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Defining higher-risk surgery
Gareth L. Acklanda and Mark Edwardsb

Introduction
Different, largely cultural viewpoints define the high-risk
surgical patient. Defining precise, individualized perio-
perative risk is partly contingent on consensus among
several stakeholders in the perioperative process [1]. This
presents a critical obstacle in defining relative risk (RR).
Although patient-centered outcomes may hinge upon the
ability to return to work or the legacy of disability, the
perioperative team may view relatively short-term,
healthcare cost-insensitive measures as critical to gauging
risk. Nevertheless – and now beyond question – post-
operative morbidity and mortality in an ageing popu-
lation undergoing increasingly complex surgery presents
an immense, expanding healthcare challenge. Previous
projections for cardiovascular complications alone associ-
ated with noncardiac surgery [2] have been underesti-
mated [3,4!]. Here, we consider recent data that redefine
the high-risk surgical population, based upon pivotal
studies exploring the impact of postoperative compli-
cations on short-term and longer term mortality. Several

factors that hamper a clearer characterization of the
higher risk surgical population will be considered.

Postoperative mortality is a major source of
hospital death
Typical contemporary mortality rates for various major
surgical procedures [5,6] are similar to community-
acquired pneumonia [7] and even worse than acute cor-
onary syndromes [8,9], both common, arguably higher
profile hospital-treated disorders. A prospective 13-year
observational study of the Whitehall II cohort [10!!] of
6478 British civil servants aged 35–55 years examined the
link between diagnoses associated with medical absence
from work and long-term all-cause mortality. Physician-
certified sickness absence attributable to undergoing a
surgical operation was associated with a more than two-
fold increased risk of mortality. Apart from circulatory
disease, surgery was associated with the highest risk of
later death compared with psychiatric, infectious and
respiratory disease. Moreover, mortality was not associated
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Defining the contemporary high-risk noncardiac surgical population using objective
clinical outcomes data is paramount for the rational allocation of healthcare resources,
truly informed patient consent and improving patient-centered outcomes.
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Data from independent healthcare systems have identified that the development, and
consequences, of postoperative morbidity extend beyond the immediate postoperative
hospital period and confer substantially increased risk of death. Cardiac insufficiency,
rather than the relatively heavily explored paradigm of perioperative cardiac ischemia, is
emerging as the dominant factor associated with excess risk of prolonged postoperative
morbidity. The development of prospective, validated, time-sensitive morbidity data
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and short-term perioperative outcomes.
Summary
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resource utilization. Detailed outcome studies using validated morbidity tools are
urgently required to establish the extent to which postoperative morbidity may be
predicted. Robust identification of patients at the highest risk of perioperative morbidity
may permit further clinic-to-bench translational understanding of the pathophysiologic
mechanisms underlying postoperative organ dysfunction. Defining the high-risk surgical
patient population is as critically important for global public health planning as it is for the
perioperative team.
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with increased sickness absences occurring shortly before
death.

High-risk as defined by mortality in the noncardiac
surgical population is brought into further sharp focus
by comparison to cardiac surgery. Internationally,
mortality following noncardiac surgery frequently
exceeds that of coronary artery bypass grafting [11–
13]. The majority of adverse noncardiac surgical out-
comes are sustained by a large minority of patients [6].
In surgical procedures known to have a mortality of
greater than 5% in the UK, elderly patients (mean age
75 years) and emergency procedures account for over 80%
of deaths but less than 15% of total procedures [6].
However, focussing on mortality alone underestimates
substantially the magnitude of the high-risk surgical
population. This renders many preoperative risk assess-
ments associated with mortality/morbidity, including
American Society of Anesthesiologists grade [14] and
Physiological and Operative Severity Score for the
enUmeration of Mortality and morbidity (POSSUM)
[15], to be limited, subjective and lacking sensitivity/
specificity for the identification of individual patients at
risk of postoperative complications.

High-risk should be defined by the incidence
of postoperative morbidity
Recent data focussing on perioperative morbidity – a
relatively new, critical and welcome addition to this
literature – have helped redefine the high-risk popu-
lation (Table 1 [16–23,24!,25–29]).

The American College of Surgeons Department of Veter-
ans Affairs National Surgical Quality Improvement Pro-
ject (NSQIP) has been pivotal in furthering the definition
of the high-risk noncardiac surgical patient [30], although
the definitions of preoperative risk factors are nonscaled
and discrete, which may limit more sensitive definitions
of the higher risk population. The impact of postopera-
tive morbidity as defined by NSQIP on 30-day and longer
term mortality was analyzed in 105 951 Veterans Admin-
istration patients followed up for an average of 8 years
[25]. Complications of any type occurred in approxi-
mately 15% of patients. This proportion of patients is
strikingly similar to that reported across a range of inter-
national studies in the UK [10!!], Australia [31] and USA
[22,23,32], including another prospective NSQIP study
[24!] in which approximately 17% of 84 730 general and
vascular surgical patients sustained major postoperative
complications. Further evidence for the extent of post-
operative morbidity, as defined by unplanned rehospita-
lization, is provided by the Medicare Provider Analysis
and Review [33!] of 11 855 702 Medicare beneficiaries.
Again, over 15% of Medicare patients undergoing a
surgical procedure were rehospitalized within 30 days,

ranging from 15% (major orthopedic and gastrointestinal
surgery) to 25% (vascular) of patients. Within 90 days,
more than 27% of surgical patients had been rehospita-
lized, a further 3% had died during this period. Among
patients who were rehospitalized within 30 days after a
surgical discharge, more than 70% were rehospitalized for
a medical condition. Cardiovascular, pulmonary, gastro-
intestinal, infectious and nutritional morbidities chiefly
characterized these unplanned rehospitalizations. These
data are important, as they permit more meaningful
international comparisons, which are usually predicated
on short-term, in-hospital outcomes.

The persistent increased risk of developing postoperative
morbidity beyond the hospital period is reinforced by
compelling data derived from the prospective Million
Women Study [34!!] of 947 454 middle-aged women.
The postoperative risk of venous thromboembolism
peaked about 3 weeks after surgery, but persisted up
to 12 weeks postoperatively, with thromboembolism
occurring in approximately 2% of all women who under-
went surgery. Although inpatient, joint replacement and
cancer surgery were associated with greater risk than day
case procedures, venous thromboembolism remained a
significant threat even after ambulatory surgery. Inci-
dence rates for venous thromboembolism in the first 6
postoperative weeks were over 100 times the rates with-
out surgery, and 7–12 weeks after inpatient surgery rates
remained almost 20 times higher than without surgery.

Thus, more than 15% of inpatient surgical patients sus-
tain postoperative morbidity; more than 50% of compli-
cations are classified as serious. The development of any
postoperative complication within 30 days of surgery
was the most important predictor of 30-day mortality
(Table 2) and the third most important predictor of
long-term mortality, following age and nutritional status
[25]. The presence of any specific complication (except
superficial wound infection) reduced median life expect-
ancy from 18.4 to 9.6 years. Postoperative complications
appeared to be independent of preoperative risk factors.
Whether competing-risk analyses [35] would alter the
interpretation of many of these findings remains unclear.

Smaller scale studies demonstrate similar short-term and
longer term associations. Postoperative complications
[as defined by International Classification of Disease,
Ninth Revision, Clinical Modification (ICD-9-CM)
codes] following hepatectomy or esophagectomy resulted
in approximately nine-fold increased RR for in-hospital
mortality (13.4%) and prolonged hospital stay [26]. The
occurrence of a defined postoperative complication or
requirement for postoperative critical care has also been
associated with a marked increase in hospital admissions
per patient-year after the index episode of critical illness
[36,37] and reduced 5–10-year disease-free and overall
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Table 1 Variety of methods used to describe postoperative morbidity in recent cohort studies

Reference
Original or
review

Descriptors of
morbidity

Source of morbidity
information Surgical population

Number of
patients

Overall morbidity
described

Severity of
complications
described?

Time points
described?

Duration of
follow-up Mortality?

Strasberg et al.
[16,17]

Review T92 and variants
(Sloane–Kettering
Memorial,
Clavien-Dindo)

Various Various: 75% general,
16% urology, 7%
gynecology and
2% others

44 600 (129
studies; median
152, range
10–2775)

Varies with study;
8792 complications
described in entire
group

Yes No Variable Included as part of
severity score,
rates vary between
studies

Bennett-Guerrero
et al. [18]

Original POMS morbidity
domains

Prospective, blinded
data collection

Various major elective
noncardiac surgery

438 26% of all patients
on POD 8

No Yes, days 5,
8 and 15

15 days 1.6%

Grocott
et al. [19]

Original POMS morbidity
domains

Prospective data
collection

Various major elective
noncardiac surgery

439 31% of all patients
on POD 8

No Yes, days 3,
5, 8 and 15

Morbidity: 15 days,
hospital discharge.
Mortality

1.4%

Ackland
et al. [20]

Original POMS morbidity
domains

Prospective data
collection

Elective lower limb
arthroplasty

129 9% of all patients
on POD 8

No Yes, days
5 and 8

Morbidity: 15 days.
Mortality: hospital
admission

0%

McNicol
et al. [21]

Original 11 predefined major
complication
diagnoses

Prospective data
collection

Various major elective
noncardiac surgery

1102 20% All classified
as major

No Duration of hospital
mortality

6% 30-day mortality

Liu and
Leung [22]

Original Predefined
complications

Retrospective data
collection

Noncardiac surgery in
patients >80 years

367 25% No No In hospital mortality 4.5%

Turrentine
et al. [23]

Original NSQIP-defined
complications

Retrospective analysis
of prospectively
collected data

Single-center general,
thoracic and vascular
elective and emergency
surgery

1628 28% (50%
>80 years)

No No 30 day hospital
mortality

5%

Ghaferi
et al. [24!]

Original Specific
NSQIP-defined
complications

Retrospective analysis
of prospectively
collected
clinical database
(NSQIP)

Major general and
vascular surgery with
mortality >1%

84 730 24–28% all
complications,
15–18% major
complications

Certain complication
excluded from
analysis of ‘major’
complications

No 30 days 3.5–6.9% at 30 days
across hospital
mortality quintiles

Khuri et al. [25] Original Specific
NSQIP-defined
complications

Retrospective analysis
of prospectively
collected clinical
database (NSQIP)

8 major general, vascular
and orthopedic
procedures

105 951 18% of all patients
with any 30-day
complication

No No Morbidity, 30 days;
mortality, up to
8 years via BIRLS
database

3% at 30 days, 36%
within the study
follow-up

Dimick et al.
[26]

Original 12 specified
ICD-9-CM-coded
complications

Retrospective analysis
of prospectively
collected clinical
database
(Maryland hospital
discharge database)

Esophagectomy and
hepatectomy

935 38.4% No No Hospital admission 6.1%

Dimick et al.
[27]

Original ICD-9-CM codes Retrospective analysis
of US Nationwide
Inpatient Sample
administrative
database

Esophagectomy,
pancreatectomy,
AAA repair

17 878 30–51%
esophagectomy,
6–12%
pancreatectomy,
9–18% AAA

No No Hospital admission 2.5–19% depending
on operation and
occurrence of a
complication

Ghaferi et al.
[28]

Original Eight specified
ICD-9-CM-coded
complications

Retrospective using
Medicare claims
database (MEDPAR)

Pancreatectomy,
esophagectomy,
AAA, CABG,
aortic valve or
mitral valve
replacement

269 911 33–36% No No Hospital admission 3–8% at 30 days
across hospital
mortality quintiles

Bailey et al.
[29]

Original Predefined NSQIP
complications

Prospectively collected
clinical database
(NSQIP)

Esophagectomy 1777 50% No No 30 day 10%

AAA, abdominal aortic aneurysm; BIRLS, Beneficiary Identification and Records Locator Subsystem; CABG, coronary artery bypass grafting; ICD-9-CM, International Classification of Disease, Ninth Revision, Clinical Modification; MEDPAR, Medicare Provider Analysis
and Review; NSQIP, National Surgical Quality Improvement Project; POD, postoperative day; POMS, Postoperative Morbidity Survey.
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survival following surgery for malignancy [29,38–45].
Thus, similar to other hospital-treated diseases (e.g.
community-acquired pneumonia), many patients may
leave hospital with ongoing subclinical inflammation,
which is associated with an increased risk of death despite
apparent clinical recovery [46!].

Short-term postoperative mortality does not
necessarily reflect the incidence of morbidity
Several flaws have emerged in defining high-risk patients
through mortality, as highlighted by short-term outcome
studies and the impact of process on determining short,
and possibly, longer term outcomes. Although postopera-
tive complications may be related significantly with
patient factors rather than to quality of care, these associ-
ations are not consistent [14]. Despite a two-fold variation
in mortality rates between hospitals, ICD-9-CM-defined
complication rates, including major complications, were
similar across all hospitals (25–35% patients) [24!,28].
The apparent contradictory finding of similar morbidity
yet widely varying in-hospital mortality is explained
by increasingly compelling data demonstrating the
importance of effective management of complications
[24!] or ‘failure to rescue’ an increasingly important
factor in determining outcome in critically ill patients
[28,47,48]. The frequency of having any complication
also partly varies in relation to hospital [27] and surgical
[49] volume. These controversial data [50] are significant
confounding factors in defining the high-risk patient on
the basis of morbidity/mortality data and reinforce the
need for the collection of hospital-specific morbidity data.
The complete perioperative package of resources,
including surgical, anesthesia and nursing [51] expertise
and accessibility to high-quality, well resourced post-
operative critical care [47,52–54], are all likely to con-
tribute to lower frequency of complications. However,
NSQIP analyses suggest that surgical volume should not
be substituted for prospectively monitored, risk-adjusted

outcomes as a comparative measure of the quality of
surgical care or as a definition of risk [55].

Emergence of cardiac insufficiency rather
than cardiac ischemia as a marker of high risk
Most of the focus on defining perioperative high risk has
previously centered on cardiac ischemic events and
mortality attributed to coronary artery disease [56]. These
data are biased heavily by patients undergoing vascular
surgical procedures [56–58]. The PostOperative ISchemic
Evaluation (POISE) trial [59], in which over 40% of 8351
patients underwent vascular surgical procedures, revealed
a baseline perioperative myocardial infarction (MI) rate of
5.7%. Although further morbidity data are awaited from
the POISE trial, by comparison to other studies, cardiac
ischemic morbidity (typically<10%) is greatly outweighed
by noncardiac morbidities in the nonvascular surgical
population [18–20]. Interestingly, in the modern era of
advanced cardiologic diagnosis and intervention for acute
MI, the cause of in-hospital death has shifted from cardi-
ovascular to noncardiovascular [60]. Indeed, several con-
temporary studies in the nonvascular, noncardiac surgical
population demonstrate a significant disconnect between
the high rates of cardiac ischemic morbidity seen in the
vascular surgical population and far lower rates in other
surgical subspecialties [61]. An important shift in emphasis
has recently targeted cardiac insufficiency, the prevalence
of which continues to rise. Two separate retrospective
analyses [3,4!] of more than 200 000 patients revealed that
US Medicare patients of at least 65 years of age undergoing
major noncardiac procedures with preoperative heart fail-
ure were around twice as likely to die following nonvas-
cular operations and sustain more (undefined) compli-
cations leading to readmission, even compared with
patients with established coronary artery disease. These
data are consistent with objective preoperative measures
of cardiopulmonary insufficiency elicited by cardiopul-
monary exercise testing [62,63] and various other assess-
ments of exercise tolerance [64,65] that demonstrate a
strong association with increased perioperative morbid-
ity/mortality. If future studies demonstrate an excess
association with noncardiac postoperative morbidity, then
the implications for redefining the high-risk population are
considerable.

Importance of nutritional and renal
insufficiency as preoperative risk factors
In addition to preexisting cardiac morbidity, studies in
specific surgical subspecialties have identified several
preoperative risk factors linked to outcome, although
the vast majority have focused predominantly on in-
hospital mortality. Serum albumin concentration is a
strong predictor of outcome [66,67], whereas chronic
renal insufficiency [68–70] is recurrently associated with

342 Postoperative problems

Table 2 The relative importance of preoperative, intraoperative
and postoperative variables for 30-day and long-term mortality

Rank 30-day mortality Long-term survival

1 Any complication Age
2 ASA class Albumin (g/dl)
3 Emergency surgery Any complication
4 Albumin (g/dl) ASA class
5 RBC units intraoperatively BUN >40 mg/dl
6 Age History of COPD
7 Sodium <135 nmol/l Smoking
8 Disseminated cancer Diabetes
9 BUN >40 mg/dl Functional status
10 SGOT >40 IU/ml Disseminated cancer

ASA, American Society of Anesthesiologists; BUN, body urea nitrogen;
COPD, chronic obstructive pulmonary disease; RBC, red blood cell;
SGOT, serum glutamic oxaloacetic transaminase. Data from Khuri et al.
[25].
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perioperative cardiovascular mortality and death predo-
minantly in vascular surgical patients, although associ-
ations with other morbidities are underexplored. Mild
degrees of preoperative anemia or polycythemia are
associated with an increased risk of 30-day postoperative
mortality and cardiac events in older patients, mostly
in men undergoing major noncardiac surgery [71,72].
Surgical complexity [73,74] and the extremes of older
age [21–23,31,32] are also linked to poorer outcomes.

The use of novel biomarkers may enhance
definition of the high-risk surgical population
Identifying biological variables perioperatively that are
associated with robustly defined postoperative outcomes
should aid more precise risk stratification, chiefly because
they are simple to measure in statistically valid numbers
of surgical patients. Elevated postoperative troponin
levels are associated with increased risk-adjusted long-
term all-cause mortality after major vascular surgery [75–
77]. These data echo similar identification of higher risk
patients in other medical populations [78]. Caution over
this approach is warranted, as various novel plasma bio-
markers do not seem to offer any predictive value over
traditional risk factors in the general population for
cardiovascular morbidity/mortality [79,80]. Given that
very few studies have been conducted into how various
perioperative assessments, risk scores or both relate to
postoperative morbidity, head-to-head comparisons
between such tools and novel biomarkers are clearly
disappointingly scarce. The benefit of a range of bio-
markers may, however, become apparent in the peri-
operative period simply because several logistic factors
conspire to present particular challenges for adequate risk
assessment. A lack of timely, objective preoperative
assessment [81] or cardiology consultation [82] is com-
mon and impairs clear delineation of the epidemiology of
the higher risk patient, particularly for emergent surgery.
Consistent with recent data on cardiac failure conferring
increased risk in noncardiac surgery, meta-analyses
[83–85] reveal that raised preoperative brain natriuretic
peptide (BNP) is associated with increased cardiac mor-
bidity and mortality after major surgery. The ongoing
prospective Vascular Events In Noncardiac Surgery
Patients Cohort Evaluation (VISION) study [86] explor-
ing the predictive role of BNP in redefining the high-risk
surgical population will likely provide a major advance.

Limitations of retrospective data extraction
and nonstandardized definitions of morbidity
The lack of robustly defined postoperative morbidity
outcomes [16] along with inconsistency in the quality
of reporting over time and between institutions [87]
hampers further refinement of the definition of the
high-risk surgical population. The critical importance

of prospectively acquired, objective, validated, time-
sensitive data is reinforced by the poor sensitivity in
describing morbidity provided by administrative data-
bases utilizing hospital coding of postoperative compli-
cations [88,89]. Electronic patient records could enhance
quality data acquisition and identify patients at higher
risk of postoperative complications [90]. Although length
of hospital stay serves as a useful indicator of outcome,
this may be flawed [91].

Timing and severity of postoperative
morbidity may refine the definition of higher
risk
In addition to the type of complication, the severity,
timing and patterns of postoperative morbidity are likely
to help identify subsets of high-risk patients, although
these data are lacking. Over 250 publications, and The
Safe Surgery Saves Life Study Group, have employed the
Clavien/T92 system [16], or variants thereof [17], as one
of the standard composite endpoints in evaluating and
improving the safety of surgery. This grading system
ranks morbidity by severity based on the therapy (and
success thereof) used to treat postoperative compli-
cations, the further refinement of which may enhance
the definition of higher risk (Table 1). The influence of
apparently minor, though common, morbidities on out-
come may also be underestimated. Time-sensitive, pro-
spective data collection of short-term postoperative mor-
bidity using the Postoperative Morbidity Survey (POMS)
[18,19] has demonstrated that specific patterns of mor-
bidity tend to recur similarly (Fig. 1) across operations
and healthcare systems [18–20]. Of these morbidities,
gastrointestinal dysfunction – defined by either an
inability to tolerate an enteral diet by mouth or feeding
tube, nausea, vomiting or abdominal distension – occurs
commonly and irrespective of the type of surgery or pain
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Figure 1 Postoperative Morbidity Survey-defined morbidity is
similar across different healthcare systems (USA vs. UK), hos-
pitals (Duke University Medical Center, Edinburgh Royal Infirm-
ary, University College London Hospitals) and (qualitatively)
many types of operation
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POMS, Postoperative Morbidity Survey. ( ) Duke, ( ) Edinburgh and
( ) University College London.
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medication. Consistent with the hypothesis that gastro-
intestinal hypoperfusion is a unifying cause of postopera-
tive morbidity [92], gastrointestinal dysfunction is associ-
ated with the development of further postoperative
complications and prolonged length of stay (Fig. 2)
[18]. The concept of a failure to return to normal function
– such as ongoing, evolving or both postoperative dys-
mobility – also needs to be taken into account to define
higher risk. The potential importance of physical decon-
ditioning as a consequence of postoperative morbidity is
exemplified by substantial data showing that reduced
walking speed is associated strongly with subsequent
excess cardiovascular mortality [93]. Valid and reliable
instruments for assessing health-related quality of life are
widely available [94].

Conclusion
The higher risk surgical population remains poorly
defined, largely due to the variable outcome measures
employed. Critically, our understanding of what consti-
tutes high risk has been transformed by recent data
exposing the significant ongoing burden of postoperative
morbidity beyond the perioperative period. Lack of data
on the trajectory, interrelationships and attendant patho-
physiologic processes underlying various postoperative
morbidities limits further understanding and translation
into predicting short-term and longer term impact. High-
quality databases collecting validated, patient-centered
outcome data are required urgently to fully define the
high-risk surgical population. User-friendly clinical risk
scores, perhaps in combination with novel biomarkers,
may help define individualized risk more precisely,

particularly if longer term morbidity and mortality out-
comes are considered. Defining the high-risk surgical
patient population is just as critically important for global,
public health planning as it is for the perioperative
team.
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