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ABSTRACT

Objective: To validate the Thoracoscore, a scoring system designed to predict 30-day mortality in patients undergoing thoracic
surgery in the Turkish population.

Study Design: Observational study.

Place and Duration of the Study: Department of Thoracic Surgery, Ondokuz Mayis University, Medical School, from January 2015
to June 2022.

Methodology: Patients who underwent thoracic surgery under general anaesthesia were evaluated. Thoracoscore was calculated
using the online calculator located at https://www.samiuc.es/thoracoscore-thoracic-surgery-scoring-system/. Using the area under
the ROC curve (AUC), the sensitivity and specificity of the Thoracoscore in predicting morbidity and mortality were assessed.
Results: The study included 745 patients (67.5% males and 32.5% females) with a mean age of 57.23+14.68 years. Nearly all of
the patients underwent elective surgery (99.5%). In 56.9% of cases, the indication for thoracic surgery was malignancy. The 30-day
and 90-day mortality rates of patients included in the study were 1.9% and 4.8%, respectively. The mean Thoracoscore was calcu-
lated to be -4.79+2.2 (Range: -7.37 to 7.37). In predicting morbidity, Thoracoscore had a sensitivity of 60.83% and a specificity of
73.12%. The sensitivity and specificity of Thoracoscore for predicting 30-day and 90-day mortality were calculated as being 85.7%
and 68.7% for 30-day and 69.4% and 67.0% for 90-day, respectively.

Conclusion: Although Thoracoscore's AUC had sufficient discrimination capacity, its sensitivity and specificity was found to be
limited. In order to fully comprehend its limitations and accuracy, the authors believe that multicentric studies involving a greater
number of patients and a control group of equal size are necessary.
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INTRODUCTION

The decisions regarding a patient's preoperative evaluation
andsurgery are made after consideration of a variety of factors.
The potential risks and benefits must be weighed together when
deciding whether to operate or not. While the risk is generally
estimated based on the results of the published surgical series
and algorithms, if available, the risk is also determined by the
surgeon's personal experience."? Patients undergoing thoracic
surgery are classified according to their risk of postoperative
complications ormortality using a variety of scoring models that
have been developed for this purpose. The European Society
Objective Score (ES0S.01), the EuroLungl, the EuroLung2, and
theThoracoscore are afew of the available scoring models used
inthoracicsurgery.”*
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Thoracoscore is a scoring system developed by Falcoz et al. in
2007 to predict 30-day mortality in patients following general
thoracic surgery.” Thoracoscore has been used in studies
outside of France, and the methodology's suitability has been
confirmed.® With C-indices of 0.85 for the training set and 0.86
forthetestset, the model has been demonstratedto bereliable
and accurate. The correlation between the predicted and
actual number of fatalities is 0.99.°® The scale has been inte-
gratedintothe British Thoracic Society and National Institute of
Health and Clinical Excellence guidelines.”™

Duetoalterationsin population characteristics, surgical indica-
tions and techniques, the predictive accuracy of scoring
models for morbidity and mortality may deteriorate over time.
The outdated use of these models may resultin an overestima-
tion or underestimation of the surgical risk of the patient.
Loucou et al. revised and validated the Thoracoscore in 2020,
improving its performance and calibration and making it more
suitable for use in the current clinical practice."* With these
modifications, Thoracoscore is now easily applied at the
bedside and as a standard component of the medical history
and physical examination. In addition, the Thoracoscore has
become useful for comparing actual mortality to expected
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mortality and monitoring the early outcomes in surgical inter-
vention.'***

Thoracoscore has been translated into multiple languages to
assess the preoperative mortality risk of patients undergoing
thoracic surgery in diverse populations and cultures.”’
However, the authors did not find any validation of Thoracos-
core for the Turkish population in the literature. This study
aimedtovalidatethe Thoracoscoreforthe Turkish population.

METHODOLOGY

The study included 745 patients who underwent surgery under
general anaesthesia for mediastinal, pleural, chest wall, eso-
phageal, or lung diseases at Department of Thoracic Surgery,
Ondokuz Mayis University, Medical School, Samsun, Turkey,
between 1* January 2015 and 30" June 2022. The study only
included the patients whose data could be accessed from the
hospital database.

Thecriteriaforexclusionwas being aged either <18yearsor>85
years, patients undergoing cardiac surgery, patients with
thoracic trauma or those undergoing orthopaedic surgery,
patients with intraoperative mortality, and those with missing
data.

Age, gender, American Society of Anesthesiologists (ASA) clas-
sification, performance status, dyspnea score, the priority of
surgery, class of the procedure, diagnosis group, and comorbidi-
ties score were used to calculate the Thoracoscore. Hospital
mortality, morbidity, and length of stay (LOS) were also
recorded. With the aid of an online Thoracoscore calculator
(http://www.samiuc.es/thoracoscore-thoracic-surgery-scoring-
system/), the predicted mortality and Thoracoscore were calcu-
lated.

The sample size analysis using 95% confidence (1-a), 95% test
power (1-B), sensitivity of 0.89, and specificity of 0.79 revealed a
minimum number of samples required for the study to be 500.
The datawereanalysed using IBM SPSSV23. The cut-off value for
predictingmorbidity, 30-dayand 90-day mortality withthe Thora-
coscore was determined by ROC analysis. The area under the
receiver operating characteristic curve (AUC) was utilised for
model discrimination. AUC >0.7 indicated a good capacity and
AUC >0.8 indicated a strong capacity for discrimination. The risk
factorsfor 30-day and 90-day mortality as well as morbidity were
analysed using binary logistic regression. For quantitative data,
the results were presented as mean * standard deviation and
median (minimum - maximum). On the other hand, the categor-
ical data was presented as frequency (percent). The significance
threshold wassetatp<0.050.

RESULTS

Data of 786 patients who underwent thoracic surgery during the
study period were evaluated. Forty-one patients were excluded
due to lack of data, leaving 745 patients for analysis. Of these
patients, 67.5% were males and 32.5% were females, with an
average age of 57.23+14.68 years. Surgeries were elective in
99.5% of the patients and 56.9% had a diagnosis of malignancy.

The patients had a median performance score of 1 (0-3), a
median dyspnea score of 1 (0-3), and a median hospital stay of
5.55+4.74 days. The overall morbidity rate was 16.1%, while the
30-day and 90-day mortality rates were 1.9% and 4.8%, respec-
tively. The average Thoracoscore was-4.79+2.2 (range:-7.37 to
7.37, Tablel).

Thoracoscore was found to predict morbidity (AUC: 0.707,
p<0.001). The sensitivity and specificity at a cut-off value of
-4.168 was 60.83% and 73.1%, respectively. Furthermore, the
Thoracoscore successfully predicted 30-day mortality (AUC:
0.784, p<0.001). Using a cut-off value of -4.168, the sensitivity
andspecificity werecalculatedtobe85.71%and 68.67%, respec-
tively. The Thoracoscore also successfully predicted 90-day
mortality (AUC: 0.784, p<0.001). With a cut-off value of -4.379,
the sensitivity was 69.44% and the specificity was 67.0%
(Figure 1).
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Figure 1: ROC curve for Thoracoscore in predicting (A) morbidity, (B) 30-
day mortality, (C) 90-day mortality.

The univariate analysis revealed that age, gender, ASA status,
performance score, dyspnea score, surgery priority, diagnosis
group, comorbidity score, length of hospital stay, and Thoracos-
core were significant predictors of morbidity. In multivariate anal-
ysis, significant predictors of morbidity were found to be severity
of dyspnea and length of stay. The authors found that as length of
thestayincreases, morbidity riskmultiplies by 1.873-fold. Further-
more, as dyspnea score increases, morbidity risk multiplies by
4.916-fold (Tablell).

According to univariate analysis, age, performance score,
dyspnea score, morbidity, and length of stay were significant in
estimating 30-day mortality; however, according to multivariate
analysis, only dyspnea score and morbidity status were signifi-
cant. Consequently, as the dyspnea score increased, the risk of
30-day mortality increased 5.789-fold, while the risk of 30-day
mortality increased 79.931-fold in the presence of morbidity.
Moreover, according to the multivariate analysis, the longer the
hospital stay, the lower the 30-day mortality risk (OR=0.876;
p=0.044,Tablelll).
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Table I: Comparison of the data of previous studies with the present study.

Falcoz et al. Loucou et al. Present data
(n=10122), n (%) (n=56279), n (%) (n=745), n (%)
Age
<55 4541 (44.9) 17979 (31.9) 168 (22.6)
55-65 2342 (23.1) 16305 (29) 256 (34.4)
>65 3239 (32) 21995 (39.1) 321 (43)
Gender
Male 6932 (68.5) 35631 (63.3) 503 (67.5)
Female 3190 (31.5) 20648 (36.7) 242 (32.5)
ASA
<2 6879 (71.5) 38318 (68.1) 651 (87.3)
=3 2738 (28.5) 17961 (31.9) 94 (12.7)
Performance status
<2 7815 (82) 53611 (95.3) 721 (96.7)
=3 1722 (18) 2668 (4.7) 24 (3.3)
Dyspnea score
<2 9054 (89.5) 50607 (89.9) 679 (91.1)
=3 1068 (10.5) 5672 (10.1) 66 (8.85)
Priority of surgery
Emergency 1582 (15.6) 9495 (16.9) 4(0.5)
Elective 8540 (84.4) 46784 (83.1) 741 (99.5)
Procedure
Mediastinoscopy or 2642 (26.1) 19622 (34.9) 133 (17.9)
mediastinal surgery
Wedge resection 4389 (43.4) 11397 (20.2) 149 (20.0)
Lobectomy or Bilobectomy 2484 (24.5) 17650 (31.4) 231 (31.0)
Pneumonectomy 607 (6) 1783 (3.2) 19 (2.5)
Diagnosis group
Benign 4339 (42.9) 21496 (38.2) 321 (43.1)
Malignant 5783 (57.1) 34783 (61.8) 424 (56.9)
Surgical approach
Thoracotomy 6357 (62.8) 20841 (37) 260 (34.9)
VATS 1792 (17.7) 26504 (47.1) 302 (40.5)
Cervicotomy or other 1973 (19.5) 8934 (15.9) 154 (20.7)
Comorbidities
None 3333 (32.9) 26421 (47) 153 (20.5)
1-2 4852 (47.9) 19432 (34.5) 427 (57.3)
=3 1937 (19.2) 10426 (18.5) 165 (22.2)
In-hospital mortality
No 9904 (98) 55377 (98) 731 (98.1)
Yes 218 (2) 902 (2) 14 (1.9)
Table II: Examination of risk factors affecting morbidity with binary logistic regression analysis.
Univariate Multivariate
OR (95% ClI) p OR (95% CI) p
Age 1.032 (1.015 - 1.049) <0.001 1.004 (0.967 - 1.043) 0.815
Gender (Reference: male) 0.154 (0.079 - 0.3) <0.001 0.555 (0.209 - 1.477) 0.239
ASA (Reference: 1)
2 8.485 (4.058 - 17.742) <0.001 1.008 (0.29 - 3.507) 0.989
3 42.625 (13.482 - 134.769) <0.001 0.75 (0.068 - 8.255) 0.814
Performance status 4.974 (3.433 - 7.207) <0.001 1.221 (0.576 - 2.591) 0.603
Dyspnea score 9.386 (6.321 - 13.937) <0.001 4.916 (2.381 - 10.152) <0.001
Priority of surgery 16 (1.65 - 155.145) 0.017 2.19 (0.067 - 71.092) 0.659
(Reference: Elective)
Diagnosis group 3.232 (2.037 - 5.129) <0.001 0.781 (0.309 - 1.974) 0.601
(Reference: Benign)
Comorbidity score
(Reference: 0)
1 2.865 (1.344 - 6.107) 0.006 2.516 (0.596 - 10.628) 0.209
2 5.11 (2.405 - 10.855) <0.001 2.033(0.447 -9.237) 0.358
3 4.917 (2.196 - 11.008) <0.001 1.401 (0.274 - 7.151) 0.685
4 5.704 (1.819 - 17.88) 0.003 1.328 (0.165 - 10.681) 0.789
5 — —_— — ——
Hospital stay (day) 2.056 (1.805 - 2.341) <0.001 1.873 (1.628 - 2.154) <0.001
Thoracoscore 1.121 (1.043 - 1.204) 0.002 1.044 (0.846 - 1.289) 0.689

OR = 0dds ratio, Cl = Confidence interval.
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Table Ill: Examination of risk factors affecting 30-day and 90-day mortality by binary logistic regression analysis.

30-day Mortality

90-day Mortality

Univariate Multivariate Univariate Multivariate
OR (95% CI) p OR (95% CI) OR (95% CI) p OR (95% CI) p
Age 1.078 0.009 1.067 0.086 1.072 <0.001 1.06 0.006
(1.019 - 1.141) (0.991 - 1.149) (1.035-1.11) (1.017 - 1.105)
Performance status 3.355 0.002 0.561 0.341 2.51 <0.001 1.177 0.674
(1.563 - 7.198) (0.17 - 1.846) (1.51-4.173) (0.551 - 2.511)
Dyspnea score 9.874 <0.001 5.789 0.034 3.247 <0.001 1.846 0.138
(3.663 - 26.618) (1.146 - 29.238) (1.971 - 5.351) (0.821 - 4.152)
Diagnosis group 2.823 0.113 0.407 0.284 3.997 0.002 2.088 0.162
(Reference: Benign) (0.781 - 10.205) (0.078 - 2.112) (1.643 -9.724) (0.745 - 5.856)
Morbidity 75.813 <0.001 79.931 <0.001 5.951 <0.001 0.891 0.029
(Reference: No) (9.816 - 585.54) (7.527 - 848.838) (2.996 - 11.819) (0.804 - 0.988)
Hospital stay (day) 1.082 0.013 0.876 0.044 1.051 0.057 5.87 0.001
(1.017 - 1.151) (0.77 - 0.997) (0.999 - 1.106) (2.076 - 16.597)
Thoracoscore 1.113 0.190 1.107 0.598 1.09 0.138 0.914 0.586
(0.948 - 1.307) (0.758 - 1.619) (0.973 - 1.221) (0.663 - 1.261)

OR = 0Od(ds ratio, Cl = Confidence interval.

According to the univariate analysis, age, gender, ASA status,
performance score, dyspnea score, diagnosis group, and
morbidity were significant in estimating 90-day mortality. In
multivariate analysis, only age, morbidity status, and length of
stay were found to be significant. Consequently, the risk of 90-
day mortality was found to increase 1.06-fold with the
increasing age, 5.87-fold with the increasing length of hospital
stay, and decrease 0.89-fold in the presence of morbidity
(Table 1).

DISCUSSION

In surgery, prediction models are frequently used to support
the decision-making. A robustly developed and validated esti-
mation model facilitates preoperative decision-making and
provides an accurate estimate of the potential surgical risk.
Patients may be incorrectly rejected or accepted for surgery if
the model is inaccurate or incorrectly applied.””" In recent
years, numerous models for predicting the risk of perioperative
mortality after thoracic surgery have been developed. The
British Thoracic Society and the National Institute for Clinical
Excellence both recommend using the Thoracoscore to esti-
mate the risk of perioperative mortality.”*°

Although the Thoracoscore has been demonstrated to have
good internal and external validity, a number of recent studies
have cast doubt on its usefulness because it predicts risk using
only nine variables, with unmeasured variables likely
contributing to uncertainty. Therefore, Loucou et al. revised
and validated the Thoracoscore in 2020, stating that it
required improvement because the original model was obso-
lete and unsuitable for the clinical reality of the present day.
This new risk model's C-index and calibration slope were
robust and more applicable to a clinical practice."

The majority of previous studies, including the original Thora-
coscore, were conducted with a cohort of patients with
cancer.*®*! Malignant disease was present in 56.9% of the
participants in the present study. Likewise, gender, age groups
and procedures were similar to the previous studies. This is
crucial for this study's accuracy and the reliable validation of
its findings for the Turkish society.

Taylor et al. published a meta-analysis of studies describing
risk prediction models designed to predict perioperative
mortality in adult patients undergoing thoracic surgery. The
authors concluded that there is no single model that is unam-
biguously appropriate for use in contemporary practice and
emphasised the need to update these existing models with
contemporary, multicentric studies employing robust statis-
tical methodology.”

Taylor et al. validated six models, including the Eurolung model,
the Brunelli model, the Thoracoscore, and the European Society
Objective Score, for the purpose of estimating short-term
mortality. They concluded that the Eurolung2 model had supe-
rior discrimination and calibration (AUC 0.73, p>0.05 for O:E),
whereas the other models performed poorly. The authors
attributed this to a significant change in the characteristics of
patients undergoing thoracic surgery. In addition to a decrease
in the number of patients undergoing open surgery for early-s-
tage lung cancers, a net increase in parenchymal sparing proce-
dures (such as segmentectomies and sleeve resections) and
minimally invasive surgery rates had been observed, resulting
in a decrease in morbidity and mortality rates. Therefore, the
authors emphasised the urgent need to develop a precise
model applicable to contemporary clinical practice.’

In a study conducted in India, Pathy et al. reported that Thora-
coscore underestimates mortality, has poor calibration, and
fair discriminant ability. The authors stated that Thoracoscore
is not suitable for the Indian population due to the prevalence
of tuberculosis in their country and the fact that the majority of
thoracic surgeries are performed to treat tuberculosis-related
complications.”

Dejan et al. reported good performance of the Thoracoscore in
their clinic and reported that it could be used to predict in-hos-
pital mortality for patients undergoing lung resection. In addi-
tion, they found that advanced age, male gender, and malig-
nant pathology were the most accurate predictors of in-hos-
pital mortality.*

Sharkey et al. analysed the ROC for Thoracoscore and
ESOS.01 and reported an in-hospital mortality C-index of
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0.705%. Although this is statistically significant, it demons-
trates an ability to discriminate that is, at best, acceptable
but by no means excellent. Consequently, it has not been
demonstrated that both Thoracoscore and ESOS.01 are
adequate for predicting in-hospital mortality. Both had a C-
index below 0.75, indicating that they were unreliable predic-
tors of mortality in this patient population. The authors
attributed this improvement in patient outcomes to the use
of minimally invasive surgical techniques and limited
anatomical resections in this population.®

Bradley et al. reported that the AUC value of Thoracoscore
to predict mortality was 0.68 (95% CI: 0.56-0.80), which is
considered an adequate but insufficient capacity for discrimi-
nation. In contrast to Thoracoscore, ESOS was found to be a
more significant predictor of mortality in their study popula-
tion, with poor predictive ability but excellent discrimina-
tion.*

The benefit of this study is that despite being conducted in a
single centre involving a small number of patients, the study
data are reliable because the same surgical team operated
on all patients, and the same team handled postoperative
follow-up. Again, when compared with other studies, it was
found that the number of patients operated for malignancy
and patients who underwent thoracotomy/VATS in the
present study were similar. The mean Thoracoscore value in
this study was found to be -4.79£2.2, with a sensitivity and
specificity of 60.83% and 73.12% for morbidity, respectively.
The sensitivity and specificity of 30-day mortality were
85.71% and 68.67%, respectively, while for 90-day
mortality, they were 69.44% and 67.0% respectively. In light
of these results, the Thoracoscore has an acceptable discrim-
inative power in the patient population included in this
study, but its sensitivity and specificity are limited. Further-
more, according to the multivariate analysis, dyspnea score
and length of hospital stay were significant predictors of
morbidity, with morbidity increased by 4.91-fold for each
unit increase in dyspnea score. The presence of morbidity
was a significant risk factor in predicting 30- and 90-day
mortality. It was found that 30-day mortality increased
79.931 times and 90-day mortality increased 5.87 times in
the presence of morbidity.

The most important limitation of this study was that it was
based on a single-centre and included a small patient popula-
tion. Despite the small number of patients included in the
study, the majority of thoracic surgery procedures were
included. In the future, a study limited to patients who have
undergone lung resection could be conducted.

CONCLUSION

Although the AUC value of the Thoracoscore has acceptable
discriminatory power in the patients included in this study, its
sensitivity and specificity are limited. Therefore, even though
it is safe to say that the Thoracoscore's validity has been

established through this study, additional multicentre studies
with as many patients and control groups as possible are
required to fully comprehend the test's limitations and accu-
racy.
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