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Editor’s key points

† Clinical acumen and
subjective assessment of
a patient’s fitness for
surgery have modest
predictive utility.

† Cardiopulmonary exercise
testing (CPET) evaluates
the overall capacity of the
cardiovascular and
respiratory systems to
work maximally.

† This study provides good
evidence that CPET
enhances risk
stratification for patients
undergoing major
surgery.

Background. Postoperative complications are associated with reduced fitness.
Cardiopulmonary exercise testing (CPET) has been used in risk stratification. We investigated
the relationship between preoperative CPETand in-hospital morbidity in majorcolonic surgery.

Methods. We prospectively studied 198 patients undergoing major colonic surgery (excluding
neoadjuvant cancer therapy), performing preoperative CPET (reported blind to clinical state),
and recording morbidity (assessed blind to CPET), postoperative outcome, and length of stay.

Results. Of 198 patients, 62 were excluded: 11 had emergency surgery, 25 had no surgery, 23
had incomplete data, and three were unable to perform CPET. One hundred and thirty-six (89
males, 47 females) were available for analysis. The median age was 71 [inter-quartile range
(IQR) 62–77] yr. Sixty-five patients (48%) had a complication at day 5 after operation.
Measurements significantly lower in patients with complications than those without were
O2 uptake (V̇O2) at estimated lactate threshold (ûL) [median 9.9 (IQR 8.3–12.7) vs 11.2 (9.5–
14.2) ml kg21 min21, P,0.01], V̇O2 at peak [15.2 (12.6–18.1) vs 17.2 (13.7–22.5) ml kg21

min21, P¼0.01], and ventilatory equivalent for CO2 (V̇E/V̇CO2) at ûL [31.3 (28.0–34.8) vs 33.9
(30.0–39.1), P,0.01]. A final multivariable logistic regression model contained V̇O2 at ûL

{one-point change odds ratio (OR) 0.77 [95% confidence interval (CI) 0.66–0.89], P,0.0005;
two-point change OR 0.61 (0.46–0.81) and gender [OR 4.42 (1.78–9.88), P¼0.001]}, and
was reasonably able to discriminate those with and without complications (AUC 0.71, CI
0.62–0.80, 68% sensitivity, 65% specificity).

Conclusions. CPET variables are associated with postoperative morbidity. A multivariable
model with V̇O2 at ûL and gender discriminates those with complications after colonic surgery.
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postoperative complications
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Major colorectal surgery carries substantial morbidity (15–
20%)1 2 and mortality, particularly in elderly patients and
those with co-morbidities.3 Recent UK cancer audits show 30
day mortality of 2.3% for elective and 11.4% for emergency
surgery.4 Outcome after major surgery depends both on

modifiable factors such as perioperative medical care and
physiological tolerance of surgical trauma. Accurate risk stratifi-
cationpermitsmodificationofpreoperativestatusand optimiza-
tion of intra- and postoperative management, and thus
facilitates efficient use of resources (e.g. intensive care beds),
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and enhances shared decision-making.5 Approaches to risk
evaluation include clinical acumen, clinical prediction scores
[e.g. ASA physical status (ASA-PS), Duke’s Activity Scores,
POSSUM, CR-POSSUM],6–8 plasma biomarkers,9 measures of
cardiac function,10 11 and shuttle walk tests,12–14 but their ef-
fectiveness in predicting complications is not well estab-
lished.15–17

Cardiopulmonary exercise testing (CPET), which has been
used for risk stratification before thoracic and abdominal
surgery,17 – 21 tests cardiorespiratory reserve (physical fitness)
at rest and under the stress of maximal exercise (mimicking
that of major surgery), and is the most objective and precise
means of evaluating pre-surgical fitness.22 – 24

This prospective, blinded, observational study tests the hy-
pothesis that CPETvariables are related to short-term in-hospital
morbidity in patients undergoing major colonic surgery.

Methods
Patients

We included all patients aged .18 yr considered for major
colonic surgery (benign or malignant), except those with in-
flammatory bowel disease, patients undergoing neoadjuvant
cancer therapy, or patients who were unable to perform CPET
as part of their preoperative evaluation between February
2009 and December 2010. Patients were excluded on the
basis of having no surgery performed or interim emergency
surgery, lacking complete in-hospital morbidity data, or their
inability to attain a definable lactate or anaerobic threshold
(V̇O2 at ûL). Discussions with Aintree University Hospitals
NHS Foundation Trust and the North West Research Ethics
Committee established that formal ethical approval was un-
necessary, since CPET had been recently introduced as
routine assessment in the hospital for major colorectal surgical
patients, and results were not used by the multidisciplinary
team (MDT) to alter clinical management as yet. We however
adhered fully to Caldicott guidelines. All patients received an
information sheet regarding CPET and written consent was
obtained. No patient was refused surgery on the basis of
gas-exchange measurements, although any ECG abnormal-
ities were raised at the colorectal MDTmeeting and referred ap-
propriately.

Cardiopulmonary exercise testing

CPET followed American Thoracic Society/American College of
Chest Physicians recommendations.25 After resting spirometry
(flow-volume loops), CPET on an electromagnetically braked
cycle ergometer (Ergoline 2000) comprised 2 min rest, 2 min
freewheel pedalling, ramped incremental pedalling until vol-
itional termination, and 5 min recovery. Ventilation and gas ex-
change was measured using a metabolic cart [Geratherm
Respiratory GmbH (Love Medical Ltd, Manchester, UK)]. Pulse,
12-lead ECG, arterial pressure, and pulse oximetry were moni-
tored throughout. Ramp gradient was set to 10–25 W min21

based on a calculation26 using predicted freewheel oxygen
uptake (V̇O2), predicted V̇O2 at peak exercise, height, and
age. No major adverse clinical events occurred during CPET.

Measurements

Patient characteristics recorded at CPET included age, gender,
height, weight, diagnosis, staging (if malignancy), surgical pro-
cedure planned, WHO classification, and ASA-PS, and also diag-
nosis of diabetes, ischaemic heart disease, cerebrovascular
disease, or heart failure. Resting flow-volume loops were used
to derive forced expiratory volume over 1 s (FEV1) and forced
vital capacity (FVC). Ventilation and gas exchange variables
derived from CPET included V̇O2, ventilatory equivalents for
oxygen and carbon dioxide (V̇E/V̇O2; V̇E/V̇CO2), and oxygen
pulse (V̇O2/heart rate), all measured at ûL and at peak exer-
cise.26 ûL was estimated conventionally [breakpoint in the
V̇CO2 − V̇O2 relationship,27 with increases in V̇E/V̇O2 and end-
tidal (PE′) O2 but no increase in V̇E/V̇CO2 or decrease in
PE′CO2

].28 Peak V̇O2 was averaged over the last 30 s of exercise.
CPETs were reported by two experienced assessors both blind
to patient characteristics and outcome data.

Short-term surgical outcome was assessed as morbidity
(by medical and nursing staff blind to any CPET data) using
the nine domains listed in the Post-Operative Morbidity
Survey29 on day 5, Clavien–Dindo Classification30 (highest
grade for the most serious sustained in-hospital complication),
and in-hospital mortality. Length of hospital stay (days) was
recorded prospectively, and patients were followed for 30
days post-discharge for re-admission and mortality. The
patients and the colorectal MDT (including anaesthetists)
were blind to all CPET data. No perioperative management or
decisions were influenced by CPET data.

The primary aim was to establish the relationship between
postoperative complications (POMS present or absent on day 5)
and V̇O2 at ûL; a secondaryaim wasto explore the multivariable
relationship between CPET variables and other important prog-
nostic variables with complications at day 5 after operation.

Statistical methods

Non-parametric receiver operator characteristic (ROC)
curves were constructed for V̇O2 at ûL, V̇O2 at peak, O2 pulse
at ûL, and V̇E/V̇CO2 at ûL in order to assess their independent
ability to discriminate between patients with and without
day 5 morbidity. Optimal cut-points were obtained by minimiz-
ing the distance between points on the ROC curve and the
upper left corner. Six variables (to satisfy the 10 events
per variable rule)31 were identified as candidates for a multi-
variable logistic regression model: V̇O2 at ûL and at peak,
gender, operation type (laparoscopic/open), and O2 pulse at
ûL and V̇E/V̇CO2 at ûL. A final multivariable model was obtained
using forward stepwise selection [minimizing Akaike informa-
tion criteria (AIC)]. Its sensitivity to variable exclusion and
re-inclusion was also assessed using AIC. Model fit was
assessed using the Hosmer–Lemeshow goodness-of-fit test.
In order to explore the univariate relationship between CPET
variables and length of stay, continuous CPET variables were
dichotomized at the optimal cut-point for the ROC curve and
the Kaplan–Meier curves were constructed. The log-rank test
was used to compare survival curves; patients who died
before discharge (n¼2) were treated as right-censored.
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Patients who left the study before day 5 (n¼14) were excluded
from the analysis of length of stay. All analyses were conducted
using Stata (StataCorp., 2011, Stata Statistical Software:
Release 12. College Station, TX: StataCorp LP). Continuous vari-
ables are reported as mean and standard deviation (SD) or
median and inter-quartile range (IQR) depending on the distri-
bution. Categorical variables are presented as frequency (%).
P-values in Tables 1 and 2 were obtained using univariate logis-
tic regression (continuous) and x2 or Fisher’s exact tests (cat-
egorical). Statistical significance was taken at 5%.

Results
One hundred and ninety-eight patients consented; of whom,
25 had no surgery (15 due to patient choice, 10 due to irre-
sectable metastasis), 11 needed an emergency procedure,
and three were unable to perform a CPET. Of the 159 who
had adequate CPET and underwent major elective surgery,

23 lacked complete data. Of the remaining 136 (89 males,
46 females), 41 had right and nine left hemicolectomy, 46
anterior resection, one subtotal colectomy, 13 abdomino-
perineal resections, eight Hartman’s procedure, and 19
other major colonic resections. One patient developed a
supraventricular tachycardia at peak exercise. The patient’s
ECG was discussed at MDT and was subsequently referred
to a cardiologist. Surgery on this patient proceeded as
normal. Table 1 shows patients grouped by occurrence or
not of in-hospital postoperative complications: these
groups differed significantly in gender, age, and preoperative
heart failure, but not in operation type, surgery, or presence
of anastomosis/stoma. Table 2 shows grouped CPET data:
patients with a complication had significantly lower V̇O2

at ûL, V̇O2 at peak, and higher V̇E/V̇CO2 at ûL. Three patients
unable to attain ûL sustained a complication and their dis-
charge was delayed; these were excluded from analysis.

Table 1 Patient characteristics. Data presented as median (25th–75th percentile), mean (SD), or frequency (%). P-values obtained using univariate
logistic regression, x2 tests, or Fisher’s exact tests where cell counts were insufficient. All percentages represent proportions within complications
(yes/no classifications), except ‘n’ which refers to the proportion of patients with and without complications

Variable No complications Complications Overall P-value

n 71 (52%) 65 (48%) 136 —

Gender

Male 41 (58%) 48 (74%) 89 (65%)

Female 30 (42%) 17 (26%) 47 (35%) 0.05

Age (yr) 67 (59–75) 72 (65–77) 71 (62–77) 0.03

ASA 2 (2–3) 2 (2–3) 2 (2–3) 0.13

BMI (kg m22) 27 (6) 27 (7) 27 (7) 0.78

Laparoscopic 31 (44%) 21 (32%) 52 (38%)

Open 40 (56%) 44 (68%) 84 (62%) 0.18

Operation type

Right hemicolectomy 22 19 41

Left hemicolectomy 3 5 8

Subtotal colectomy 0 1 1

Anterior resection 28 18 46

Abdominoperineal resection 7 6 13

Hartmann’s procedure 3 5 8

Other colonic resection 8 11 19

Anastomosis

Yes 61 (86%) 54 (83%) 115 (85%) 0.65

No 10 (14%) 11 (17%) 21 (15%)

Surgery type

Oncological surgery 63 (89%) 58 (89%) 121 (89%)

Benign surgery 8 (11%) 7 (11%) 15 (11%) 0.56

Ischaemic heart disease 9 (13%) 5 (8%) 14 (10%) 0.34

Diabetes 6 (8%) 10 (15%) 16 (12%) 0.21

Cerebrovascular disease 1 (1%) 3 (5%) 4 (3%) 0.27

Heart failure 0 (0%) 5 (8%) 5 (4%) 0.01

ASA physical status

I 10 (14%) 6 (9%) 16 (12%)

II 41 (59%) 28 (44%) 69 (51%)

III 18 (26%) 28 (44%) 46 (34%)

IV 1 (1%) 2 (3%) 3 (2%)
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Sixty-five patients (48%) sustained a complication at day 5;
of whom, two died in hospital (1.5% mortality) from myocardial
infarction (at days 3 and 5) and eight (6.5%) suffered anasto-
motic leak at a median of 6 days (four anterior resection,
three right, and one left hemicolectomy): of these, five were
re-operated, three treated conservatively with radiological-
inserted drains and i.v. antibiotics. A further two patients
were re-operated at median 5 days (one patient suffered intes-
tinal obstruction and another a necrotic stoma). All these suf-
fered further complications and delayed hospital discharge.
Table 3 shows POMS-defined complication at day 5 after oper-
ation and Clavien–Dindo classification. POMS episodes were
dichotomized around the ROC curve cut-point for V̇O2 at ûL. Pul-
monary and infective complications (patients requiring anti-
biotics for a febrile episode) differed between the groups
(P,0.001 and 0.02, respectively).

Independently, V̇O2 at ûL, V̇O2 at peak, and V̇E/V̇CO2 were
associated with day 5 morbidity (P,0.05), whereas O2 pulse
at ûL and ASA were not (P¼0.22 and 0.11, respectively). For
V̇O2 at ûL [area under the curve (AUC) 0.63, confidence interval
(CI) 0.54–0.73], the optimal cut-point was 10.1 ml kg21 min21,
giving 68% sensitivity and 58% specificity (Fig. 1), while for V̇O2

at peak (AUC 0.63, CI 0.53–0.73), the cut-point was 16.7 ml
kg21 min21, giving 55% sensitivity and 69% specificity. For
V̇E/V̇CO2 at ûL (AUC 0.64, CI 0.55–0.74), the cut-point was
32.9, giving 60% sensitivity and 66% specificity.

Only V̇O2 at ûL and gender were retained in the final multi-
variable logistic regression model. In this model, the odds of
complications are higher for a male than a female with the
same V̇O2 at ûL [odds ratio (OR) 4.19, CI 1.78–9.88, P,0.001];
a 1.0 ml kg21 min21 increase in V̇O2 at ûL is associated with
�20% reduction in the odds of complications (OR 0.77, CI

Table 2 CPET variables. Data presented as median (25th–75th percentile) and as frequency (%)*. P-values obtained using univariate logistic
regression or Fisher’s exact tests where cell counts were insufficient

Variable No complications Complications Overall P-value

V̇O2 at LT (ml kg21 min21) 11.2 (9.5–14.2) 9.9 (8.3–11.8) 10.6 (8.9–12.7) ,0.01

V̇O2 at peak (ml kg21 min21) 17.2 (13.7–22.5) 15.2 (12.6–18.1) 15.8 (12.9–20.2) 0.01

O2 pulse at LT (ml beat21) 7.7 (6.2–10.2) 7.5 (5.9–9.2) 7.5 (6.1–9.7) 0.22

V̇E/V̇CO2 at LT 31.3 (28.0–34.8) 33.9 (30.0–39.1) 32.3 (29.4–37.4) ,0.01

Attained LT?*

Yes 71 (100%) 62 (89%) 133 (98%)

No 0 (0%) 3 (11%) 3 (2%) 0.05

Table 3 Total postoperative morbidity assessed by the Clavien–Dindo classification (highest grade of morbidity attained in-hospital) and
postoperative morbidity assessed by POMS at day 5 after operation (nine domains of morbidity assessed at day 5 after operation) dichotomized at
the optimal cut-off for V̇O2 at ûL (10.1 ml kg21 min21*). P-values obtained using thex2 tests or Fisher’s exact tests where cell counts were insufficient

Complication type Clavien–Dindo classification POMS defined morbidity at day 5 P-value

LT≤10.1* (n564) LT>10.1* (n572)

Pulmonary

Pneumonia II 10 (16%) 2 (3%) ,0.001

Infection

Febrile and requiring antibiotics II 15 (23%) 6 (8%) 0.02

Anastomotic leak or collection requiring re-operation IIIb 4 (6%) 4 (6%) 1.00

Renal

Acute kidney injury I 8 (13%) 4 (6%) 0.15

Gastrointestinal

Ileus I 14 (22%) 10 (14%) 0.22

Total parenteral nutrition II 5 (8%) 2 (3%) 0.25

Cardiovascular

Arrhythmias II 8 (13%) 4 (6%) 0.15

Myocardial infarction II 3 (5%) 2 (3%) 0.67

Neurological IV 2 (3%) 0 (0%) 0.22

Haematological II 2 (3%) 2 (3%) 1.00

Pain I 5 (8%) 3 (4%) 0.48

Wound

Abdominal II 4 (6%) 2 (3%) 0.42

Perineal I 3 (5%) 2 (3%) 0.67
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0.66–0.89, P,0.0005) and a 2.0 ml kg21 min21 increase with
�40% reduction (OR 0.60, CI 0.45–0.80, P,0.001), after ad-
justment for sex. The ability of this model to discriminate
between patients with and without acomplication was reason-
able (AUC 0.71, CI 0.62–0.80, 68% sensitivity and 65% specifi-
city at the optimal cut-point; positive predictive value¼62%,
negative predictive value¼69%) (Fig. 2).

There is evidence to suggest that, independent of other pre-
dictive variables, patients with V̇O2 at ûL (P¼0.003) (Fig. 3) or
V̇O2 at peak (P¼0.004) above the cut-point and V̇E/V̇CO2 at ûL

(P,0.0001) below the cut-point have a significantly reduced
length of hospital stay.

Discussion
Main findings and comparison with other studies

This prospective, blinded, observational study provides novel
evidence supporting CPET as an objective risk assessment

tool before major colonic surgery. In this cohort, V̇O2 at ûL

and peak were significantly lower and V̇E/V̇CO2 at ûL signifi-
cantly higher, in patients encountering POMS-defined compli-
cation at day 5 after operation, and single-variable analysis
confirms these associations, albeit with only moderate sensi-
tivity and specificity. The poor predictive performance of CPET
variables in our study when assessed independently is consist-
ent with the literature23 24 and reflects the complex interac-
tions between baseline physiology and elective surgical
trauma on postoperative outcomes. However, multivariable
analysis showed that V̇O2 at ûL and gender were independent
predictors of complications after surgery with moderate dis-
crimination between patients with, and without, complica-
tions. ASA was not independently related to outcome and
inclusion of this variable in the multivariable model had a neg-
ligible effect.

This study adds to the literature supporting objective mea-
sures of physical fitness for risk assessment in major abdominal
surgery. The findings by Older and colleagues32 in 187 elderly
patients undergoing major intra-abdominal surgery that pre-
operative ûL ,11.0mlkg21 min21 wasassociatedwith increased
cardiovascular mortality established CPETas a tool for preopera-
tive risk assessment and stratification. In a later study and a
review,20 33 Older investigated triaging: if a patient had ûL , 11
ml kg21 min21, they were assigned to ICU before operation.
Assessing 843 patients .55 yr undergoing major colorectal
surgery, radical nephrectomies, and cystectomies, Wilson and
colleagues18 concluded that ûL ≤ 10.9 ml kg21 min21 and
V̇E/V̇CO2 at ûL ≥ 34 had 88% sensitivity and 47% specificity for
hospital mortality. Snowden and colleagues17 evaluated CPET
in preoperative risk assessment in elderly (mean age 70 yr)
patients undergoing major intra-abdominal surgery, finding
that the ûL optimal cut-point of 10.1 ml kg21 min21 gave 88%
sensitivity and 79% specificity for discriminating postoperative
complications (AUC 0.85; CI 0.78–0.91; P,0.001). In 32 patients
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Fig 1 ROC curve for oxygen uptake at estimated lactate threshold
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undergoing major intra-abdominal surgery, Hightower and col-
leagues6 found that ûL , 75%of predicted value predicted com-
plications [AUC 0.72 (CI 0.57–0.87); sensitivity 88%; specificity
56%, P¼0.016]. A particular strength of our study, and those of
Snowden and Hightower, is that clinicians were blinded to CPET
results, which eliminates ‘confounding by indication’.34

Junejo and colleagues35 evaluated preoperative CPET in
predicting outcome after major hepatic resection in 108
patients: ûL ,9.9 ml kg21 min21 was 100% sensitive and
76% specific for in-hospital mortality, age and V̇E/V̇CO2 at ûL

(84% specificity and 47% sensitivity) were related to post-
operative complications, and long-term survival with ûL ,9.9
ml kg21 min21 was significantly worse (hazard ratio 1.81, CI
1.04–3.17); however, only eight deaths out of 94 patients
were recorded. Otto and colleagues36 retrospectively studied
aerobic exercise capacity in inflammatory bowel disease
patients, finding that adjusted ûL in Crohn’s disease was
lower than in colorectal cancer [mean (SD): 11.4 (3.4) vs 13.2
(3.5) ml kg21 min21]. This justifies our exclusion of inflamma-
tory bowel disease patients as pathophysiologically distinct.

Our data further support CPET in perioperative risk assess-
ment.22 – 24 Our best prognostic markers of postoperative com-
plications were V̇E/V̇CO2 at ûL with a cut-off at 32.9, V̇O2 at ûL

with a cut-off at 10.1 ml kg21 min21, and V̇O2 at peak with a
cut-off at 16.7 ml kg21 min21. These are similar to cut-off
points found by Older and colleagues,20 Snowden and collea-
gues,17 and Junejo and colleagues,35 although the sensitivity
and specificity of individual variables were moderate when
compared with other studies. However, our multivariable logis-
tic regression model identifies gender and ûL as important pre-
dictors of day 5 complications, albeit with moderate AUC,
specificity, and sensitivity. Interestingly, in upper gastrointes-
tinal cancer surgery,37 bariatric surgery,38 and liver transplant-
ation39 surgery, the association with outcome and the cut-off
point for V̇O2 at ûL is different. However, a recently published
series by Colson and colleagues40 concludes that single-
variable primary endpoints commonly derived from CPET
(such as ûL) were not associated with 5 yr survival, although
in a multivariable analysis, many CPET variables were import-
ant predictors.

Strengths and weaknesses

Strengths of this study include the homogeneous nature of the
study population (only colonic surgical patients were included,
rectal cancer patients who were undergoing cancer therapies
were excluded), the blinded reporting of objectively measured
CPETvariables, the prospective nature of the study, the blinding
to CPETresults of caring clinicians and outcome data collectors,
and the use of POMS29 (which has been validated in the UK) as a
primary outcome measure and is currently used in National In-
stitute for Health Research and Medical Research Council
funded studies.

Potential weaknesses include the single-centre design
which limits generalizability to other centres, as the ROC
curve cut-off points are optimized for this local cohort and
future validation work in similar cohorts should be performed.

Conclusion and further research

Our results indicate that when using CPET in patients awaiting
colonic surgery, clinicians should consider using V̇O2 at ûL (ROC
cut-off 10.1 ml kg21 min21) and gender as a simple risk predic-
tion tool. Of course, decisions regarding patient care or fitness
for surgery should be made using the overall clinical and CPET
picture. The identification of ûL and gender as a predictor for
short-term outcome in colonic surgery is novel; however, con-
firmation of these results in a larger colonic surgical cohort is
encouraged to establish whether several preoperative risk as-
sessment tools can be combined to predict risk more effective-
ly. Furthermore, we suggest that improving physical fitness, for
example, V̇O2 at ûL and peak might improve surgical outcome
in this population; to test this, we are currently investigating the
role of a structured preoperative exercise training programme
(prehabilitation) in this patient group (NCT01325909).

Authors’ contributions
M.A.W.: conception, study design, data acquisition, analysis,
drafting article, revision, and final approval. D.L.: analysis and
interpretation of data, drafting article, revising for intellectual
content, and final approval. C.P.B.: study design, data acquisi-
tion, analysis, drafting article, revision, and final approval.
L.N.: study design, data acquisition, analysis, drafting article,
revision, and final approval. S.J.: conception, study design, revi-
sion, and final approval. G.J.K.: analysis and interpretation of
data; critical revision of manuscript, and final approval.
M.P.W.G.: conception, study design, revision, and final approval.

Acknowledgement
We would like to thank Aintree University Hospitals NHS Foun-
dation Trust, Liverpool, Colorectal Multi-Disciplinary Team.

Declaration of interest
M.P.W.G. received honoraria for speaking for and/or travel
expenses from: Edwards Lifescience, Fresenius-Kabi, BOC
Medical (Linde Group), Ely-Lilly Critical Care, and Cortex GmBH.
He has also received research grants from: National Institute
of Health Research, Association of Anaesthetists of Great
Britain and Ireland, Sir Halley Stuart Trust, Francis and Augustus
Newman Foundation. He leads the Xtreme-Everest hypoxia re-
search consortium, who have received unrestricted research
grant funding from: BOC Medical (alinde Group) Ely-Lilly Critical
Care, Smiths Medical, Deltex Medical, London Clinic, Rolex.

Funding
None.

References
1 Andreoni B, Chiappa A, Bertani E, et al. Surgical outcomes for colon

and rectal cancer over a decade: results from a consecutive mono-
centric experience in 902 unselected patients. World J Surg Oncol
2007; 5: 73

2 Burns EM, Bottle A, Aylin P, Darzi A, Nicholls RJ, Faiz O. Variation in
reoperation after colorectal surgery in England as an indicator of

BJA West et al.

670

 by guest on February 24, 2016
http://bja.oxfordjournals.org/

D
ow

nloaded from
 

http://bja.oxfordjournals.org/


surgical performance: retrospective analysis of Hospital Episode
Statistics. Br Med J 2011; 343: 4836

3 Morris EJ, Taylor EF, Thomas JD, et al. Thirty-day postoperative mor-
tality after colorectal cancer surgery in England. Gut 2011; 60:
806–13

4 Finan P, Greenaway K. National Bowel Cancer Audit Report. 2011.
Available from www.ic.nhs.uk/bowelreports

5 Barry MJ, Edgman-Levitan S. Shared decision making—pinnacle of
patient-centered care. N Engl J Med 2012; 366: 780–1

6 Hightower CE, Riedel BJ, Feig BW, et al. A pilot study evaluating pre-
dictors of postoperative outcomes after major abdominal surgery:
physiological capacity compared with the ASA physical status clas-
sification system. Br J Anaesth 2010; 104: 465–71

7 Menon KV, Farouk R. An analysis of the accuracy of P-POSSUM
scoring for mortality risk assessment after surgery for colorectal
cancer. Colorectal Dis 2002; 4: 197–200

8 Tekkis PP, Prytherch DR, Kocher HM, et al. Development of a dedi-
cated risk-adjustment scoring system for colorectal surgery (colo-
rectal POSSUM). Br J Surg 2004; 91: 1174–82

9 Edwards M, Whittle J, Ackland GL. Biomarkers to guide perioperative
management. Postgrad Med J 2011; 87: 542–9

10 Baron J, Mundler O, Bertrand M, et al. Dipyridamole-thallium
scintigraphy and gated radionuclide angiography to assess
cardiac risk before abdominal aortic surgery. N Engl J Med 1994;
330: 663–9

11 Halm EA, Browner WS, Tubau JF, Tateo IM. Echocardiography for
assessing cardiac risk in patients having noncardiac surgery. Ann
Intern Med 1996; 125: 433–41

12 Murray P, Whiting P, Hutchinson SP, Ackroyd R, Stoddard CJ,
Billings C. Preoperative shuttle walking testing and outcome after
oesophagogastrectomy. Br J Anaesth 2007; 99: 809–11

13 Singh S, Morgan M, Hardman A. Comparison of oxygen uptake
during a conventional treadmill test and the shuttle walking test
in chronic airflow limitation. Eur Respir J 1994; 7: 2016–20

14 Struthers R, Erasmus P, Holmes K, Warman P, Collingwood A,
Sneyd JR. Assessing fitness for surgery: a comparison of
questionnaire, incremental shuttle walk, and cardiopulmonary
exercise testing in general surgical patients. Br J Anaesth 2008;
101: 774–80

15 Kertai MD, Klein J, Bax JJ, Poldermans D. Predicting perioperative
cardiac risk. Prog Cardiovasc Dis 2005; 47: 240–57

16 Schouten O, Bax JJ, Poldermans D. Assessment of cardiac risk
before non-cardiac general surgery. Heart 2006; 92: 1866–72

17 Snowden CP, Prentis JM, Anderson HL, et al. Submaximal cardiopul-
monaryexercise testing predicts complications and hospital length
of stay in patients undergoing major elective surgery. Ann Surg
2010; 251: 535–41

18 Wilson RJT, Davies S, Yates D, Redman J, Stone M. Impaired functional
capacity is associated with all-cause mortality after major elective
intra-abdominal surgery. Br J Anaesth 2010; 105: 297–303

19 Older P, Hall A. Clinical review: how to identify high-risk surgical
patients. Crit Care 2004; 8: 369–72

20 Older P, Hall A, Hader R. Cardiopulmonary exercise testing as a
screening test for perioperative management of major surgery in
the elderly. Chest 1999; 116: 355–62

21 Carlisle J, Swart M. Mid-term survival after abdominal aortic aneur-
ysm surgery predicted by cardiopulmonary exercise testing. Br J
Surg 2007; 94: 966–9

22 Smith TB, Stonell C, Purkayastha S, Paraskevas P. Cardiopulmonary
exercise testing as a risk assessment method in non cardio-
pulmonary surgery: a systematic review. Anaesthesia 2009; 64:
883–93

23 West M, Jack S, Grocott MPW. Perioperative cardiopulmonary exer-
cise testing in the elderly. Best Pract Res Clin Anaesthesiol 2011; 25:
427–37

24 Hennis PJ, Meale PM, Grocott MPW. Cardiopulmonary exercise
testing for the evaluation of perioperative risk in non-cardiopulmonary
surgery. Postgrad Med J 2011; 87: 550–7

25 Weisman IM, Marciniuk D, Martinez FJ, et al. ATS/ACCP statement on
cardiopulmonary exercise testing. Am J Respir Crit Care Med 2003;
167: 211–77

26 Wasserman K. Principles of Exercise Testing and Interpretation:
Pathophysiology and Clinical Applications, 4th Edn. Baltimore, MD:
Lippincott Williams & Wilkins, 2005; 1–180

27 William B, Wasserman K, Whipp J. A new method for detecting an-
aerobic threshold by gas exchange. J Appl Physiol 1986; 60: 2020–7

28 Sue D, Wasserman K, Moricca R, Casaburi R. Metabolic acidosis
during exercise in patients with chronic obstructive pulmonary
disease. Use of the V-slope method for anaerobic threshold deter-
mination. Chest 1988; 94: 931–8

29 Grocott MPW, Browne JP, Van der Meulen J, et al. The Postoperative
MorbiditySurvey was validated and used to describe morbidityafter
major surgery. J Clin Epidemiol 2007; 60: 919–28

30 Dindo D, Demartines N, Clavien P-A. Classification of surgical
complications. A new proposal with evluation in a cohort of 6336
patients and results of a survey. Ann Surg 2004; 240: 205–13

31 van Belle G. Statistical Rules of Thumb, 2nd Edn. Wiley-Interscience,
2008; 17–21

32 Older P, Smith R, Hone R. Preoperative evaluation of cardiac failure
and ischemia in elderly patients by cardiopulmonary exercise
testing. Chest 1993; 104: 701–4

33 Stringer W, Casaburi R, Older P. Cardiopulmonary exercise testing:
does it improve perioperative care and outcome? Curr Opin Anaes-
thesiol 2012; 25: 178–84

34 Grocott MPW, Pearse RM. Prognostic studies of perioperative risk:
robust methodology is needed. Br J Anaesth 2010; 105: 243–5

35 Junejo MA, Mason JM, Sheen AJ, et al. Cardiopulmonary exercise
testing for preoperative risk assessment before hepatic resection.
Br J Surg 2012; 99: 1097–104

36 Otto JM, O’Doherty AF, Hennis PJ, et al. Preoperative exercise cap-
acity in adult inflammatory bowel disease sufferers, determined
by cardiopulmonary exercise testing. Int J Colorectal Dis 2012; 27:
1485–91

37 Forshaw MJ, Strauss DC, Davies AR, et al. Is cardiopulmonary exer-
cise testing a useful test before esophagectomy? Ann Thor Surg
2008; 85: 294–9

38 McCullough PA, Gallagher MJ, Dejong AT, et al. Cardiorespiratory
fitness and short-term complications after bariatric surgery.
Chest 2006; 130: 517–25

39 Prentis J, Manas D, Trenell M. Submaximal cardiopulmonary exer-
cise testing predicts 90-day survival after liver transplantation.
Transplantation 2012; 18: 152–9

40 Colson M, Baglin J, Bolsin S, Grocott MPW. Cardiopulmonaryexercise
testing predicts 5 yr survival after major surgery. Br J Anaesth 2012;
109: 735–41

Handling editor: P. S. Myles

CPET and morbidity after colonic surgery BJA

671

 by guest on February 24, 2016
http://bja.oxfordjournals.org/

D
ow

nloaded from
 

www.ic.nhs.uk/bowelreports
www.ic.nhs.uk/bowelreports
www.ic.nhs.uk/bowelreports
www.ic.nhs.uk/bowelreports
http://bja.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


