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Abstract | All surgeons want the best, safest care for their patients, but providing this requires the complex 
coordination of multiple disciplines to ensure that all elements of care are timely, appropriate, and well 
organized. Quality-improvement initiatives are beginning to lead to improvements in the quality of care and 
coordination amongst teams in the operating room. As the population ages and patients present with more 
complex disease pathology, the demands for efficient systematization will increase. Although evidence 
suggests that postoperative mortality rates are declining, there is substantial room for improvement. Multiple 
quality metrics are used as surrogates for safe care, but surgical teams—including surgeons, anaesthetists, 
and nurses—must think beyond these simple interventions if they are to effectively communicate and 
coordinate in the face of increasing demands.
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Introduction
A century ago, Ernest Codman (Figure 1) was forced from 
his position as a surgeon at the Massachusetts General 
Hospital, Boston, USA, for heralding the measure ment 
of outcomes as a foundation for clinical excellence. He 
understood that careful assessment and analysis of 
surgi cal results is essential for service improvement, the 
provi sion of safe and effective care, and the prevention 
of errors. This philosophy formed the foundation of an 
‘end results system’. In addition, Codman established the 
first morbidity and mortality conference to review rates 
of complications and deaths, and disseminate know
ledge for preventing harm to patients. However, his ideas 
were considered radical and Codman was rejected by his 
peers and stripped of his clinical duties. He went on to 
found the American College of Surgeons (ACS) and the 
Hospital Standardization Program, the precursor organi
zation of the Joint Commission, but never lived to see 
outcomes measurement implemented in any standard or 
rigorous way.

Surgical safety has made tremendous progress since 
Codman’s time, but only recently has concerted atten
tion been paid to the issues of safety and reliability in 
health care. In particular, the nowfamous Institute 
of Medicine publication entitled “To err is human” 
galvan ized the movement after reporting catastrophic 
death and compli cation rates attributable to medical 
care.1 Outcome evaluations are now routine at nearly 
all institutions with surgical capacity and numerous 
qualityimprovement programs have been established 
to improve adherence to, and systematize the process 
of, care delivery. Despite these efforts, surgical harm 
conti nues to be a serious concern. In the USA, the rate 

of postoperative deaths per hospitalization was 1.14% 
in 2006—an improvement from 1.64% 10 years previ
ously.2 In The Netherlands, a review of 3.7 million surgi
cal procedures at 102 hospitals over 15 years revealed 
a perioperative mortality rate of 1.85%.3 Most recently, 
Pearse et al.4 demonstrated greaterthanexpected post
operative mortality rates in 28 European countries, 
with an overall mean inpatient death rate of 4%. Crude 
mortal ity rates varied widely in this study, from 1.2% for 
Iceland to 21.5% for Latvia. The national postoperative 
death rate for major urologic surgical procedures, such as 
radical cystectomy, in the USA has been estimated at 1.5–
2.9%,5,6 with some lowvolume centres demonstrating a 
30day mortality rate approaching 5%.7 Furthermore, in 
developed countries, over 50% of the adverse events that 
occur in surgical patients are thought to be preventable.8,9 
In more resourceconstrained settings, this proportion 
is even greater; a recent study of over 15,000 hospital
ized individuals in eight countries (Egypt, Jordan, Kenya, 
Morocco, Tunisia, Sudan, South Africa, and Yemen) 
demonstrated that almost one in ten surgical patients 
suffers an adverse event and, of these, more that 80% are 
preventable and 30% lead to patient death.10 With over 
230 million operations performed worldwide each year, 
surgical safety is a public health priority (Box 1).11

As our understanding of the effect that preventative 
measures have on clinical outcomes has developed, so 
too has the complexity of surgical care. Few disciplines 
in medicine are as complex, therapeutic, or dangerous 
as surgery. And, although there are only a few ways for  
an operation to go well, there are hundreds of ways 
that it can go wrong. Technical failure is a concern, but 
small acts of omission and commission during the peri
operative period have profound effects on end results 
(Figure 2). It is now clear that multidisciplinary teams 
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are essential to the provision of reliable highquality sur
gical care for all patients. For example, dedicated robotic 
surgery teams performing urologic procedures have been 
shown to improve intraoperative processes of care, as 
have endoscopic surgery suites staffed by nursing person
nel who are familiar with the specialist equipment used in 
both upper and lower urinary tract endoscopy.12–15 Only 
by appreciating the exponential increase in the complex
ity of surgical care can hospitals and healthcare systems 
hope to improve the quality and reliability of care.

It is clear that traditional mechanisms for ensur
ing appropriate and timely care are inadequate and 
antiquated. Thus, the idea of a systemsbased model 
for healthcare delivery has become more compelling. 
Systemsbased practice focuses on the broader context 
of patient care within a healthcare system, considering 
factors such as payers, delivery systems, provider organi
zations, and individual clinicians, as well as the patients 
and their families. One of the core competency expec
tations of USbased medical Residents,16 this approach 
demands that clinicians think beyond indivi dual thera
peutic tasks. Surgeons must understand and appreci
ate the context and environment within which patients 
receive care as errors occur, not only at the hands of 
indivi dual clinical personnel, but also as a result of inher
ent weaknesses within the healthcare delivery system. 
Given the coordination that surgery requires between 
different team members, mechanisms for ensuring 
safe high quality care must address both the individual 
steps known to promote improved outcomes and the 
communi cation of information between all staff involved 
in the delivery of care. Although surgical care is indisput
ably complex, clear processes exist to promote safety and 
maximize outcomes. Many of these processes relate to 
the control and mitigation of risk factors, and the preven
tion of associated complications. This Review will outline 
a number of parameters for evaluating the quality of sur
gical care and explore some systemsbased interventions 
that aim to improve teamwork, c ommunication, and the 
evaluation of safety and outcomes.

Anaesthetic monitoring
One of the most important contributions towards the 
improvement of surgical safety was the development of 
anaesthesia standards. Originally developed in Boston, 
USA, the ‘Harvard monitoring standards’ for intra
operative anaesthesiarelated care formalized a set of 
medical standards of practice that, ultimately, developed 
into a set of international standards endorsed by the 
World Federation of Societies of Anesthesiologists.17,18 
In the developed world, these standards—which include 
stipulations regarding the continuous presence of a 
trained anaesthetist and the uninterrupted monitor
ing of oxygenation, ventilation, and perfusion—now 
seem so routine that it is easy to forget how radical these 
practices were 25 years ago. Along with the introduc
tion of monitor ing requirements, anaesthetic delivery 
mechanisms were standardized. Inhalational anaesthetic 
machines became redundant and safety features such 
as autolock mechanisms prevented lethal hypoxic gas 
mixtures from being delivered to the patient (Figure 3). 
With these simple developments, anaesthesiarelated 
deaths have plunged.19 The most recent estimates 
suggest a 100fold reduction in anaesthesiarelated 
mortality rates within the past 50 years, from 357 deaths 
per million anaesthetics prior to 1970 to 34 deaths per 
million anaesthetics at the turn of the 21st century.20 
However, anaesthesia related mortality continues to 
be a major problem in the developing world, with rates 
as high as one death per 500 procedures.21 In part, this 

Key points

 ■ Death occurs in the hospital following at least one in every 100 inpatient 
operations, with complications far exceeding this; up to 50% of complications 
following surgery are avoidable

 ■ The science of quality improvement has led to recognition that placing 
blame for harm or errors on an individual likely misses systemic problems 
in care delivery

 ■ Controlling risk factors is just one element of ensuring quality of care
 ■ Communication and teamwork have a major role in improving the safety  

of surgical care
 ■ Effective surveillance and measurement systems for evaluating compliance 

with care standards and outcomes of surgical therapy, as well as 
mechanisms for clinician feedback, are important for assessing quality 
and improving performance

Figure 1 | Ernest Codman was a surgeon at the 
Massachusetts General Hospital in Boston where he 
developed his ‘end results system’ to evaluate surgical care 
and improve outcomes. He also helped to establish the 
American College of Surgeons and its Hospital 
Standardization Program that presaged the 
Joint Commission.166 Permission to reproduce obtained from 
Jack Eckert (at the Francis A. Countway Library of Medicine).
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can be attributed to lack of professionalization, particu
larly the absence of basic monitoring equipment and 
recog nized monitoring standards. To address this issue, 
a concerted effort is currently underway to establish 
pulse oximetry monitoring in every operating theatre in 
the world.22,23

Open communication between the surgeon and the 
anaesthetist is also critical, particularly when anaes
thesia is essential to performing a safe surgical proce
dure. For example, adequate neuromuscular blockade is 
crucial during transurethral bladder tumour resection 
for patients who are at risk of obturator nerve stimula
tion and electrolytes should be monitored closely during 
transurethral prostatectomy. Compliance with these 
processes is now considered a minimum standard in the 
provision of safe, effective surgical care.

Infection control
Antibiotic prophylaxis is an essential component of pre
emptive infection control. Surgical site infections (SSIs) 
are responsible for approximately 20% of all health
careassociated infections diagnosed in hospitals in the 
USA24 and affect up to 30% of postoperative patients in 
Europe, the USA, and Australia.25–28 Postoperative infec
tions increase length of stay, hospital costs, and risk of 
mortality.29–32 The financial cost of SSIs varies tremen
dously, depending on the healthcare system, type of 
operation, and extent of infection.33,34 In the USA, SSIs 
are responsible for an additional 1 million inpatient days 
and $1.6 billion US dollars.35 In the UK, SSIs are associ
ated with an estimated excess cost of £1,594 GDP per 
infection.25 More widely within the European Union, SSIs 
are thought to cost between €1.5 and 19.1 billion Euros 
per year.28

Convincing data support the use of prophylactic anti
biotics for all gastrointestinal, oropharyngeal, vascular, 
open heart, obstetric, and gynaecological procedures, 
as well as orthopaedic prosthesis placement, spinal 
operations, and craniotomy.36,37 Although the absolute 
number of infections is relatively low for many of these 
procedures, the consequences of infection can be severe. 
Furthermore, there is evidence to suggest that certain 
procedures, such as herniorrhaphy and breast surgery, 
benefit from preoperative anti biosis.38 A useful summary 
of antibiotic recommendations for common urologic 
procedures can be found in the best practice statement 
on urologic surgery anti microbial prophylaxis released 
by the American Urological Association (AUA).39 
For example, a fluoroquinolone or trimethoprim 
sulfamethoxazole is sufficient prophylaxis for simple 
cystourethroscopy procedures when risk factors for 
infection (such as steroid use, advanced age, prolonged 
hospitalization, or immuno deficiency) are present.

Patients undergoing open or laparoscopic procedures 
that violate the urinary tract should be given a pre
operative dose of a firstgeneration or second generation 
cephalosporin, or an amino glycoside (aztreonam in the 
setting of renal insufficiency) combined with metroni
dazole or clinda mycin. Patients undergoing open or 
laparo scopic surgery that violates the gastrointestinal 

tract should receive a secondgeneration or third 

generation cephalo sporin, or an aminoglycoside (aztreo
nam in the setting of renal insufficiency) combined with 
metronidazole or clindamycin. If an implantable pros
thesis is to be used, the AUA recommendations include 
the preoperative administration of an aminoglycoside 
(aztreonam in the setting of renal insufficiency) plus a 

Box 1 | Summary of recommendations for improving surgical safety

 ■ Basic standards of quality and safety should be outlined and clearly 
understood and adhered to, with a mechanism in place to monitor compliance

 ■ Team communication should be encouraged by the use of perioperative team 
briefings and checklists

 ■ Measurement of process and outcome results should form a routine part of 
quality assurance; these results should be fed back to appropriate clinical 
staff, including surgeons, anaesthetists, and nurses

Losses

Unsafe acts

Preconditions for
unsafe acts

Unsafe
supervision

Organizational
in
uences

Hazards

Failed or absent
defences

Figure 2 | The ‘Swiss Cheese’ model proposed by James Reason demonstrates 
how gaps in culture, defenses, barriers, and safeguards align and permit errors to 
propagate unchecked, leading to harm.167 Permissions to modify obtained from 
Cambridge University Press, Cambridge, UK.

Figure 3 | Anesthesia machines were engineered for safety, with multiple design 
elements demonstrated in this display. Vapour knobs are large, colour coded, and 
turn on and off in the same direction across the circuit. The nitrous knob is linked 
to the oxygen system to prevent hypoxic gas mixtures and disconnect alarms are 
present and audible.
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firstgeneration or secondgeneration cephalosporin 
or vancomycin. All recommendations include ceasing 
prophylactic antibiotic administration within 24 h 
of surgery.

However, despite clear evidence to show the benefits of 
antibiotic prophylaxis, lack of compliance is a problem. 
Timing is particularly important, as administration must 
occur prior to wound contamination.40–42 Antibiotics 
given more than 2 h before incision, or any time after 
incision, are associated with increased rates of surgical 
site infections.43,44 Ideally, antibiotics should be adminis
tered 30 min (2 h for vancomycin) prior to skin incision 
(and potential contamination) to achieve appropri ate 
therapeutic tissue levels.45 A review of total joint arthro
plasty operations in The Netherlands confirmed the 
importance of preincisional prophylactic anti biotics, 
demonstrating that administration within 30 min of inci
sion leads to the lowest infection rate.46 Similar findings 
have been demonstrated in developing countries. For 
example, studies in rural Tanzania demon strated sub
stantial reductions in surgical site infection rates (from 
>20% to 4%) with appropriately selected and timed 
antibiotic administration.47,48 It is also important that 
prophy lactic antibiotics are discontinued within 24 h of 
an operation, as prolonged use can lead to bacterial resis
tance with no demonstrable benefit to the patient.49–52  
Guidelines recommend that prophylactic antibiotics be 
initiated <1 h prior to incision and stopped <24 h after 
the completion of the operation.53,54 Unique to urological 
surgery is the issue of urinary tract bacterial colonization 
as a result of indwelling catheters. Although there are no 
current guidelines regarding the duration of antibiotic 
use in patients undergoing endoscopic procedures in the 
setting of chronic urinary drainage, a prudent approach 
would be to prescribe a culturedirected course of 
antibiotic s immediately prior to the planned procedure.

Preoperative skin preparation is also an important 
consideration. The use of clippers for hair removal (as 
opposed to shaving) is an important element of contami
nation control. This technique has been shown to reduce 
infection rates and should be considered a standard of 
care.55–57 Although there is no current evidence to show 
that depilation should be avoided altogether, mechani
cal hair removal can theoretically cause microabrasions 
and subsequent bacterial seeding. Data also suggest that 
a chlorhexidine scrub is superior to a povidone iodine 
scrub for the decontamination of skin.58 Chlorhexidine 
has a longer timeline of activity and is the standard of care 
for certain procedures, such as central line insertion.59 
However, it cannot be used on all body surfaces (such as 
mucosa of the genitalia), is more expensive than other 
solutions, and has been associ ated with an increased risk 
of fire (owing to the levels of alcohol involved).

Glucose control
Diabetes is a wellrecognized risk factor for morbid
ity and mortality in surgical patients. In nondiabetic 
patients, hypergylcaemia is associated with an increased 
risk of complications60,61 and can be used as a marker of 
stress and systemic inflammation. It is unclear whether 

this condition is a cause or manifestation of increased 
morbidity and mortality. Ever since van den Berghe62 
published a landmark study of critically ill patients, 
glycaemic control has been a mantra of perioperative 
care.62 Although initial studies involved cardiac surgery 
patients, the same principles have been extrapolated to 
general surgery. In a retrospective study of 995 general 
and vascular surgery patients, perioperative hyper
glycaemia was associated with significantly higher rates 
of surgical infections and prolonged hospital stay.63 
However, these findings have not been supported by 
prospective studies. A study of patients with cardio
thoracic conditions randomly assigned to either tight 
glycaemic control (blood glucose of 80–100 mg/dl) using 
an insulin infusion strategy or conventional treatment 
(insulin given when blood glucose exceeds 180 mg/dl) 
showed no difference between these groups in terms of 
postoperative events. Primary combined outcomes—
incorporating death, sternal infection, prolonged venti
lation, cardiac arrhythmias, stroke, and renal failure 
within 30 days of surgery—occurred in 44% of patients 
in the intervention group compared with 46% of con
trols.64 A Cochrane analysis of perioperative glycae
mic control studies failed to find a benefit to stringent 
glucose control below a threshold of 200 mg/dl.65 
However, more recent data suggest that blood glucose 
levels >150 mg/dl are associated with an increased risk 
of infection of up to 40%,66 supporting targeted glycae
mic control aimed at m aintaining a perioperative blood 
glucose of <150 mg/dl.

The primary concern with tight control of blood 
glucose levels is the potential for hypoglycaemia, which 
significantly increases the risk of death.67 However, with 
appropriate safeguards, the benefits of preventing and 
controlling hyperglycaemia have outweighed the risk of 
hypoglycaemia and glycaemic control below 200 mg/dl 
is the accepted standard of care.68,69 The anaesthetist is 
usually responsible for the maintenance of intra operative 
normoglycaemia. In highrisk patients, such as those 
with diabetes or on steroids, intraoperative glycaemic 
control is likely to be beneficial and is unlikely to cause 
harm if carefully performed and blood glucose is regu
larly evaluated to prevent hypoglycaemia. Further studies 
are needed to assess whether intraoperative control of 
hyperglycaemia improves surgical outcomes.

Temperature control
Hypothermia can cause severe disturbances in homeo
stasis and predispose patients to bleeding and infec
tion. Enzymatic reactions are not efficient, protein 
interactions are altered, and the risk of coagulopathy is 
increased. Under general anaesthesia or deep sedation, 
intrinsic regulatory mechanisms such as peripheral 
vaso constriction or the ability to shiver are subverted. 
Compounding this is the intense, but often unrecog
nized, evaporative heat loss of an open cavity such as 
the chest or abdomen, and the radiant heat loss during 
times of bleeding and fluid resuscitation. In particu
lar circumstances, such as cardiac arrest for bypass 
operations, hypothermia is an important component 
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of the operative process. For most abdominal, thoracic 
(excluding cardiac), ortho paedic, gynaecologic, and 
urologic operations, on the other hand, prevention of 
hypothermia should be actively pursued. In a multi
centre trial in Europe, patients undergoing colectomy 
had a reduced rate of infection when normothermia 
was maintained during the operation.70 A separate trial 
in the UK of shorter breast, hernia, and varicose vein 
operations demon strated a reduction in infection rates 
when patients were warmed before the operation.71 
Perioperative cardiac events can also be reduced by 
maintaining normothermia during major operations.72

A number of methods for maintaining normo thermia 
are available. Ambient control involves keeping the 
patient warm by elevating the room temperature and 
placing heating devices on exposed parts of the body, 
such as the extremities, head, or back (between the 
patient and the bed). The use of warmed intra venous 
fluids prevents active cooling and frequently increases 
temperature, particularly in the setting of large volume 
blood or crystalloid resuscitations or long procedures. 
Similarly, warm irrigation should be used when washing 
out body cavities or operative wounds. For endoscopic 
transurethral operations, uretero scopies, and percuta
neous renal operations, warm irrigation fluid should 
be used. For patients who present with hypothermia 
or become hypothermic, several active techniques can 
rapidly raise body temperature. These include warm peri
toneal or bladder lavage, the use of intravascular heating 
devices, and even extracorporeal blood warming.73

Supplemental oxygen regulation
The perioperative administration of high concentrations 
of oxygen has been the subject of a number of studies, 
but results are inconsistent.74–79 The provision of oxygen 
in this context is thought to increase free radical forma
tion. Polymorphoneuclear leukocytes amass in surgical 
wounds and are predominantly responsible for the oxida
tive destruction of pathogens. Thus, the provision of high 
oxygen tension in tissues and the surgical wound during 
the perioperative period could help to prevent surgical 
infections. In colorectal patients, preoperative adminis
tration of high levels of inspired oxygen is demonstra
bly beneficial. An Austrian study randomly assigned 
500 patients undergoing colorectal resection to receive 
either 30% inspired oxygen (or fraction of inspired 
oxygen [FiO2] of 0.30) or 80% inspired oxygen (FiO2 
of 0.80) during the operation and for 2 h afterwards. 
Patients in the 80% inspired oxygen group exhibited a 
significant increase in the subcutaneous partial pressure 
of oxygen and a significantly decreased wound infection 
rate (5.2% versus 11.2%; P = 0.01).80 A doubleblinded 
Spanish study of 300 patients undergoing open colo
rectal resection from 14 hospitals randomly assigned to 
receive an FiO2 of either 0.3 or 0.8 demonstrated that the 
i nfection rate was almost 40% lower in the latter group.81

Similar trials have been performed for a number of 
other surgical procedures, but these have not been as 
conclusive. In a study of 165 patients undergoing major 
intraabdominal surgical procedures under general 

anaesthesia, patients were randomly assigned to receive 
an FiO2 of either 0.80 or 0.35 during surgery and for the 
first 2 h postoperatively. Although this trial failed to show 
a difference in surgical site infection rates, the higher 
FiO2 was, in fact, associated with a higher rate of wound 
complications.82 A randomized blinded study of obstetric 
patients undergoing caesarean section was terminated 
prematurely, owing to a lack of clear benefit during the 
first interim analysis.83 Although comparisons between 
trials are confounded by the heterogeneity of patients 
and diagnostic modalities, a metaanalysis published in 
2009 concluded that supplemental oxygenation during 
the perioperative period confers significant protection 
against infection.84 Although efficacy is uncertain in 
most surgical patients, hyperoxygenation seems to be 
beneficial in patients undergoing colorectal surgery. 
Given the similarities, it seems reasonable to extrapolate 
these findings to patients undergoing cystectomy and 
urinary diversion procedures. Other types of surgical 
patients might also benefit from this therapy, which is 
unlikely to cause ill effects.

B blockade
B blockade has been well studied in patients with 
cardiac risk factors (such as known coronary artery 
disease, hypertension, and diabetes) and clearly shown 
to reduce deaths following surgery.85–88 In an assess
ment of almost 800,000 patients, those with the highest 
cardiac risk demon strated the greatest benefit for peri
operative β blockade, with a relative mortality risk 
reduction of nearly 50%.87 Although this study was 
limited by its retro spective methodology and its reli
ance on claims data, it provided substantial support for 
the use of β blockade during the perioperative period 
for patients with diabetes, ischaemic heart disease, 
renal insufficiency, or cerebro vascular disease under
going thoracic, abdominal, or central vascular opera
tions. Patients taking β blockers to treat hypertension 
or prevent cardiac events demonstrate upregulation of 
adrenergic receptors, and withdrawal of β blockade has 
been associated with increased cardiac events (even in 
nonsurgical patients).89–91 Preoperative β blockade has 
had mixed effects in patients without cardiac disease 
or risk factors, and patients who are given a β blocker 
without a clear indication tend to experience worse out
comes.92 For patients who are at risk of cardiac events 
owing to underlying cardiovascular disease, the initia
tion of β blocker therapy can reduce cardiac morbidity 
and mortality, although the Perioperative Ischemic 
Evaluation (POISE) trial93 reported an increased risk of 
noncardiac events such as stroke.

The POISE trial was the largest of its kind to examine 
β blockade in a randomized fashion. In this multi
national, multicentre, placebocontrolled trial, 8,351 
patients with, or at risk of, atherosclerotic disease under
going non cardiac surgery were randomly assigned to 
receive either extendedrelease metoprolol (100 mg) or 
placebo, preoperatively. Although the primary combined 
end points of cardiovascular death, non fatal myocardial 
infarction, and nonfatal cardiac arrest demonstrated 

REVIEWS

© 2013 Macmillan Publishers Limited. All rights reserved



166 | MARCH 2013 | VOLUME 10 www.nature.com/nrurol

improvements with β blockade, the final analysis demon
strated an increased mortality risk of 30%. Critics of the 
study have remarked that the dosage used was excessive 
and that patients at the highest risk of cardiac death were 
poorly identified. By comparison, other investigators 
have noted that lowdose β blockade is safe, effective, 
and not associated with an increased incidence of stroke 
in intermediaterisk patients.94 However, POISE was well 
controlled and likely to be reflective of general practice 
patterns. Thus, until further evidence indicates other
wise, patients without clear indications for β blockade 
(who are not already taking it preoperatively) should not 
initiate treatment prior to elective surgery.

Venous thromboembolism prophylaxis
The risk of venous thromboembolism (VTE) varies 
dramatically, depending on the type of operation and 
the patient risk factors. Immobility, hypercoagulability, 
cancer, and longbone fractures, along with prolonged 
operations and abdominal and orthopaedic proce
dures, all increase the risk of developing VTE. Without 
thrombo prophylaxis, the estimated risk of developing a 
deep venous clot ranges from <0.5% for most lowrisk 
outpatient procedures or sameday operations to 6% for 
operations for trauma and oncologic conditions, or in  
highrisk patients, including those aged >70 years or  
in hypercoaguable states.95 Three primary strategies exist 
to prevent VTE in surgical patients: mechanical devices 
(such as graded compression stockings and intermittent 
pneumatic compression boots), pharmacologic thera
pies (including subcutaneous injections of unfraction
ated heparin and low molecular weight heparins), and 
early ambulation. Thrombosis associated with surgery 
usually originates intraoperatively in the deep calf veins, 
although many thrombi resolve spontaneously within 
3 days.96 During surgery, mechanical devices are generally 
considered to be low risk and these tools—which prevent 
venous thrombosis by promoting venous blood flow and 
stimulating endogenous fibrino lytic activity, mediated 
by the stimulation of tissue plasminogen activity and 
reduction of plasminogen activator inhibitor1—are  
deployed as standard in the inpatient setting.97 For short 
cases and in the outpatient setting, their use is more vari
able and is often determined by cost, as their effect is 
likely to be minimal in these environments.98

Recommendations regarding the perioperative use 
of subcutaneous anticoagulants are less clear cut, as 
risk stratification requires consideration of both the 
patient and procedural risk factors.95 The risk of bleed
ing must be weighed against the risks of thrombosis, 
and much depends on this assessment by the surgical 
team. VTE risk factors for surgical patients include the 
type of surgical procedure, smoking, cancer, hyper
coaguable state, prior history of VTE or pulmonary 
embolism, trauma, immobility, pregnancy, and other 
hyper oestrogen states, such as oral contraception and 
hormone replacement therapy.99 Certain procedures, 
such as ortho paedic operations involving joint replace
ment or fracture reduction, are fraught with risk and 
peri operative pharma cologic prophylaxis should be 

routine (provided contraindications are not present). 
For other types of procedures, calculating the risk 
of VTE tends to be less straightforward, particularly 
for lowrisk patients undergoing intermediaterisk 
operations such as nononcologic open or laparoscopic 
abdominopelvic surgery. Concerns are amplified when 
intraoperative or postoperative bleeding is considered 
likely or potentially catastrophic.

Several organizations, including the American College 
of Chest Physicians, the French Society of Anaesthesi
ology and Intensive Care, and the AUA, have pub
lished guidelines for VTE prophylaxis.95,99–101 These 
published guidelines recommend treatment gradation 
based on patient risk factors, the procedure, and the 
risk of postoperative VTE. Highrisk operations almost 
always require some form of chemical VTE prophy
laxis, whereas lowrisk urological operations (particu
larly those performed in the outpatient setting) and 
short endoscopy procedures do not generally require 
such measures in the absence of other risk factors. In such 
situations, other interventions can be more beneficial 
and cost effective; for example, the urologic literature 
supports the use of calflength intermittent pneumatic 
compression boots instead of fulllength compression 
boots, as these provide equivalent outcomes and the calf 
length devices are less expensive.102 Timeconsuming 
invasive cancer operations are associated with a sub
stantial risk of VTE, and both mechanical and chemical 
prophylaxis should be considered.103 If VTE prophylaxis 
is to be implemented, mechanisms to ensure its appropri
ate use—such as confirming sequential compression 
machines are turned on and pharmacologic prophylaxis 
is given at the appropriate time—are selfevident.

Measuring safety
Quality assessments are essential for improving the 
quality of surgical care. Surveillance systems that evalu
ate surgical site infections have been shown to reduce 
rates of infectious complications when they are incorpor
ated into a system that provides feedback to individual 
surgeons and departments.104–107 When surgeonspecific 
feedback systems were used in South America, Europe, 
and the USA, surgical site infection rates were consis
tently reduced by over a third—and sometimes by more 
than half—when combined with organized surveillance 
and control, education, and standardization of infection 
control policies.108–113 Some of these studies were per
formed over >2 years, indicating durability and sustain
ability. Other outcomes, such as morbidity and mortality, 
can be more complex to evaluate after discharge from the 
hospital and often involve data collection mechanisms 
that are expensive and timeconsuming to institute. 
Of these parameters, perioperative mortality is a well
defined end point that has been introduced across the 
UK.114,115 Other sophisticated, riskadjusted complication 
and mortality reporting systems have been implemented 
in Canada, Europe, and the USA. These measure
ment systems can be specific to particular specialties, 
such as cardiac surgery, or universal (for example, the 
United States Veterans Health System).116–121
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Large databases and registries provide information 
regarding the quality and outcomes of care. In the USA, 
the National Surgical Quality Improvement Program 
(NSQIP) administered by the ACS uses patient medical 
record data to help surgeons and departments to bench
mark themselves against their peers and provide insight 
into complication and death rates in a riskadjusted 
fashion.122 This database contains data for general and 
vascular surgical patients at hospitals that participate in 
the NSQIP and enables surgeons to identify problems 
and deficiencies within their department and promote 
process improvements to address these issues.123 Trauma 
and cancer registries constitute two other prominent 
databases that provide metrics to enable facilitylevel 
comparisons of treatment modalities and systems of 
care. Trauma system efficacy has been evaluated at 
both national and international levels,124–126 guiding 
recommen dations for improvements in infrastructure, 
planning, training, and care.127–131 In addition to con
firming the positive association between higher surgical 
volumes and improved outcomes,132–134 data from cancer 
registries have helped to refine the timing and extent of 
surgical resections for a variety of malignancies and 
led to changes in the use of perioperative neoadjuvant 
chemoradiation and the organization of care systems 
towards a multidisciplinary approach.135–139

Safety evaluations also rely on regional and state
based collaborative programs, such as the Washington 
State Surgical Care and Outcomes Assessment Program 
(SCOAP).140 This program is modelled on methodolo
gies used by the aviation industry to ensure safety. It uses 
a surveillance and response system that identifies varia
tions in the processes and outcomes reported by hospi
tals within the state and reports those variations back  
to individual hospitals and departments in an attempt to 
improve quality. Through multihospital collaboration, 
SCOAP has developed its own evaluation metrics, as well 
as customized interventions—including a modification 
of the WHO Surgical Safety Checklist—to ensure safer, 
more costeffective surgical care.141 An added advantage 
of SCOAP is that surgical initiatives are flexible, clini
cally relevant, timely, and can be rapidly implemented 
throughout the state.142

A strategic mechanism for assessing the safety of sur
gical care relies on standardized information collected 
in a structured manner. Such measurement modalities 
are vital for ensuring that the quality of care is improved 
and that resources are allocated in an effective, evidence 
based manner. The WHO has highlighted the impor
tance of measuring surgical services and advocated the 
reporting and assessment of service delivery and out
comes (Box 2).54,143 More importantly for individual 
providers, a strategic outcomesbased assessment of 
indivi dual, departmental, and hospital surgical data 
could highlight safety lapses and identify areas for 
improvement and systemization of care.

Training, specialization, and systematization
The length, intensity, and structure of training have 
always been subject to intense debate. No single system of 

surgical training has answered the fundamental question 
of how best to impart skills to surgical trainees. Although 
the 10,000 h theory for achieving mastery is a potential 
explanation (discussed by Malcolm Gladwell in his book 
entitled ‘Outliers’), further studies have sought to deter
mine whether simulation can augment, or even serve as 
a substitute for, traditional training paradigms.144,145 The 
concept of deliberate practice—the process of immedi
ate feedback, structured drills, and repetition—is likely 
the mechanism by which surgical skills are best trans
ferred to novices.146,147 This model suggests that train
ing paradigms that capitalize on these practices would 
provide the best technical experiences for trainees. 
Further work is now ongoing regarding the ability to 
provide structured feedback on performance improve
ment to practicing surgeons through expert coaching.148 
Surgical simulators have the potential to expose trainees 
to the basic skills that are required to master surgical 
techniques before they enter the operating room. For 
example, surgical simulation training is being used for 
both adult and paediatric urologic procedures.149,150

As the complexity of surgical practice has grown, there 
has been an increasing trend towards specialization by 
both practitioners and hospitals. The past 30 years has 
seen increasing subspecialization, manifested by drama
tic growth of fellowships and centres of excellence. This 
growth has been driven by increased complexity in both 
patient conditions and therapeutic options and also by 
strong data supporting the positive correlation between 
surgical volume and outcomes, which is particu larly 
evident for specific, complex procedures such as oeso
phagectomy, pancreaticoduodenectomy, nephrec
tomy, and cystectomy.7 Similar studies support systems 
created to treat acutely unstable, traumatized patients. 
Outcomes at these specialist centres far exceed those of 
non specialist centres that treat complex trauma.131 In 
addition, improvements in care have been linked to the 
concept of ‘failure to rescue’, whereby complication rates 
across hospitals are deemed to be similar but some hos
pitals are more able to identify and support patients with 
complications, leading to lower mortality and morbidity 
rates.151 However, certain features and characteristics of 
hospitals can be correlated with ability to provide high
quality outcomes regardless of surgical volume, suggest
ing that the system itself can help mitigate harm and 
provide the complex care necessary to support critically 
ill patients through recovery.152,153 This finding suggests 
that the technical skills of the surgical team, strong team
work dynamics, and robust perioperative patient care 

Box 2 | Proposed metrics for evaluating the safety and delivery of surgical care143

 ■ Number of operating rooms
 ■ Numbers of accredited surgeons and anaesthesia professionals
 ■ Number of surgical procedures done in an operating room per year
 ■ Day-of-surgery death ratio—number of deaths on the day of surgery divided  

by the number of surgical procedures performed in a given year or period (%)
 ■ Postoperative in-hospital death ratio—number of deaths in the hospital 

following surgery (irrespective of cause and limited to 30 days) divided  
by the number of surgical procedures performed in a given year or period (%)
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processes are the true qualities needed for improving 
performance and surgical outcomes.

Checklists, care bundles, and training
The success of every operation requires the perfect 
orchestration of highly complex tasks. The combination 
of complex patient characteristics, therapeutic options, 
technical demands, and team dynamics create a situa
tion that is difficult to standardize. That said, specific 
interventions can help to align the human factors respon
sible for achieving improved performance. In 2009, the 
WHO published the results of a multicentre trial assess
ing the efficacy of a perioperative surgical safety check
list on morbidity and mortality (Figure 4). In an analysis 
of nearly 8,000 surgical patients, this 19item checklist 
was shown to improve adherence to basic standards of 
care, reduce the number of deaths by more than 30%, 
and cut complication rates nearly in half.154 The investi
gators reported a twofold increase in compliance with 
six measured safety steps: objective airway evaluation, 
confirmation of procedure and operative site, pre
operative administration of antibiotics, adequate intra
venous access when blood loss exceeds 500 ml, use of 
pulse oximetry throughout the anesthetic, and comple
tion of sponge and instrument counts. The benefits of 
using this checklist extended to urgent and emergency 
surgery cases.155 However, one stated weakness of this 

study was its preinterventional versus postinterventional 
design, which lacked a standalone control group and pre
disposed the measuring of processes and outcomes to 
a strong Hawthorne effect (the observation that results 
improve when they are under investigation). In addition, 
although the six measured items did not account for the 
magnitude of the Hawthorne effect on patient safety, 
it is possible that the other safety items, including the 
team briefing and debriefing, exerted a beneficial effect. 
However, as these items were not explicitly studied, their 
impact is merely conjectural.

Since the publication of this study in 2009, several 
other studies have confirmed the effect of checklists as 
tools for ensuring the safe conduct of surgery. A large, 
welldesigned study in The Netherlands demonstrated 
that the implementation of a perioperative checklist at six 
Dutch hospitals significantly improved rates of mortality 
compared with five control hospitals.156 The intervention 
reduced total complications by nearly 40% and mortality 
by 47%, an effect almost as substantial as that reported in 
the original WHO study. Another checklist intervention 
study in over 25,000 patients (14,362 pre intervention 
and 11,151 postintervention) from The Netherlands 
reported very similar findings to the WHO investiga
tion, demonstrating clear improvements that could 
be directly attributed to checklist use.157 Accordingly, 
checklists should now be considered a standard of care 

Figure 4 | The WHO Surgical Safety Checklist was tested in eight hospitals in eight different countries, representing both 
resource-rich and resource-poor populations. This 19-item safety tool has helped to improve clinician compliance with 
accepted standards of perioperative care, resulting in significantly reduced rates of complications and postoperative 
mortality (36% and 47%, respectively). Permissions to reproduce received from the WHO.168
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in the perioperative preparation period.158 Nevertheless, 
it is worth noting that the principle function of checklists 
is not to dictate what clinicians should do, but rather to 
provide prompts for communicating important infor
mation and confirming critical steps before their imple
mentation becomes ineffectual. The utility of checklists 
has been well studied in the airline industry and has 
been incorporated into crew resource management—
a method of team training (based on shared mental 
models for care and conduct) that has been implemented 
in many operating rooms and hospitals. Teamwork is 
clearly an essential component of care. A large, multi
centre Veterans Administration study demonstrated 
profound improvements in patient outcomes when team 
training was implemented amongst operating room per
sonnel.159 This study established that checklists were a 
key compo nent for generating and promo ting team 
inter action. Of particular importance is the observation 
that teams who consistently work together are more effi
cient (and generate better outcomes) than teams with 
rotating members.160,161 Maintaining this consistency 
is often diffi cult, particularly in acute settings or when 
faced with humanresource constraints. These chal
lenges make checklists all the more important as a means 
of ensuring consistency in the care process.

Checklists can help improve the use of care bundles, 
such as those instituted in intensive care units to prevent 
ventilatorassociated pneumonia and centralline 
bloodstream infections (Figure 5). The problem with 
evaluating the success of care bundles is that improve
ments to individual components of care do not always 
affect outcomes when studied in large databases. 
Many of the riskfactorreduction strategies enumer
ated in this article—from hypothermia prevention to 
glucose control—are now considered to be markers of 
quality and might even be tied to financial rewards or 
reimburse ments. However, studies evaluating the effects 
of these individual quality measures often fail to demon
strate improvements in outcomes, despite high compli
ance. One study evaluating outcomes in 398 US hospitals 
reported no improvement in care when these individual 
safety components were closely adhered to.162 However, 
this study did demonstrate a clear improvement to out
comes when hospitals implemented all components at 
the same time, suggesting that compliance across multi
ple quality indicators might be a marker of improved 
systematization of care.163 That said, checklists are not a 
panacea. When checklists are used merely for auditing 
or administrative purposes without team investment in 
the process, they rarely result in improved care. In an 
observational study of 142 paediatric surgical patients in 
a single hospital, checklists were incompletely executed 
for all of these patients, despite a reported 100% docu
mented completion rate.164 This finding was probably 
the result of poor implementation and dissemination. 
Checklists are best used to reinforce communication, 
prompt genuine dialogue and exchanges of critical 
information, and as part of on ongoing feedback and 
performance improvement system.165 In addition, they 
should be integrated into the culture of the operating 

room in a way that is useful, valuable, and supports clini
cal care, rather than serving as a barrier to efficiency 
and autonomy.

Conclusions
Surgical safety is a priority for all surgical clinicians, 
but the complexity of the tasks involved makes ‘perfect’ 
care difficult to define, let alone achieve. Hospitals 
and healthcare systems are increasingly evaluating 
the system of care delivery and searching for ways to 
improve coordination, communication, and efficiency. 
From pointofcare interventions to checklists and team 
training, the disciplines involved in surgical care are built 
upon group knowledge and past experience to maximize 
the likelihood of better outcomes. However, there is still 
a long way to go. Firstly, it is not entirely clear how to 
measure quality and safety. Specific measures might 
demonstrate effects in certain wellcontrolled circum
stances, but these effects are often difficult to reproduce 
and fail to deliver systemwide results. Secondly, many 
interventions are temporally distant from their effects, 
making causeandeffect linkages difficult to determine. 
Thirdly, longterm followup data can be exceedingly 
diffi cult to obtain, but these are fundamental to the 
accurate measurement of progress. Fourthly, increases 
in global healthcare costs demand greater commitment 
to quality and a better understanding of how healthcare 
systems can provide costeffective interventions. In the 
USA—which is currently struggling under the financial 
burdens of health care—payforperformance initia
tives are forcing providers to evaluate their outcomes  
and determine mechanisms for improving the quality and  
safety of care.
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Figure 5 | Spider web diagram demonstrating compliance with a ventilator bundle. 
This image demonstrates a strategy for visually presenting compliance with 
multiple elements of care in a single, easily understandable graphic.169 
Permissions to reproduce obtained from RT magazine. Abbreviations: DVT, deep 
vein thrombosis; PUD, peptic ulcer disease.
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The coordination of surgical care requires the 
complex orchestration of multiple disciplines, from 
nurses to anaesthetists to surgeons. Ensuring adher
ence to all appropriate steps of care, while avoiding 
errors of omission and commission, is just the begin
ning. Communication between providers is increasingly 
important in the everchanging healthcare environment. 
Moreover, a strong commitment to the close evaluation 
of outcomes of therapy, the process by which patients are 
treated, and the system by which surgical care is provided 
is essential. This commitment provides transparency, 
reassures patients that the care they receive is reviewed 
continuously, and ensures that improvements are always 
part of the culture of medicine.
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