing selective segmental blockers and tubes such as for thoracic casassessing airway function and
diagnosing pathology, monitoring during tracheostomy, changing the endotracheal tube, confirming
tube placement, broncho-alveolar lavage, plachg nasogastric tubes, facilitating other airway
management techniques such as retrograde intubation and laryngeal maskirway placement in difficult
patients, avoiding extension of the neck or dental damage, performing intubation with topical
anaesthesia ad improving experience and teaching 45848). Relative contraindications are important to
recognize, however, and include an acute lifethreatening airway obstruction, an uncooperative
conscious patient, copious secretions or blood in the airway, anairway-obstructing abscess or friable
tumour and distortion of anatomy that limits the airway space @9, 50).
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While clearly useful in patients with difficult airways, fibre-optic intubation can have a number of
important adverse consequences, such as hypoxiahacteraemia, trauma to the airway and laryngeal
cords and alterations in blood pressure and heart rate $1054). In addition, the apparatus can be
expensive to acquire and requires several other functioning pieces of equipment, includingendoscopic
masks andairways, oxygen, suction, bite blocks and a topical anaesthetic spray or atomizer to allow
comfortable passage of the bronchoscope.

The success rate of flexible bronchoscopy can be very high, but it depends ooase selection and the skill
of the operator. A review of a series of fibre-optic intubations showed a 98.8% success rate §5). Yet

lack of training and experience in flexible bronchoscopy are major problems, even where this equipment

is routinely available. A survey of 386 anaesthesiologists in N&v Zealand revealed that the mean number

of fibre-optic intubations performed per year was three for consultants and four for trainees, and
confidence in the technique varied widely (44).

Fibre-optic intubation requires skill and resources, but it is usefufor establishing the status of the airway
in patients who are at high risk for airway failure. The technique should be reserved for carefully selected
cases and used byanaesthesia professionals experienced with it and familiar with the equipmentand
manoeuvres required.

The following provisional lists of the ideal equipment for managing a difficult airway were drawn up by
the Australian and New Zealand College of Anaesthetists $6).

Immediately available (for the management of adult patients without upper airway obstruction):
Oxygen
CO2 detector
Seltinflating bag
Pulse oximeter
Suction
Means for calling for help
Face masks #3, 4 and 5 suitable for artificial ventilation
Oropharyngeal airways #3, 4, 5 and 6
Nasopharyngeal airways #6, 7 and 8
Larynged masks #3, 4 and 5
Endotracheal tubes, cuffed, #6, 7, and 8
Laryngoscope handles x 2
Compatible blades #3 and 4
Angled blade (e.g. Kessel blade)
Tracheal tube introducer able to hold its shape or with a coudé tip
Malleable stylet
Water-soluble lubricant
Magill introducing forceps
Difficult airway algorithm flowchart

Readily avail abl e 06 dsholldidealybe $ealea,iavailatdeywithin @0 rsecamnds, raleeguipment
within it compatible, restocked promptly after each use and all staff oriented to its location)

Short laryngoscope handle

At least one alternative blade (straight)

Intubating laryngeal mask airway #3, 4 and 5, with fast-track dedicated tubes andstabilizing rod or C-track

Specialized tracheal tubes: reinforced #5 and 6, cuffedmicrolaryngoscope 5 and 6-mm

Aintree intubating catheter

Flexible intubating bronchoscope with portable battery light source
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Fibre-optic equipment with spare battery or light source, intubating airways, local anaesthetic (sprays, jelly,
atomisers), bite Hock

Easytube: small and adult, or Combi-tube

Airway exchange catheter

Supreme laryngeal mask airway (or equivalent) # 3, 4 and 5

Surgical cricothyroidotomy kit (scalpel with #20 blade, tracheal hook, Trousseaudilator, 6 - or 7-mm tracheal
and tracheostomy tubes)

Cricothyroidotomy cannula with high -pressure jet ventilation system oxygen flow modulator

Largebore cricothyroidotomy cannula

Oesophageal intubation detector device such as a capnograph

Pulse oximeter

Aspiration of gastric contents

The incidence of aspiration during general anaesthesia has been estimated &t6 per 10 000 in patients
undergoing elective surgery and 11 per 10 000 irpatients undergoing emergency procedures %7). The
overall incidence of aspiration with a laryngeal mask airway is 2 per 10 000 (58). Aspiration remains a
significant risk for patients undergoing anaesthesia, even in the mostechnologically advanced settings,
and can result in substantial morbidity 2, 3). Predisposing factors for aspiration include emergency
surgey in a nonfasting patient, obesity, a difficult airway or difficulty with intubation, steep
Trendelenburg position with an inflated abdomen, pregnancy and previous gastric surgery. The risk for
aspiration can be reduced by recognizing these riskactors, decompressing the stomach before induction
and induction and intubation in rapid succession with pre-oxygenation and cricoid pressure. If mask
ventilation is necessary, low pressure and slow inflation times are important. The risk for aspiration can
also be reduced by appropriate selection of both patients and the method of airway control, correct
insertion of airway devices and appropriate depth of anaesthesia.

It is widely accepted that application of cricoid pressure is important for preventing passiveregurgitation

of stomach contents, predicated on theassumption that cricoid pressure will be applied correctly £9). In

fact, the efficacy of cricoid pressure is largely unproven, and most clinicians and theiassistants do not
apply it correctly (60, 61). Aggressive cricoid pressure can causkacheal compression and prevent
ventilation o r require high bag pressures; itan also distort the airways during intubation and can create
a worse view at laryngoscopy (62, 63). Thus, unskilled application of cricoid pressure might actually

increase the risks for failed intubation and regurgitation @0).

Aspiration of gastric contents may produce harm either by blockage of theairway with solid material
resulting in immediate hypoxia or by gastric acid causing a meumonitis. Pneumonitis, which may
progress to acute respiratorydistress syndrome, is worsened by low pH of the aspirate. An appropriate
period of fasting are recommended prior to elective surgery to minimize gastric contentsand the
likelihood of aspiration; this is not usually feasible in emergency surgeryhowever. Patients at risk of
aspiration can be treated prior to elective surgery by either a proton pump inhibitor (e.g. omeprazole,
lansoprazole) or an Hz2 antagonist (e.g. ranitidine, cimetidine) and prior to emergency surgery with oral
sodium citrate.

Airway disasters, while uncommon, are lethal and entirely preventable with appropriate planning,
adequate preinduction airway evaluation and careful preparation of the patient and equipment. The
skill, experience and judgement of a practised anaesthesia professional and the timely and appropriate
support of assistants can avert airway catastrophes and prevent death from anaesthetadministration.
All anaesthetists should have a strategy for intubatio of the difficult airway.
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Recommendations
Highly recommended:

1 All patients should undergo an objective evaluation of their airway before induction of
anaesthesia, even when intubation is not anticipated, in orderto identify potential difficulties in
airway management.

1 The anaesthesia professional should have a planned strategy fomanaging the airways and be
prepared to execute it, even if airway loss isnot anticipated.

1 When the anaesthesia professional suspects a difficult airway, assistarsharing induction should be
immediately available and a backup plan for airway management should be clearly identified.

1 When a patient is known to have a difficult airway, alternative methods of anaesthesia should be
considered, including regional anaesthesiar awake intubation under local anaesthetic.

1 All anaesthesia professionals should maintain their airway managemergkills and be familiar with
and proficient in the multiple strategies for dealing with difficult airways.

1 After intubation, the anaesthetist should always confirm endotracheal placement by listening for
breath sounds as well as gastric ventilationandnoni t ori ng the patientds o0X
oximeter.

9 Patients undergoing elective surgery should be fasting prior toanaesthesia. Thos at risk of
aspiration should be pretreated to reduce gastric secretion and increase pH.

Recommended:

1 The anaesthesia prefessional should confirm endotracheal placement afténtubation by use of
capnography.

9 The results of the airway evaluation and a description of the ease or difficulty of intubation, if
performed, should be recorded in the anaesthesia record.
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Objective 4: The team will recognize and effectively prepare for risk of high blood loss.

Loss of a large volume of blood, especially when associated withhaemodynamic instability, has been
clearly associated with poor surgicaloutcome (1). Controlling haemorrhage and mitigating its clinical
effects by appropriate fluid resuscitation are important components of intraoperative care. Clinical
knowledge of resuscitation in the setting of haemorrhagic hypovolaemia was initially based on field
observations of soldiers injured in battle (2). Rapid accumulation of scientific knowledge of the
physiology of shock came during the twentieth century with controlled experiments in animal models

(3). This work conclusively demonstrated that fluid resuscitation is essential to reverse thsigns and
symptoms of shock from hypovolaemia (4).

In advanced trauma care systems, standard practice dictates early initiatiof intravenous access and
fluid administration to victims of trauma. In epidemiological studies, haemorrhage has been shown to be
the major cause of death of trauma victims (5). The Advanced Trauma Life Support course directedby
the American College of Surgeons mandates the insertion of two largeébore intravenous lines for all
traumatically injured patients as soon as possiblejncluding before hospitalization (6). This allows the
administration of fluid and medications before arrival at the hospital and minimizes delays once the
patients have arrived at a facility capable of delivering care. Early attempts at manualpressure control of
external haemorrhage are also important.

Table 11.4.1 & Classification of hypovolaemic shock associated with acute blood loss (in adults)
Class | Class Il Class Il Class IV

Blood loss O 750 ml 750061500 ml 150062000 ml > 2000 ml

% of blood volume lost 15% 15630% 300640% > 40%

Pulse rate <100 > 100 > 120 > 140

Blood pressure Normal Normal to Decreased Markedly

decreased decreased

Mental status Normal to slightly  Mildly anxious Anxious and Confused or
anxious confused lethargic

Urine output Normal Reduced Minimal Nil

Fluid replacement Crystalloid Crystalloid Crystalloid and Crystalloid and

blood blood

From American College of Surgeons Advanced Trauma Life Support manu46)

Shock can be categorized clinically by the magnitude of blood loss (Tablell.4.1). Up to 15% of the
circulating volume can be lost without obvious clinical symptoms, particularly in healthy individuals. By
the time 30% of the circulating volume is lost, however, patients usually begin to display the early signs
of shock: tachycardia, hypotension and anxiety. With a volume loss greater than 30%, hypotension,
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sustained increases in heart rate and confusion are clearly preserlood loss exceeding 40% of the total
body circulating volume is immediately life-threatening and manifests as a mentally akred, hypotensive
and oliguric patient. While the changes in pulse rate listed for the different classes of shocksually hold
true, massive rapid uncompensated blood loss can paradoxicallyesult in relative bradycardia (7, 8). In

addition, the absence oftachycardia doesnot reliably rule out severe blood loss (9912). Other important

caveats to the characteristics of different classes of shock are that the blood pressure of youngatients
(particularly children) can remain fairly high even after profound haemorrhage and that blood pressure
and heart rate can be unreliable indicatorsin patients receiving betablockers or other medications with
cardiovasculareffects. Therefore, the clinical picture of shock might not manifest exactly adepicted in
text books. Nonetheless, severe haemorrhage is an immediate threato life and must be managed
immediately.

The aggressiveness of fluid resuscitation during prehospital management ®ill the subject of much
debate. Conflicting reports of increased mortality associated with fluid resuscitation during uncontrolled

and ongoing blood loss has led some to advocate fluid restriction until definitive care begins (3, 14).

The type of fluid is also the subject of discussion, and the usefulness of various typesf crystalloid

solutions in prehospital management continues to be evaluated(15). Nevertheless, there is no debate on
the mandatory need for fluid support during definitive intervention for hypovolaemic patients.

Hypovolaemia can have disastrous consequences fosurgical patients and hasbeen recognized as a
major contributor to avoidable mortality and morbidity. Identifying current or potential hypovolaemia
and instituting a resuscitation plan are essential for reducing surgical morbidity and mortality.
Preparation for instability in a patient with hypovolaemia includes understanding the degree of and
reason for the hypovolaemia, establishing appropriate intravenous accessnsuring adequate supplies of
fluids for resuscitation, confirming the availability of blood products where appropriate, and
coordinating resuscitation with the operating team. As blood loss is a major contributor to
hypovolaemia, control of haemorrhage must be coupled with a well-thought-out plan for resuscitation
toopti mi ze t heome.aDehydratidn @lso caniiutes to preoperative hypovolaemia. It can
be due to inadequate fluid intake by an ill patient, excessfluid loss (through e.g. diarrhoea or vomiting)
or redistribution of fluid volume out of the circulation (as in e.g. bowel o bstruction or peritonitis).
Additionally, vasodilation due to sepsis or spinal cord injury can result in a relativehypovolaemic state.
Accurate identification of these situations allows timely, targeted therapy and can reduce mortality (16).

Intraoperative care differs from prehospital resuscitation in thatintraoperative manoeuvres can be both
the cause and the treatment of continuing blood loss. Therefore, adequate preoperative preparation is
essentialto mitigate or avoid the physiological derangements of intraoperative hypovolaemia caused by
excessive blood loss or other physiological events, suchs decreased sympathetic tone due to anaesthetic
agents or third spacing offluids. When loss of a large volume of blood is either expected or a major risk,
placement of adequate intravenous access before skin incision will help the teanto keep the volume
status adequate.

Resuscitation of hypovolaemic patients

Patients who present for surgery in a volumedepleted state should be resuscitated before surger
whenever possible. Intravenous access should bebtained promptly and resuscitation begun in an
efficient fashion to minimize delays in performing the operation. Fluid deficits should be remedied by
infusion of crystalloid solutions. In certain circumstances, some of the fluid deficit can bereplaced by oral
intake; however, this is often undesirable in gastrointestinalconditions, impending general anaesthetic or
other clinical concerns. Monitoring of fluid status should be instituted wherever feasible, should be
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tailored to the specific clinical situation and should include regular evaluation of haemodynamic
parameters, such as pulse rate and blood pressure (see Objective 2). It may alsioclude urinary
catheterization, central venous cannulation and other invasive monitoring. Communication among the

clinicians caring for the patient in the pre-, intra- and postoperative periods will improve resuscitation

and allow for appropriate timing of the operation.

Prevention of blood loss

Some procedures, suchas caesarean section or major vascular surgerypevitably involve heavy blood
loss. Other circumstances can also predisposepatient to unusually heavy bleeding during an operation,
such as reoperation ordissections known to be difficult. The first stepin mitigating blood loss during an
operation is prevention. Known coagulation deficits should be corrected before surgery whenever
clinically possible. The surgical, anaesthetic and nursingersonnel involved in an operation should all be
aware of the potential for major blood loss before the procedure and be prepared for it. Ensuring
appropriate intravenous access is a critical step and allows thanaesthetist to respond to fluctuations in
blood pressure (17). Access may takehe form of large -bore peripheral lines, central venous catheters or
some combination of the two. If the expected blood loss is greater than 500 ml for an adult or 7 ml/kg
in children, the observed standard of practice dictates theinsertion of two wide -bore intravenous lines
or a central venous catheter (alsopreferably large-bore) to allow for adequate resuscitation. When the
need for a blood transfusion is anticipated, operating teams should communicate early withthe blood
bank to ensure prompt availability of cross-matched blood products. When the patient is bleeding
before surgery, it is imperative that all members of the operating team be aware of the source and
estimated volume of blood loss.

Management of blood loss

If surgery is undertaken in an emergency or urgently for haemorrhage, complete preoperative
resuscitation is often neither practical nor desirable, andresuscitation must be coupled with surgery to

stem the haemorrhage. Again, large-bore intravenous access must be obtained and resuscitative

measuresinstituted as soon as possible before operation. Volume resuscitation includeifusion of
crystalloid solutions and transfusion of blood products or other volume expanders. Evidence is
accumulating for the effectiveness of transfusing freshfrozeplasma, when available, for each one or two
units of packed red blood cells to combat coagulopathy (18321). While increasing the amount of fresh-
frozen plasma used, this may decrease the overall use of blood products by decreasintpe amount of
packed red blood cells required. Where appropriate and available, mechanisms to collect and re
transfuse shed blood may be used.In some situations, temporizing measures should be taken to control
bleeding in order to allow fluid resuscitation to catch up with accumulated blood loss before definitive
surgical management. In other situations, intraabdominal packing to temporize bleeding is prudent and
may allow for correction of coagulopathy, hypothermia and aci dosi s. I n such
abdominal re-exploration follows 24872 hours after the initial surgical exploration (22824). The team of
anaesthetists, surgeons and nurses must all be aware of the plan feesuscitation so that they can take
appropriate measures to reduce the morbidity of haemorrhage.

Hypovolaemia repr esents a situation in which clear, unhinderedcommunication is essential to optimize
patient care. Coordination of care during resuscitation and the operation combined with an anaesthetic

plan based on thepati ent 6s physi ol ogi cal diffdareade én intraoperativea kK e @

management.
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Recommendations

Highly recommended:

1 Before inducing anaesthesia, the anaesthetist should consider thpossibility of large-volume

blood loss, and, if it is a significant risk, shouldprepare appropriately. If th e risk is unknown, the
anaesthetist shouldcommunicate with the surgeon regarding its potential occurrence.

Before skin incision, the team should discuss the risk for largeolume blood loss and, if it is
significant, ensure that appropriate intravenousaccess is established.

Recommended:

1 A member of the team should confirm the availability of blood products if needed for the

operation.
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Objective 5: The team will avoid inducing an allergic or adverse drug reaction for which the
patient is known to be at significant risk.

A medication error can be defined as an error in prescription, dispensing oradministration of a drug (1.
Medication errors are a major problem in every health system and every country and have featured
prominently in studies of iatrogenic injury conducted in the United States and many other countries @).
In the United States, at least 1.5 million people are injured annually, andthe coststo the health system
exceed US$3.5 billion each year B). Perioperative errors in drug administration contribute to this
problem. In the Closed Claims Project ofthe American Society of Anesthesiologists, drug administration
errors were found to result in serious problems, including death in 24% and major morbidity in 34% of
the cases reviewed 4).

Human error contributes substantially to injuries due to medication errors. In an early analysis of critical
incidents in anaesthesia, Cooper et al(5) found that a common cause of such incidents was inadvertent
substitution of one drug-filed syr i nge f or another. A further 6analy
identified syringe swapping, ampoule switches and drug overdose (via syringe angtaporizer) as frequent
problems in anaesthesia. More recent studies show thathe problem is more widespread than previously
thought (Table 11.5.1). Surveysin Canada and New Zealand suggest that the vast majority of anaesthetists
have made a medication error at some time during their careers ¢, 8). Major morbidity or death were
complications in 1.4% of the reported errors. Traditional incident reporting has been shown to identify
only a minority of medication errors ( 9). Improved incident monitoring substantially increases the
number of identified errors, but many medication errors are never recognized or reported, and most
studies probably underestimate the extent of the problem (10).

Table I1.5.1 8 Prospective estimates of rates of drug administration error in anaesthesia from
1978 to the present
Study (reference) Period No. of No. of drug Drug error rate
anaesthesias errors (%)
Craig, Wilson (11) 6 months 8312 12 0.14
Kumar et al. (12) April 19848January 1985;
April 19858January 1986 28 965 31 0.11
Short et al. (13) 1990 16 739 26 0.16
Fasting, Gisvold(14) September 199@October
1999 55 426 63 0.11
Webster et al. (10) February 199800ctober
1999 10 806 81 0.75
Bowdle et al. (15) 21 weeks 6 709 41 0.61
Merry et al. (16) February 1998November
2003 74 478 364 0.49

Modified from ( 17)
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Perioperative administration of medication is particularly complex. In a report from MEDMARX®, the

United States Pharmacopeia programme for thereporting of medication errors and adverse drug
reactions, 5% of more than 11000 perioperative medication errors resulted in harm, including four
deaths (18). This rate is more than three times higher than the percentage of harm in all MEDMARX®

records. Children were found to be at higher risk than adults: nearly 12% of paediatric medication errors
resulted in harm. Data from a general paediatric ward in New Zealand showed a rate as high as one
event per four medication orders, and over 1% of medication orders for children resulted in preventable
harm (9).

Drug infusions are another area of potential risk, as errors occur can duringhe mixing of solutions, in
calculating concentration and infusion rates and from co-administration of incompatible drugs through in
the same intravenouscannula ( 19). As with all drug errors, the consequences of these mistakes are
sometimes serious; even infusions of common opioids have resulted in fatal error§l).

While it is difficult to provide a precise overall estimate of the extent of harm attributable to

perioperative medication error, it is almost certain that harmful errors are grossly underreported. The
barriers to reporting are significant. Often, the only person aware of an error is the one who made it,

and motivation to report the incident may therefore not be high. Given the large number of surgical
procedures performed globally every year, it is likely that the burden of patient harm from medication

errors is substantial. With appropriate safety practicesmany incidents are entirely preventable.

Types of adverse reactions

Adverse drug reactions include allergic reactions, sideffects (e.g. severeasthmatic response to
nonsteroidal anti-inflammatory drugs in susceptiblepatients), effects from overdosage or underdosage
and harm attributable to omission of important drugs (such as heparin for cardiopulmonary bypass or
timely antibiotics to prevent infections, as outlined in Objective 6). Administration of a drug to which
the patient is hypersensitive or otherwise atknown risk for an adverse reaction is especially dangerous.
This may occur when the correct drug is given to a patient who has no previous history or allergy; in
such cases, an adverse dg reaction is usually unavoidable. It can also involve errors of commission
despite known hypersensitivity. This can be prevented by taking a proper history from all patients,
adequate documentation and recordkeeping, good communication among members of the clinical care
team and the use of checklists to ensure that the appropriate safety steps are accomplishedficiently.

Anaphylactic reactions to anaesthetics are estimated to occur in 1:10 0@2:20 000 cases 20). Common
causes of anaphylaxis includeneuromuscular blocking drugs, latex, antibiotics, colloids, hypnotics and
opioids (21). Crossreactionsto drugs may also occur. Patients who have had an anaphylacticgeaction to
penicillin are at risk of reacting in the same way to cephalosporins orimipenem, and a reaction to one
type of neuromuscular blocking drug significantly increases the chances of a reaction to another drug in
this class. Anaphylactic reactions present with a range of signs, including cardiovasculacollapse,
bronchospasm, angicoedema and rash. Most anaphylactic reactions areimmediately evident upon
introduction of the offending drug intravenously, although a full reaction may take 5810 min to
develop. Management of this lifethreatening emergency includes supportive measures to adess
cardiovascular collapse, airway occlusion and bronchospasm. Oxygen, ventilation, intravenous fluids
and antihistamines are all recommended in published protocols 22, 23). After elimination of the
suspected allergen, treatment should includeepinephrine (adrenaline) to reverse vasodilation and
hypotension. Epinephrine can be titrated intravenously while cardiovascular status is monitored,
although intramuscular administration is possible in a patient without venous access.
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The positive outcome of an anaphylactic reaction depends on prompt and effective treatment. Training
of anaesthesia professionals in the management othese crises is an important aspect of medication
safety. A major anaphylacticreaction in an operating room staffed with trained clinicians and with ready
access to perioperative nursing and technical support is unlikely to result irdeath nowadays; the same
reaction in an isolated setting with limited resources and less well trained personnel might result in
death. Most medication errors in anaesthesia involve intravenous bolusadministration, infusion or the
administration of gases or vapours, but any route of administration can be involved. Most fit into the
following categories (1, 10):

9 omission: the intended drug was not administered;

1 repetition: an unintended extra dose of the intended drug was administered,;
9 substitution: the wrong drug was administered;

9 incorrect dose or rate of infusion;

9 incorrect route: the drug was administered by the wrong route; and

9 incorrect patient: the drug was administered to the wrong patient.

Causes of error in delivery of perioperative medications

With respect to drug administration, the clinical practice of anaesthesia isunusual, as providers both
prescribe and administer the medicationsthey use. This removes some of the systematic checks
commonly built into drug administration and places a special onus on anaesthetists to use safe practices.
Compliance with widely accepted principles of safe medication administration could be improved. In the

Closed Claims Project of the American Society ofAnesthesiologists, reviewers of legal claims against
anaesthesiologists judgedths t andard of <care to be 6l ess than app

(4).

There is wide agreement among intenational experts on the safety stepsneeded to improve intravenous
administration of medication. Jensen et al. 24) undertook a systematic review of publications on drug
administration in anaesthesia, identified a number of practices for which there was sbng international
evidence, tested these against incidents collected by a facilitatethcident reporting approach and made
recommendations for medication labeling and clinician communication on the basis of their findings.
Other authors and professional ®cieties have published similar guidelines, but changing established
practice patterns is problematic. In a survey of practising clinicians in Canada36% of the respondents
were aware of the Canadian Standards Associationabelling standards, and 87% agreed or strongly
agreed that these labels reducedhe incidence of drug errors, yet only 72% actually used them (7).
Furthermore, f e we r t han hal f the respondent s 6al waysd r
administering. In a survey of 210 delegates atan anaesthesiology conference ilNew Zealand, most of
the participating anaesthesiologists indicated that drugerror in anaesthesia was an important problem,
but most considered that this was more a problem with the practices of other anaesthesiologists ltan
with their own (25).

The idiosyncratic nature of the system of medication acquisition, labelling, storage and administration
can contribute to medication errors. Inconsistentcolour-c o di ng-al 6 ke d k aaldi Wes®d ulnab e |
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different medications and illegible markings on syringes and ampoules are common problems in hospitals
throughout the world ( 26). To complicate matters, ampoules of similar appearance containing different
drugs are often stored close together, increasinghe chance of error.

One approach to improving patient safety is to structure a system of medication delivery that allows
clinicians to manage errors rather than focusingon their elimination. In such a system, practices must be
established to reducethe likelihood of drug error and also to identify errors when they occur, allowing
appropriate steps to be taken to mitigate their consequences. The chance oflangerous errors can be
reduced by simple changes. Colourcoding by class ofdrug, for example, can diminish the likelihood of
administering a medication with a similar-sounding name but which has a different effect and mechanism
of action; within -class errors are less likely to cause serious harm than betweatasserrors. Attention
should also be focused on particubrly dangerous types of error, such as wrong route of administration
or the concentration of a medication in a solution.

Safe medication delivery implies the consistent administration of the correctdrug to the correct patient
in the correct dose at the rrect time by the correct route. Studies evaluating medication errors
demonstrate that clinicians frequently fail to achieve this. In addition to careful practice and
conscientious attention to detail, a systemsbased approach to the processes of drugadministration is
therefore required.

Recommendations

Highly recommended:

1 Anaesthesia professionals should fully understand the pharmacology othe medication they
prescribe and administer, including its toxicity.

1 Every patient to whom any drug is administered must first be identified clearly and explicitly by
the person administering the drug.

1 A complete drug history, including information on allergies and other hypersensitivity reactions,
should be obtained before administration of any medication.

1 Medications should be appropriately labeled, confirmed and recheckedbefore administration,
particularly if they are drawn into syringes.

1 Before any drug is administered on behalf of another health provider, explicit communication
should take place to ensue that the two have a shared understanding of the indications,
potential contraindications and any other relevant information.

Recommended:
1 Medication drawers and workspaces should be organized systematically toensure consistent

positions of medication ampoules and syringes, tidinessaand separation of dangerous drugs or
drugs with similar-sounding names.
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9 Labels on ampoules and syringes should be legible and includstandardized information (e.g.
concentration, expiration date).
1 Similar packaging andpresentation of different medications should be avoided when possible.
9 Errors in intravenous drug administration during anaesthesia should beeported and reviewed.

9 Drugs should be drawn up and labelled by the anaesthetist who will administer them.

Suggested:

1 Medications in a similar class should be coloucoded according to an agreed system that is
understood by all members of the operating team.
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Objective 6: The team will consi  stently use methods known to minimize the risk for surgical
site infection.

An infection that occurs in surgical patients at the site of operation is known as surgical site infection.
These infections occur after invasive procedures in theuperficial or deep layers of the incision or in the
organ or space that was manipulated or traumatized, such as the peritoneal space, pleural space,
mediastinum or joint space. These problems are serious and costly, and arassociated with increased
morbidity and mortal ity as well as with prolonged hospitalization (183). Recently, their prevalence has
been used as a marker fothe quality of surgeons and hospitals 487).

Surgical site infection accounts for about 15% of all healthcare-associatedinfections and about 37% of
the hospital-acquired infections of surgical patients(8, 9). Two thirds of surgical site infections are
incisional and one third confined to the organ space 0). In western countries, the frequency of such
infections is 1920% of all cases, with an incidence of 2015% in general surgery @, 10812). Surgical site
infections lead to an average increase in the length of hospital stayof 487 days. Infected patients are
twice as likely to die, twice as likely to spend time in an intensive care unit and five times more likely to
be readmitted after discharge (1 13815).

Health-care costs increase substantially for patients with surgical sitefections. The severity of the effects
depends on the extent of the surgicalprocedure, the country and the method used to calculate costs 3,

12, 16018). In the United States, at least 780 000 surgical site infections occur each year, withates as
high as 13% for highrisk colon surgery (19, 20). Such infections resultedin 3.7 million excess hospital
days and US$ 16483 billion in excess hospital costsper year (15, 21). In the United Kingdom, the excess
cost has been calculated to beabout z 1594 per infection (3). In the European Union, surgical site
infections exact an economic toll of 0 1.5319.1 billion per year (12). The prevalence andconsequences of
surgical site infections are illustrated in Tables 11.6.1 and 11.6.2.

Table 11.6.1 & Prevalence of surgical site infections in certain countries

Country Setting (Number of centers| Study period Study design Surgical siteinfections
(Referencé involved)
No. %
Australia (26) Hospitals (28) 1992 Retrospective 5432 7.9
Brazil (27) University hospital (1) 199331998 Retrospective 9 322 6.8
France @4) Hospital network (67 199852000 Prospective 26 904 3.3
surgical wards)
Italy (23) Public hospitals (31) 1 month (date not given) Prospective 6 167 3.3
Spain 5) Tertiary-care hospital (1) 199261994 Prospective 1483 105
Thailand (29) General and regional 1992 Prevalence 15319 2.7
hospitals (33)
Thailand (30) University hospitals (9) 200362004 Prospective 4764 14
United States @0) NNIS hospitals (225) 199261998 Prospective 738 398 2.6
Viet Nam (28) Tertiary-care hospitals (2) 1999 Prospective 697 10.9

NNIS, National Nosocomical Surveillance System



Table 11.6.2 8 Consequences of surgical site infections
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Reference

Type of operation

Consequence studied

Excess stay, cost or mortality

Asensio, Torres (31)

Heart

Length of postoperative
stay

21 days

Kasatpibal et al. (18)

General surgery, neurosurgery

Length of postoperative
stay; cost

14 days; bhat 31 140

Astagneau et al. (13)

Gastrointestinal, orthopaedic,
gynaecology

Length of postoperative
stay

8.5 days

Coello et al. (32)

General surgery, orthopaedic,
gynaecology

Length of postoperative
stay; cost

8.2 days; UKE 1798

Poulsen et al. (33) All surgery Length of postoperative 6 days
stay

Kirkland et al. (15) All surgery Length of postoperative 5 days; 4.3%
stay; mortality

Whitehouse et al. (2) All surgery Length of postoperative 1 day
stay

Plowman et al. (34) General surgery, orthopaedic, | Cost UKE 1618

obstetrics and gynaecology
Whitehouse et al. (2) Orthopaedic Cost US$ 17 708

Pathogenesis and microbiology

Microbial contamination during a surgical procedure is a precursor of surgicakite infection. Most surgical
wounds are contaminated by bacteria, but only a minority progress to clinical infection ( 35). Infection
does not occur in most patients because their innate host defences eliminate contaminants dhe surgical
site efficiently ( 36). There are at least three important determinants of whether contamination will lead

to surgical site infection: the dose of bacterial contamination, the virulence of the bacteria and the
resistance of the patient( 37). This is demonstrated in the following formula ( 38):

Dose of bacterial contamination x Virulence of bacteria

= Risk of surgical site infection
Resistance of host

Other factors that affect the probability of infection are depicted in the following hypothetical equation
(36):

Inoculum
of bacteria +

Virulence Adjuvant
of bacteria + effects

= Probability of infection
Acute and chronic
host liabilities

Innate and adoptive
host defence

The probability of infection increases proportionally as the number and virulence of the bacteria
increase. Local characteristics ohe wound, such asresidual dead tissue, sutures or other foreign material
or the presence of drains,will amplify the consequence of the bacterial inoculum.

Bacterial contamination is a necessary precursor to surgical site infectionSkin bacteria are alvays
present, despite thorough skin preparation. In addition, numerous bacteria contaminate any operation
involving a body structure ordinarily colonized by bacteria, such as the bowel. Quantitatively, the risk
for surgical site infection is markedly increaed if the surgical site is contaminatedwith > 105

microorganisms per gram of tissue ( 38); however, the dose ofcontaminating microorganisms required






