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Thoracoscore fails to predict complications
following elective lung resection

Amy Bradley*, Andrea Marshall*, Mahmoud Abdelaziz*, Khalid Hussain*,
Paula Agostini*, Ehab Bishay*, Maninder Kalkat*, Richard Steyn*, Pala Rajesh¥*,
Janet Dunn® and Babu Naidu**

ABSTRACT: The Thoracoscore mortality risk model has been incorporated into the British
Thoracic Society guidelines on the radical management of patients with lung cancer. The
discriminative and predictive ability to predict mortality and post-operative pulmonary
complications (PPCs) in this group of patients is uncertain.

A prospective observational study was carried out on all patients following lung resection via
thoracotomy in a regional thoracic centre over 42 months. 128 out of 703 subjects developed a
PPC. 16 (2%) patients died in hospital. In a logistic regression analysis the Thoracoscore was not
a significant predictor of mortality (OR 1.07, 95% CI 0.99-1.17; p=0.11) but was a significant
predictor of PPCs (OR 1.08, 95% CI 1.03-1.13; p=0.002). However, the area under the receiver
operator characteristic curve for the Thoracoscore was 0.68 (95% CI 0.56-0.80) for predicting
mortality and 0.64 (95% CI 0.59-0.69) for PPCs, indicating limited discriminative ability.

In a logistic regression analysis, another risk model, the European Society Objective Score, was
predictive of mortality (OR 1.43, 95% Cl 1.11-1.83; p=0.006) and PPCs (OR 1.48, 95% CI 1.30-1.68;

p<0.0001).

Therefore, Thoracoscore may have poor discriminative and predictive ability for mortality and

PPCs following elective lung resection.
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for surgery and allow surgeons to provide

accurate information and obtain informed
consent from patients undergoing surgery. Several
risk models and stratification tools have been
developed to measure and evaluate the risk of
death after adult general thoracic surgery [1, 2]. In
the new British Thoracic Society (BTS) guidelines
for the radical management of patients with lung
cancer, much emphasis is placed on informing
patients of the possible risks and letting them
make the final decision regarding surgery [3].

R isk models may aid in making the decision

The new BTS guidelines selection for lung cancer
surgery [3] have incorporated the Thoracoscore
[1], which incorporates age, sex, American Society
of Anaesthesiologists (ASA) score, performance
status, dyspnoea score, priority of surgery, proce-
dure class, diagnosis group and comorbidity score
in order to provide a predicted risk of in-hospital
mortality for individual patients. It was developed
and validated in patients undergoing general
thoracic surgery [1, 4]. However, the discrimina-
tive and predictive ability in this specific group of
lung cancer patients is untested.
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The European Society Objective Score (ESOS),
involving age and post-operative predictive forced
expiratory volume in 1 s (FEV1), was developed to
identify pre-operative risk factors associated with
mortality after lung resection surgery [2]. ESOS
was developed in a population where 83% of cases
had cancer, but it requires external validation
within the lung cancer population.

Post-operative pulmonary complications (PPCs) are
the leading cause of morbidity and mortality follow-
ing lung resection surgery. With an incidence rate of
15%, PPCs have a significant health and economic
impact on patients and healthcare services [5].

Consequences of PPCs may include a prolonged
hospital stay, invasive ventilation or intensive
therapy unit (ITU) admission, all these may be
more important to patients than a small risk of
death. No validated system exists to provide
patients with the risk of this complication.

In this study we aim to test whether the Thora-
coscore and ESOS can accurately predict post-
operative mortality and PPCs after elective lung
resection surgery.

EUROPEAN RESPIRATORY JOURNAL

AFFILIATIONS

*Dept of Thoracic Surgery,
Birmingham Heartlands Hospital,
Heart of England NHS Foundation
Trust, Birmingham, and

#Clinical Trials Unit, University of
Warwick, Coventry, UK.

CORRESPONDENCE

B. Naidu

Dept of Thoracic Surgery,
Birmingham Heartlands Hospital
Heart of England NHS Foundation
Trust

Bordesley Green East
Birmingham

B9 5SS

UK

E-mail: U.B.naidu@warwick.ac.uk

Received:

Dec 12 2011

Accepted after revision:
Feb 28 2012

First published online:
April 10 2012

European Respiratory Journal
Print ISSN 0903-1936
Online ISSN 1399-3003



A. BRADLEY ET AL.

METHODS

In this prospective observational study, patients who under-
went consecutive thoracotomy and lung resection between
October 2007 and October 2010 at a large UK regional thoracic
centre were observed and selected based on the BTS guidelines
(2001) [6].

All patients were managed daily by a specialised thoracic team
comprising of a senior thoracic surgeon and junior doctors. All
patients received a daily physiotherapy programme from the
first post-operative day which included sitting out of bed, early
mobilisation and progressive exercise, deep breathing exer-
cises and assisted coughing. The physiotherapy regimen and
frequency was escalated in any patient thought to require more
assistance with airway clearance. The Melbourne Group Scale
was used to assess PPCs and was recorded daily by an
experienced physiotherapist (table 1) [5, 7].

Data collected included demographic information, diagnosis,
surgery type, smoking and alcohol intake, ASA score, perfor-
mance status and breathlessness score, pre-operative self-
reported exercise capacity, pre-operative FEV1, post-operative
predicted FEV1, comorbidities, length of in-hospital and high-
dependency unit stay, ITU admission and mortality.

Statistical methods

Results are expressed in percentage for categorical variables,
and median (interquartile range (IQR)) and full range for non-
normally distributed continuous variables.

Univariate analyses using Pearson’s Chi-squared test or Fisher’s
exact test, where appropriate, were performed for categorical
factors and a Wilcoxon rank sum test was performed for
continuous factors to assess their relationship with mortality or
PPCs.

The performance of the scores in predicting mortality and
PPCs were investigated by fitting a logistic regression model.
The models were validated by assessing the model calibration
using the Hosmer and Lemeshow goodness of fit test and
model discrimination using the area under a receiver operator
characteristic (ROC) curve and associated 95% confidence
intervals [8]. R?> measure of goodness of fit was used as a
measure of predictive ability.

8= Melbourne Group Scale

Variables

Chest radiograph atelectasis/infiltration

Purulent sputum

Physician diagnosis of pneumonia/chest infection

Temperature >38°C

Oxygen saturation <90% on air

Positive signs on sputum microbiology

White blood cell count >11 x 10° cells-L™

Readmission/prolonged stay in the intensive therapy unit/high dependency unit

Reproduced with modification from [5] with permission from the publisher.
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A stepwise multivariate logistic regression analysis was
performed to identify the independent predictors of PPCs
within this dataset. A complete case analysis was considered the
primary analysis as physical activity was the only incomplete
variable. A sensitivity analysis was performed to assess the
impact of the missing data on the conclusions of the multivariate
logistic regression. Multiple imputations were carried out using
an ordinal logistic regression model for a monotone missing-
ness, including all characteristic variables and scores and
outcome variables [8]. Estimates from fitting a logistic regres-
sion model to predict the PPC in each imputed dataset were
combined using the rules of RUBIN [9]. All analyses were
performed using the SAS statistical package (version 9.2; SAS
Institute Inc., Cary, NC, USA).

RESULTS

A total of 703 patients who underwent surgery in a single
institution were analysed. The median (IQR) age was 68 (14—
89) yrs and 57% were male. The following procedures were
performed: lobectomies (n=385, 55%), wedge excisions (n=158,
22%), pneumonectomies (n=67, 10%), segmentectomies (n=42,
6%), explorations (n=31, 4%) and sleeve resections (n=20, 3%).
641 (91%) patients underwent surgery for primary lung cancer.
The median (IQR) FEV1 was 2.00 (0.40-4.65) and FVC was 3.09
(0.48-6.05). Patients” characteristics are presented in table 2.

There were 16 (2%) in-hospital deaths and all but two were
secondary to pulmonary complications. A total of 128 (18%)
patients experienced PPCs and had a longer length of stay (11
(8-23) days) compared to patients who did not develop a PPC
(5 (4-7) days). Patients who developed a PPC also had a higher
rate of ITU admission: 14% versus 2%.

The median (IQR) predicted in-hospital mortality based on the
Thoracoscore for those patients who died was 4.1 (2.3-5.7)%
and for the remaining patients was 2.3 (1.3—-4.1)%. The predicted
risk of mortality from the Thoracoscore was considerably
higher than the observed mortality within each Thoracoscore
risk group (table 3). The Thoracoscore was not a significant
predictor of mortality in a logistic regression analysis (OR 1.07,
95% CI10.99-1.17; p=0.11). The area under the ROC curve for the
Thoracoscore in this population was 0.68 (95% CI 0.56-0.80) for
predicting mortality, indicating limited discriminative ability.
The Hosmer and Lemeshow goodness of fit test was not
statistically significant (Chi-squared=11.32, degrees of freedom
(df)=8, p=0.18), suggesting there may be adequate calibration
but the R* measure of goodness of fit of 0.0028 indicates poor
predictive ability. The predicted risk of mortality increases with
increasing Thoracoscore risk group (table). The factors showing
disparity between the patients who died and those who were
alive were sex (p=0.003), chronic obstructive pulmonary disease
(COPD) (p=0.03) and type of operation (p=0.06) (table 2). The
number of events was too small to perform a reliable multi-
variate analysis.

The median (IQR) predicted mortality rate based on the
Thoracoscore was higher for those patients who had a PPC (3.2
(2.0-4.8)%) than for patients without PPCs (2.3 (1.2-4.1)%). The
Thoracoscore was a significant predictor of PPCs in a logistic
regression analysis (OR 1.08, 95% CI 1.03-1.13; p=0.002).
However, the area under the ROC curve for the Thoracoscore
in this population was 0.64 (95% CI 0.59-0.69) for predicting
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ay-\:{8=F 8 Frequency of mortality by patient characteristics

Characteristic Total Mortality p-value
Yes No
Subjects n 703 16 (2) 687 (98)
Age yrs
<55 126 (18) 2@ 124 (98) 0.39
55-65 177 (25) 2(1) 175 (99)
>65 400 (57) 12 (3) 388 (97)
Sex
Male 401 (57) 1(1) 301 (99) 0.003
Female 302 (43) 15 (4) 386 (96)
BMI kg-m2 26.0 (23.4-29) 26.0 (23.5-29.2) 24.5 (21.5-26.4) 0.02
ASA score
1or2 293 (42) 72 286 (98) 0.87
3or4 410 (58) 92 401 (98)
Performance status
2 659 (94) 15 (2) 644 (98) >0.99
8 44 (6) 12 43 (98)
Dyspnoea score
2 600 (85) 14 (2) 586 (98) >0.99
3 103 (15) 2@ 101 (98)
Operation
Other 636 (90) 12 (2) 624 (98) 0.06
Pneumonectomy 67 (10) 4 (6) 63 (94)
Lung cancer
No 63 (9) 0 63 (100) 0.38
Yes 640 (91) 16 (3) 624 (97)
Comorbidity
0 18 (3) 0 18 (100) 0.21
1-2 352 (50) 5(1) 347 (99)
>3 333 (47) 11 (3) 322 (97)
Creatinine group >2 mg-dL™
Low 639 (91) 14 (2) 625 (98) 0.65
High 64 (9) 2 (3) 62 (97)
Diabetes
No 616 (88) 14 (2) 602 (98) >0.99
Yes 87 (12) 2 (2 85 (98)
Cholesterol
No 686 (98) 16 (2) 670 (98) >0.99
Yes 17 (2) 0 17 (100)
Hypertension
No 453 (64) 12 (3) 441 (97) 0.37
Yes 250 (36) 4 (2) 246 (98)
Peripheral vascular
disease
No 689 (98) 15 (2) 674 (98) 0.28
Yes 14 (2) 1(7) 13 (93)
Cerebrovascular
accident
No 685 (91) 15 (2) 670 (98) 0.34
Yes 18 (9) 1 (6) 17 (94)
Alcohol
No 702 (99) 16 (2) 686 (98) >0.99
Yes 1(1) 0 1 (100)
Smoking
No 420 (60) 6 (1) 414 (99) 0.07
Yes 283 (40) 10 (4) 273 (96)
COPD
No 538 (77) 8 (1) 530 (99) 0.03
Yes 165 (23) 8 (5) 157 (95)
Physical activity
<25m 34 (7) 1(3) 33 (97) 0.80
100 m 45 (9) 1) 44 (98)
400 m 86 (16) 4 (5) 82 (95)
2 km 135 (26) 4(3) 131 (97)
>2 km 221 (42) 5 216 (98)

Data are presented as n (%) or median (interquartile range), unless otherwise stated. BMI:
body mass index; ASA: American Society of Anesthesiologists; COPD: chronic obstructive
pulmonary disease.
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PPCs, indicating unsatisfactory discriminative ability. The
Hosmer and Lemeshow goodness of fit test was statistically
significant (Chi-squared=17.78, df=8, p=0.02), suggesting
poor calibration and an R® measure of goodness of fit of
0.013 indicates relative poor predictive ability. The predicted
risk of PPCs from the logistic regression analysis is higher in
the high-risk group based on the Thoracoscore (table 4).

The median (IQR) predicted in-hospital mortality based on the
ESOS score for those patients who died was 3.4 (2.6-4.2)% and
for the remaining patients was 1.9 (1.2-3.1)%. The predicted risk
of mortality is similar to the observed mortality and was highest
for the patients in the high-risk group based on the ESOS score
(table 3). The ESOS score was predictive of mortality in a logistic
regression analysis (OR 1.43, 95% CI 1.11-1.83; p=0.006). It had
good discriminative ability (area under the ROC curve 0.73, 95%
CI 0.62-0.85) and adequate calibration (Hosmer and Lemeshow
goodness of fit test Chi-squared=38.37, df=8, p=0.40), but poor
predictive ability (R*=0.009).

The median predictive mortality rate based on the ESOS score
for those patients who had a PPC was 3.1 (7—4.0)% and for the
patients without a PPC was 1.8 (1.1-2.2)%. The ESOS score was
a significant predictor of PPCs in a logistic regression analysis
(OR 1.48, 95% CI 1.30-1.68; p<<0.0001). However, it had limited
discriminative ability (area under the ROC curve 0.68, 95% CI
0.63-0.73), poor calibration (Hosmer and Lemeshow goodness
of fit test Chi-squared=15.75, df=8, p=0.05) and limited
predictive ability (R*=0.05). The predicted risk of PPCs from
the logistic regression analysis is higher in the ESOS high-risk
group than the other risk groups but differed from the
observed PPC rates (table 3).

Univariate analysis of factors in patients with PPCs compared
with those without PPCs are shown in table 5. Fitting a stepwise
multivariate logistic regression identified that having COPD
(p<<0.0001), an ASA score of 3 or 4 (p=0.002), a dyspnoea score of
3 (p=0.004), high creatinine levels (>2 mg-dL""; p=0.002) and
smoking (p=0.02) as the most important independent factors for
predicting PPCs in this dataset (table 6). The area under the ROC
curve was 0.74 (95% CI 0.69-0.79), suggesting good discrimina-
tory ability. The Hosmer and Lemeshow goodness of fit test was
not statistically significant (Chi-squared=3.37, df=6, p=0.76),
indicating good calibration and an R? of 0.11 indicates reasonable
predictive ability. Physical activity was not significant after
fitting COPD, ASA, creatinine and dyspnoea into the model.
Sensitivity analysis was performed to assess the impact of the
missing physical activity data on the logistic regression model
and results were such that after multiple imputation physical
activity was not an independent predictor of PPCs.

DISCUSSION

Thoracoscore is a model with good accuracy to predict in-
hospital and mid-term mortality after all types of general
thoracic surgery [1, 4]. The new BTS guidelines have incorpo-
rated Thoracoscore into the selection for elective surgery for
lung cancer [3]. Its applicability in this situation is uncertain. For
example, it bundles together a minimally invasive keyhole
procedure (removing <1% of lung function) with the same risk
as a bilobectomy open surgery (removing one-third of lung
function). Similarly the number of patients with poor perfor-
mance status and/or breathlessness who would be selected for

EUROPEAN RESPIRATORY JOURNAL
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1) \:{B< 8 Observed and predictive mortality using the Thoracoscore and the European Society Objective Score (ESOS) by risk

group

Total Observed mortality Predicted mortality
Yes No
Thoracoscore risk group
<1% 125 (18) 11 124 (99) 0.5 (0.4-0.8)
1-<3% 318 (45) 4 (1) 314 (99) 1.9 (1.56-2.3)
3-<7% 174 (25) 7 (4) 167 (96) 4.1 (3.5-4.1)
>7% 86 (12) 4 (5) 82 (95) 10.2 (8.7-12.5)
ESOS risk group
<1.7% 289 (41) (1) 288 (99) 1.0 (0.7-1.4)
1.7-<2.5% 147 (21) 32 144 (98) 2.0 (1.8-2.2)
>25% 267 (38) 12 (4) 255 (96) 3.5 (3.0-4.2)
Total 703 16 (2) 687 (98)

Data are presented as n (%), median (interquartile range) or n.

elective lung resection is very small, but these are important
factors defining risk in the original cohort. In this study,
Thoracoscore has limited discriminative and poor predictive
ability for mortality following elective lung resection. There is a
trend for Thoracoscore to underestimate risk in low-risk cases
and overestimate risk in high-risk cases.

The ESOS score is a model developed to identify pre-operative
risk factors associated with mortality after lung resection
surgery [2]. The score is defined by age and post-operative
predictive FEV1. Interestingly this factor was not a significant
risk factor but the authors chose to use this measure as it could
be clearly defined. It is difficult to define how well the objective
model performed in the defining cohort because no solid data is
presented on this in the original publication. The ESOS, in

17:\:{B %8 Observed and predictive post-operative
pulmonary complications (PPCs) by
Thoracoscore and European Society Objective
Score (ESOS) risk groups

Total PPCs Predicted PPCs
Yes No
Thoracoscore risk
group
<1% 125 (18) 10 (8) 115 (92) 14.98 (14.84-15.26)
1-3% 318 (45) 53 (17) 265 (83) 16.32 (15.92-16.66)
3-7% 174 (25) 40 (23) 134 (77) 1857 (17.93-18.57)
=>7% 86 (12) 25 (29) 61 (71)  26.29 (24.31-29.74)
ESOS risk group
<1.7% 289 (41) 31 (11) 258 (89)  11.09 (9.73-12.45)
1.7-<2.5% 147 (21) 18(12) 129 (88) 15.49 (14.55-16.78)
>25% 267 (38) 79 (30) 188 (70)  24.33 (21.03-30.20)
Total 703 128 (18) 575 (82)

Data are presented as n (%), median (interquartile range) or n.
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contrast to Thoracoscore, in our population was a more
significant predictor of mortality and had better discriminative,
but still poor, predictive ability.

The variation of expected and observed mortality in both ESOS
and Thoracoscore might not be considered relevant clinically.
This raises the issue of the importance to the patient of such
defined mortality values. These numbers might be of use in
research and outcome assessment, but quoting a range of risk to
patients might be more appropriate and easier to comprehend.

The risk of in-hospital mortality is a rare occurrence; perhaps
what is of more relevance to patients is the development of more
common complications such as PPCs. Both the Thoracoscore
and ESOS had limited discriminative and predictive ability and
poor calibration, providing predictions for PPC that were too
low following elective lung resection. At first glance, observed
PPC rates appear misleadingly similar to rates predicted using
the Thoracoscore or ESOS. However, the patients who actually
develop PPCs are not the ones predicted to do so by these
scores. The poor model performance of these scores may be a
consequence of their development for predicting mortality and
not PPCs.

Factors identified as independently associated with a risk of
developing PPCs were COPD, ASA, smoking, high dyspnoea
score and pre-operative blood creatinine. Pre-operative self-
reported exercise capacity (unavailable in 26%) was found not to
be a significant predictor of PPCs once other factors were
included in the multivariate logistic regression model sensitivity
analysis. Using these significant factors in a regression model
resulted in good predictive and discriminatory ability. PPCs are
associated with patient morbidity and prolonged length of
hospital stay. Thus, a predictive model that could identify those
at high risk of PPCs would help to target preventative strategies,
such as pre-operative rehabilitation.

By the time a scoring system finds its way into clinical practice
it can already be out of date. A revised Thoracoscore
(EPITHOR) for predicting in-hospital mortality specifically in
cancer patients has been developed [10] since the publication
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1)-\:1BS Univariate analyses of post-operative pulmonary
complications (PPCs) by patient characteristics

Characteristic PPCs p-value
Yes No

Subjects n 128 (18) 575 (82)

Age yrs
<55 13 (10) 113 (90) 0.0002
55-65 21 (12) 156 (88)
>65 94 (24) 306 (76)

Sex
Male 49 (16) 253 (84) 0.24
Female 79 (20) 322 (80)

BMI kg-m'2 26.0 (23.4-29.0) 26.0 (23.9-29.5) 0.82

ASA score
1or2 31 (11) 262 (89) <0.0001
3or4 97 (24) 313 (76)

Performance status
2 116 (18) 543 (82) 0.11
3 12 (27) 32 (73)

Dyspnoea score
2 93 (15) 507 (85) <0.0001
3 35 (34) 68 (66)

Operation
Other 123 (19) 513 (81) 0.06
Pneumonectomy 5(7) 62 (93)

Lung cancer
No 9 (14) 54 (86) 0.38
Yes 119 (19) 521 (81)

Comorbidity
0 1 (6) 17 (94) <0.0001
1-2 39 (11) 313 (89)
>3 88 (26) 245 (74)

Creatinine group
Low 105 (16) 534 (84) 0.0001
Igh 23 (36) 41 (64)

Diabetes
No 113 (18) 503 (82) 0.80
Yes 15 (17) 72 (83)

Cholesterol
No 127 (19) 559 (81) 0.34
Yes 1(6) 16 (94)

Hypertension
No 79 (17) 374 (83) 0.48
Yes 49 (20) 201 (80)

Peripheral vascular disease
No 124 (18) 565 (82) 0.31
Yes 4 (29) 10 (71)

Cerebrovascular accident
No 123 (18) 562 (82) 0.29
Yes 5 (28) 13 (72)

Alcohol
No 128 (18) 574 (82) >0.99
Yes 0 1 (100)

Smoking
No 61 (15) 359 (85) 0.002
Yes 7 (24) 216 (76)

COPD
No 66 (12) 472 (88) <0.0001
Yes 62 (38) 103 (62)

Physical activity
<25m 9 (26) 25 (74) <0.0001
100 m 19 (42) 26 (58)
400 m 22 (26) 64 (74)
2 km 24 (18) 111 (82)
>2 km 25 (11) 196 (89)

Data are presented as n (%) or median (interquartile range), unless otherwise stated. BMI:
body mass index; ASA: American Society of Anesthesiologists; COPD: chronic obstructive

pulmonary disease.
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a):\=18 508 Results of multivariate logistic regression
analysis for predicting post-operative pulmonary
complications

Variable Estimate (SE) p-value OR (95% CI)

Intercept -5.51 (0.59)

COPD 1.22 (0.22) <0.0001 3.38 (2.21-5.18)

ASA 0.71 (0.24) 0.002 2.04 (1.29-3.24)

Dyspnoea score 0.74 (0.26) 0.004 2.10 (1.27-3.46)

Creatinine 0.95 (0.31) 0.002 2.58 (1.41-4.73)

Smoking 0.51 (0.21) 0.02 1.67 (1.10-2.53)

COPD: chronic obstructive pulmonary disease; ASA: American Society of
Anaesthesiologists.

of the new BTS guidelines and the development of our study.
The EPITHOR score was not a significant predictor of
mortality (OR 1.23, 95% CI 0.90-1.68; p=0.19) and had poor
discriminative ability (area under the ROC curve 0.61, 95% CI
0.46-0.76) in our cohort of patients.

In addition, the ESOS has also been updated [11]. The European
Society for Thoracic Surgery mortality score was more pre-
dictive of mortality (OR 2.33, 95% CI 1.24-4.37; p=0.008) than
the ESOS score but the discriminative ability was slightly worse
(area under the ROC curve 0.68, 95% CI 0.54-0.82). Therefore, a
large national study is required to corroborate the findings from
this study, and provide a validation of these new scores and a
comparison of all scores in order to be able to inform and update
the BTS guidelines.

In the new BTS guidelines much empbhasis is placed on putting
the risk of mortality to the patients to help them decide on
surgery. By using a scoring system that inaccurately assesses
mortality and morbidity are we unknowingly misleading
patients rather than improving consent?
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