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Background: Given the positive effect of a thoracoscopic approach on improving postoperative outcomes,
it is reasonable to speculate whether an increased comorbidity burden is related to higher morbidity
following thoracoscopic lobectomy. We sought to evaluate the impact of comorbidity burden on adverse
postoperative outcomes in this patient population.

Methods: A retrospective review of our institutional database included 512 patients undergoing
thoracoscopic lobectomy for early-stage non-small cell lung cancer (NSCLC) from 2009 through 2016.
Comorbidity burden was assessed by the Charlson comorbidity index (CCI) and classified as high (CCI >3)
or low (CCI <3) grade. Propensity score matching and random effects model were performed.

Results: Patients included 228 women and 284 men with a median age of 67 years. High and low
comorbidity burdens were found in 193 and 319 patients, respectively. The postoperative mortality,
pulmonary and cardiovascular complication rates and overall morbidity in patients with high comorbidity
burden were comparable to those with low comorbidity burden (1.6% vs. 0.6%, 9.3% vs. 8.5%, 6.2% uvs.
6.0%, 24.4% vs. 22.9%, respectively). Similar results were seen after propensity score matching, which
balanced differences in demographics and preoperative characteristics between the comorbidity groups. On
the analyses of propensity-matched data using generalized linear mixed model, a high comorbidity burden
was not related to greater postoperative complication rates.

Conclusions: Our results suggest that thoracoscopic lobectomy can be performed with low mortality and
reasonable morbidity in lung cancer patients presenting with multiple comorbid diseases. The presence of
a high comorbidity burden measured by CCI does not have a perceptible impact on adverse postoperative

outcomes following thoracoscopic lobectomy.
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Introduction

As the population ages, the proportion of lung cancer
patients with multiple comorbidities is rising (1). While
some major comorbid diseases, such as cardiopulmonary
and renal diseases, pose higher risks of mortality and
morbidity following major lung resection, the impact of
overall comorbidity burden on postoperative outcomes
has not been thoroughly examined (2-4). So far, Charlson
comorbidity index (CCI) is the most widely used method
of assessing a patient’s overall comorbidity burden in
clinical research (5). Systematic reviews of published data
demonstrated that controversy still exists regarding the
relationship of higher comorbidity burden measured by
CCI with nonfatal complications after major lung resection,
though unequivocal data indicate it as a predictor of
postoperative mortality (see the protocol of literature review
in the supplementary Appendix 1) (6-10).

Thoracoscopic lobectomy has been introduced in the
early 1990s and increasingly adopted since 2005 (11).
Currently, it is the preferred surgical approach for
treatment of early stage non-small cell lung cancer
(NSCLC). Owing to less trauma to the chest wall and better
preservation of lung function in the initial postoperative
period, thoracoscopic lobectomy is associated with reduced
postoperative mortality and morbidity, particularly in
high-risk patients (12,13). In patients with an increased
comorbidity burden, thoracoscopic lobectomy has been
found feasible and safe in some early case series (14).
Given the positive effect of a thoracoscopic approach on
improving postoperative outcomes, the question has arisen
as to whether the magnitude and impact of an increased
comorbidity burden may be different comparing open and
minimally invasive approaches to lobectomy.

We therefore decided to review our institutional
database on thoracoscopic major lung resection and assess
the comorbidity burden of individual patients through the
CCI. The purpose of the present study was to evaluate
the relationship of an increased comorbidity burden to
complications after thoracoscopic lobectomy.

Methods

A retrospective study was performed using our institutional
database on thoracoscopic major lung resections including
retrospective data from 2009 to 2014 and prospective
data thereafter. From 2009 through 2016, 609 patients
underwent thoracoscopic lobectomy or segmentectomy
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in our institution. Of those, 512 patients with early stage
NSCLC were included in the present study. Excluded
were 97 patients operated on for benign disease or
pulmonary metastases. This study was approved by the local
Institutional Review Board (ID: 019/2016BO2), and specific
patient consent was waived.

The overall comorbidity burden was assessed using
CCI, which was developed in 1987 and originally included
19 medical conditions exerting substantial impact on
survival (1). In the current study, we used the revised
version of CCI encompassing 23 medical conditions
(Tuble 1) (15). Compared with the original version, the
updated version was found to better predict health outcomes
in previous analyses of data from national population
health surveys (16). Because lung cancer patients involved
in the present study underwent thoracoscopic lobectomies
and segmentectomies with curative intent, lung cancer
was not scored as malignancy in accordance with previous
reports (17). Additionally, a modification was made to score
coronary artery disease and myocardial infarction together
with a value of 1. Based on the CCI score, the severity of
comorbidity burden is usually classified into three grades:
mild (CCI score 1-2), moderate (CCI score 3-4) and
severe (CCI score >5) (18). Accordingly, we considered the
comorbidity burden as high grade if CCI score was equal or
greater than 3 and low grade if CCI score was less than 3.

All patients underwent computed tomography, positron
emission tomography, and brain magnetic resonance
imaging for clinical staging. Those patients with
suspected mediastinal nodal metastases were submitted to
endobronchial ultrasound guided fine needle aspiration
or cervical mediastinoscopy. Lung cancer staging was
performed according to the American Joint Committee on
Cancer 7th edition manual. Pathologic stage was reported
based on the final histopathologic findings after lung
resection and systematic mediastinal lymph node dissection.

Physiologic evaluation was undertaken in all patients
prior to surgery. Performance status was considered as
marginal or poor when Eastern Cooperative Oncology
Group scale (ECOG) was equal or higher than 2.
Predicted postoperative value of forced expiratory volume
in the first second expressed as a percent predicted
and of diffusing capacity of lung expressed as a percent
predicted (ppoFEV1%, ppoDLCO%) were calculated
using the functional segment technique (19). Patients with
preoperative lung function testing demonstrating impaired
pulmonary function (ppoFEV1% or ppoDLCO% <40)
were submitted to stair climb test or cardiopulmonary
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Table 1 Charlson comorbidity index and prevalence of comorbid
conditions of all patients (n=512)

Score Condition Number of patients (%)

1 Coronary artery disease/ 81 (15.8)
myocardial infarction
Congestive heart failure 50 (9.8)
COPD/Asthma 167 (32.6)
Hypertension 278 (54.3)
Peripheral vascular disease 56 (10.9)
Mild liver disease 8(1.6)
Cerebrovascular disease 51 (10.0)
Connective tissue disease 9(1.8)
Diabetes without end organ 73 (14.3)
damage
Dementia 0
Depression 18 (3.5)
Ulcer disease 26 (5.1)
Takes warfarin 32 (6.3)
2 Hemiplegia 2 (0.4)
Moderate to severe renal 16 (3.1)
disease
Diabetes with end organ 2(0.4)
damage
Any prior tumor (within 5 years 73 (14.3)
at the diagnosis)
Skin ulcers/cellulitis 0
Leukemia 1(0.2)
Lymphoma 10 (2.0
3 Moderate to severe liver 1(0.2)
disease
6 Metastatic solid tumor 2 (0.4)
HIV/AIDS 0

exercise testing (cycle ergometry) as additional risk
stratification prior to lung resection. When performance
in stair climb test was not satisfactory, cycle ergometry
was used to determine the eligibility. Maximum oxygen
consumption higher than 10 mL/kg/min or 35% predicted
was considered to be sufficient for major lung resection.
Thoracoscopic lobectomy and segmentectomy were

performed using a three-port approach, including a 3-cm
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anterolateral access incision in the fourth intercostal
space without rib spreading and with visualization only
through the monitor. Lobar vessels and the bronchus were
individually divided. Hilar and mediastinal lymph nodes
were dissected.

Mortality was defined as death during the hospitalization
for thoracoscopic lobectomy or within 30 days of the
operation. Postoperative complications were defined
according to the STS/ESTS joint standardization of
variable definitions and terminology (3). Pulmonary
complications include pneumonia, atelectasis requiring
bronchoscopy, adult respiratory distress syndrome, initial
ventilator support >48 hours, unplanned re-intubation or
tracheotomy. Cardiovascular complications are defined as
acute myocardial infarction, pulmonary embolism, and atrial
or ventricular arrhythmia requiring intervention. All other
adverse events including postoperative bleeding, wound
infection, recurrent laryngeal nerve injury, bronchopleural
fistula and other relevant events are defined as “other
major complications”. Overall morbidity is defined as the
occurrence of any major complication including mortality.

Categorical variables were expressed as percentages
and evaluated with Fisher’s exact test. Continuous data
are reported as median and interquartile range (IQR) and
compared using the Wilcoxon rank-sum test. Nearest-
neighbor 1:1 propensity score matching without replacement
was conducted to control for differences in baseline
characteristics between patients with high comorbidity
burden and those with low comorbidity burden. To
evaluate the causal effect of a high comorbidity burden
on postoperative complications, generalized linear mixed
model with random effects was fitted. Since matching
might introduced a dependency structure, each patient
with high comorbidity burden together with the matched
counterpart with low comorbidity burden was considered as
an individual group and associated with a random intercept
in the logistic regression model. We used two-sample
comparisons of proportions to calculate the sample size
for logistic regression. It was assumed that postoperative
complications occured in 25% and 40% of patients with low
and high comorbidity burden, respectively (odds ratio =2).
Accordingly, we estimated that 200 patients were required
for each group to reach a statistical power of 90% at 5% level
significance. Statistical significance was declared for P<0.05.
Statistical analyses were performed using SPSS, version 22.0
for Windows (SPSS, Chicago, IL, USA). Propensity score
matching and analysis using generalized linear mixed model
were carried out using R Project for Statistical Computing,
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Table 2 Demographics, clinical and operative characteristics of all patients (n=512), stratified by comorbidity burden
Variable High comorbidity burden (n=193), value or Low comorbidity burden (n=319), value or number P value
number affected (percent) affected (percent)
Age, years (median, IQR) 69 [63-76] 66 [58-73] <0.001
Male 128 (66.3) 156 (48.9) <0.001
Overweight (BMI >25) 98 (50.8) 143 (44.8) 0.20
History of smoking 144 (75.0) 226 (70.8) 0.18
ECOG =2 7 (3.6) 3(0.9) 0.046
ppoFEV1% (median, IQR) 57.4 (51.2-64.2) 59.6 (52.6-69.8) 0.005
ppoDLCO% (median, IQR) 49.9 (41.1-60.6) 52.3 (43.6-64.3) 0.12
Procedure 1.00
Lobectomy 181 (93.8) 299 (93.7)
Segmentectomy 12 (6.2) 20 (6.3)
Lobe 0.39
Upper 114 (59.1) 191 (59.9)
Lower 55 (28.5) 100 (31.3)
Middle 24 (12.4) 28 (8.8)
Pathologic stage 0.23
Stage | 152 (78.7) 245 (76.9)
Stage |l 22 (11.4) 54 (16.9)
Stage Il 19 (9.8) 20 (6.3)

IQR, interquartile range; BMI, body mass index; ECOG, Eastern Cooperative Oncology Group scale.

Version 3.3.3 along with R package “Matchlt” version 2.4-22
and “lme4” version 1.1-13 (20-22).

Results

There were 228 women and 284 men with a median age of
67 (IQR 61-74) years. The surgical procedures included
480 lobectomies (93.8%) and 32 segmentectomies (6.3%).
In 17 patients (3.3%), thoracoscopic procedures had to be
converted to thoracotomy. Pathologic analysis demonstrated
stage I in 397 (77.7%), stage 1l in 76 (14.9%) and stage
III in 39 patients (7.6%). A high comorbidity burden was
found in 193 patients (37.7%), with the remainder of
patients having a low comorbidity burden (n=319, 62.3%).
The prevalences of each individual comorbid condition
are summarized in Table 1. The most common comorbid
conditions were hypertension and chronic pulmonary
disease, followed by cardiac disease. There were two
patients with metastatic solid tumor in their histories.
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One had breast cancer and a solitary cerebellar metastasis.
Another presented with prostate cancer and a bony
metastasis. Both patients received curative intent treatments
and were disease-free from their prior tumors.

Table 2 categorizes patient demographics, clinical and
operative characteristics stratified by comorbidity burden.
When compared with their counterparts, patients with
a high comorbidity burden more commonly had other
risk factors such as increased age, male gender, worse
performance status and lower pulmonary function.
Postoperative complications are listed in Table 3.
Postoperative mortality and morbidity were comparable
between patients with high and low comorbidity burdens.
There were 5 postoperative deaths for the entire patient
cohort. Three patients died from postoperative pneumonia.
One patient developed a bronchopleural fistula followed by
sepsis and multiple organ failure and died on postoperative
day 12. Another developed pneumonia and atrial arrhythmia
on postoperative day 5 followed by a bronchopleural fistula,
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Table 3 Postoperative complications in all patients (n=512), stratified by comorbidity burden

High comorbidity burden (n=193),

Low comorbidity burden (n=319),

Outcomes number affected (percent) number affected (percent) P value
Postoperative mortality 3(1.6) 2 (0.6) 0.37
Pulmonary complication 18 (9.9) 27 (8.5) 0.75
Pneumonia 13 (6.7) 19 (6.0) 0.71
Atelectasis requiring bronchoscopy 4(2.1) 9(2.8) 0.78
Adult respiratory distress syndrome 5(2.6) 1(0.3) 0.030
Initial ventilator support >48 hours 4(2.1) 2(0.6) 0.21
Unplanned re-intubation or tracheotomy 8(4.1) 6 (1.9) 0.16
Cardiovascular complication 12 (6.2) 19 (6.0) 1.00
Acute myocardial infarction 1(0.5) 1(0.3) 1.00
Pulmonary embolism 0 1(0.3) 1.00
Atrial arrhythmia 9(4.7) 17 (6.3) 0.84
Ventricular arrhythmia 3(1.6) 1(0.3) 0.15
Other major complication 31 (16.1) 37 (11.6) 0.18
Postoperative bleeding 6 (3.1) 5(1.6) 0.24
Wound infection 0 1(0.3) 1.00
Recurrent laryngeal nerve injury 4(2.1) 5(1.7) 0.75
Bronchopleural fistula 5(2.6) 4(1.3) 0.31
Other events 23 (11.9) 23 (7.3) 0.081
Overall morbidity 47 (24.4) 73 (22.9) 0.75

and died on postoperative day 79.

To control for significant differences in baseline
characteristics between patients with high and low
comorbidity burdens as potential confounders, propensity
score matching was performed. The propensity score was
assessed using a multivariate logistic regression model
which included the following variables: age, gender,
ppoFEV1%, ppoDLCO%, and ECOG performance
status (=2 vs. <2). The matching established two well
balanced groups each consisting of 193 patients with high
or low comorbidity burden (7azble 4). After matching, the
postoperative complication rates were still comparable
between the groups (7able 5). To estimate the causal effect
of a high comorbidity burden on postoperative outcomes,
analyses of the propensity-matched data were performed
using generalized linear mixed model. The results indicated
that a high comorbidity burden was not related to greater

complication rates after thoracoscopic lobectomy (7able 6).
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Discussion

Owing to an ageing population, the presence of multiple
comorbid diseases is increasingly common among lung
cancer patients (23). Accurate assessment of comorbidity
is therefore crucial for determining an optimal treatment
strategy, and may be more important than functional
assessment in this regard (24). In the present study, we
objectively assessed a patient’s overall comorbidity burden
using CCI, which considers both number and seriousness
of concurrent medical conditions and provides a weighted
score for comorbidity (1,24). Interestingly, the incidence
of higher comorbidity burden in our patient cohort was
greater than that in previously published studies (1,25,26).
This discrepancy may be explained by the incorporation of
hypertension as the most common comorbid condition into
the updated version of CCI used in the current study.
Despite the well established relationship of some
major comorbid conditions such as cardiopulmonary and
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Table 4 Demographics, clinical and operative characteristics of propensity-matched patients (n=386), stratified by comorbidity burden
Variable High comorbidity burden (n=193), value or Low comorbidity burden (n=193), value or P value

number affected (percent) number affected (percent)

Age, years (median, IQR) 70 [64-76] 70 [63-76] 0.84
Male 128 (66.3) 120 (62.2) 0.46
Overweight (BMI >25) 98 (50.8) 90 (46.6) 0.48
History of smoking 144 (75.0) 139 (72.1) 0.30
ECOG =2 7 (3.6) 3(1.6) 0.34
ppoFEV1% (median, IQR) 57.0 (51.2-64.1) 56.6 (50.4-65.6) 0.80
ppoDLCO% (median, IQR) 49.4 (41.1-60.6) 50.8 (40.2-61.3) 0.81
Procedure 1.00

Lobectomy 181 (93.8) 180 (93.3)

Segmentectomy 12 (6.2) 13 (6.7)
Lobe 0.10

Upper 114 (59.1) 117 (60.6)

Lower 55 (28.5) 64 (33.2)

Middle 24 (12.4) 12 (6.2)
Pathologic Stage 0.35

Stage | 152 (78.7) 146 (75.7)

Stage Il 22 (11.4) 35 (18.1)

Stage Il 19 (9.8) 12 (6.2)
IQR, interquartile range; BMI, body mass index; ECOG, Eastern Cooperative Oncology Group scale.
Table 5 Postoperative complications in propensity-matched patients (n=386), stratified by comorbidity burden
Outcomes High comorbidity burden (n=193), number Low comorbidity burden (n=193), number P value

affected (percent) affected (percent)

Postoperative mortality 3(1.6) 2(1.0) 1.00
Pulmonary complication 18 (9.3) 21(10.9) 0.74
Cardiovascular complication 12 (6.2) 12 (6.2) 1.00
Other major complication 31 (16.1) 31 (16.1) 1.00
Overall morbidity 47 (24.4) 54 (28.0) 0.49

Table 6 The causal effects of a high comorbidity burden on postoperative complications estimated using propensity-matched data (n=386) and

generalized linear mixed model

Outcomes Odds ratio 95% ClI P value
Pulmonary complication 1.201 0.604-2.387 0.60
Cardiopulmonary complication 1.098 0.603-2.000 0.76
Other major complication 1.000 0.581-1.722 1.00
Overall morbidity 1.207 0.766-1.902 0.42
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renal diseases to higher postoperative complication rates,
the impact of a patient’s overall comorbidity burden on
postoperative outcomes following major lung resection has
not been thoroughly examined. In a clinical study published
in 2003, Birim and colleagues studied 205 patients
undergoing lung resections for lung cancer and found
that increased comorbidity burden (CCI 3-4) was a
strong predictor of major postoperative complications (1).
However, the data published in the last 10 years show that
the relationship of a higher comorbidity burden to the
morbidity after major lung resection is still an object of
controversy. While a higher comorbidity burden was found
predictive of increased morbidity following lung resection
by Rueth er a/. and Pei et 4l., there also have been reports
that higher CCI score was not associated with greater
postoperative complication rates (6-10). Worthy of notice
are substantial selection bias and a wide variety in surgical
approaches, extent of resection and cancer stages in these
studies. More importantly, none of the recent studies
specifically focused on patients undergoing thoracoscopic
lobectomy, which has been widely adopted and preferred as
surgical approach for treatment of early stage NSCLC (13).
Given the positive effect of thoracoscopic approach on
postoperative outcomes, it is reasonable to speculate
whether a strong relationship still exists between increased
comorbidity burden and postoperative morbidity, when
lobectomy is performed via a minimally invasive approach.
In the present study, we specifically studied lung cancer
patients who underwent thoracoscopic lobectomies in
our institution. The analyses indicate that thoracoscopic
lobectomy can be performed with low postoperative
mortality and reasonable morbidity in patients with a high
comorbidity burden. Our results support previous small case
series suggesting that thoracoscopic lobectomy is feasible
and safe for this patient group (14). In addition, we found
that pulmonary, cardiopulmonary complication rates and
overall morbidity were comparable between patients with
high and low comorbidity burdens. To take into account
differences between the comorbidity groups and limit
selection bias, we performed propensity score matching
to balance preoperative characteristics in the groups. The
analyses of propensity-matched data demonstrated similar
results. More importantly, our causal effect analyses using
propensity-matched data and generalized linear mixed
model indicated that a high comorbidity burden measured
by CCI was not related to greater complication rates. Thus,
our results suggest that the presence of a high comorbidity
burden might not be relevant for determining the eligibility
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for thoracoscopic lobectomy.

Despite recent advances in chronic disease management
and perioperative care, the authors felt that the favourable
outcomes in our patients with a high comorbidity burden
were, at least in part, attributable to the positive effect
of thoracoscopic approach on postoperative outcomes
and thorough physiologic evaluation performed before
surgery. Yet, we also fully acknowledge the limitations of
CCI used as a measure of overall comorbidity burden in
the present study. These lie mainly in the fact that CCI
was not originally constructed to predict postoperative
adverse outcomes (27). Notably, the weight assigned to
the individual comorbid conditions in CCI may not reflect
their relative importance on the risk of postoperative
complications. Moreover, CCI includes some comorbid
diseases that may not have an impact on the postoperative
adverse events following lung resections, e.g. AIDS, skin
ulcer and lymphoma. It is, however, worthy of note that
those comorbid conditions were either absent or rare in our
patient cohort.

Based on our findings, we suggest that future efforts
to improve risk assessment for lung cancer patients with
multiple comorbid conditions should be directed towards
refined preoperative examination of major comorbid
diseases and thorough physiologic evaluation. Recently, the
ESTS database committee has presented the EuroLungl
score to predict major complications following anatomic
lung resection (28). They analyzed nearly 48 thousand
anatomic lung resections and identified eight independent
morbidity predictors, which encompass three major
comorbid diseases: coronary artery disease, cerebrovascular
disease and chronic kidney disease. According to the results
of regression analyses, they assigned a score ranging from
1 to 3 points to each predictor. The aggregation of these
points results in the EuroLungl score. Given that the
underlying data were derived from a large clinical thoracic
surgery database like the ESTS database, EuroLungl score
is supposed to be a reliable instrument of risk stratification
prior to major lung resection. More encouragingly, new
knowledge has emerged showing that frailty assessment is a
reliable tool for predicting postoperative adverse outcomes,
as the number of elderly patients with lung cancer is
growing rapidly. Compared with CCI, frailty assessment
is a multidimensional risk assessment quantified not only
by comorbid diseases, but also by physical and cognitive
impairments, psychosocial risk factors etc. (29). It will be
important to focus future research towards identifying
the method of measuring frailty best suited for patients
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considered for major lung resection.

Besides the known imperfection of CCI, the authors
also acknowledge other potential limitations of the present
study. First, there was the inherent bias of a retrospective
approach. Next, our results are derived from single
institution data, which may not fully reflect the clinical
scenario elsewhere. Caution should be taken in using our
results in decision making for patients in other institutions.
Of concern also is the selection bias in the present study.
Although propensity score matching has mitigated selection
bias to some extent by balancing the known confounders,
there might be some unknown confounding variables
that influence the results. Despite the imperfect data and
limitations known to CCI, our results fill the gap in the
literature and may help in improving preoperative patient
selection and perioperative risk assessment for this patient
population.

In conclusion, our results suggest that thoracoscopic
lobectomy can be performed with low mortality and
reasonable morbidity in lung cancer patients presenting
with multiple comorbid diseases. If technically feasible,
it is recommended to use a thoracoscopic approach for
anatomic lung resection in this patient population. The
presence of a high comorbidity burden measured by CCI
may not have a perceptible impact on adverse postoperative
outcomes following thoracoscopic lobectomy. Preoperative
risk assessment for patients with multiple comorbid diseases
should focus on examination of major comorbid diseases
and physiologic evaluation.
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Appendix 1 Protocol of Literature Review

Table of contents
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Investigator Results

Ruoyu Zhang, MD

Records identified

Objectives through database
searching (n=627)

To assess the impact of comorbidity burden measured
by Charlson comorbidity index or other indexes on

the mortality and morbidity following major lung ,
: Records excluded
resection. Records screened | after screening
(n=627) “| based on title and
abstract (n=579)
Methods
A PICO-formatted matrix was developed to guide "

selection of appropriate search terms. PubMed was Fulltoxt arficlos —
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el Nn=
1st 2007 through April 31st 2017. Studies are considered 'gibfity

eligible if they report the impact of comorbidity

burden on postoperative outcomes following major

lung resection regardless of surgical approaches and Y

hol . Studies of interest
pathology. e

Search terms

Domain Search terms Boolean operator
Population of ~ Co-morbidity*, OR
interest Comorbidity*,

multimorbidity,
coexisting disease*

Intervention Lobectomy*, OR
“Lung resectio*”,
“pulmonary resectio*”,

pneumonectomy*®
Comparator Not specified -

Outcome Outcome*, OR
complication®,
Treatment outcome?®

?, MeSH major topic; * is the PubMed truncation symbol.



Summary of the studies assessing impact of comorbidity burden on morbidity following major lung resection

Ye f C bidit Number of
Study ear.o ) omorbiaity ur.n ero Conclusion Notes
publication measurement patients
Haruki et al. (30) 2017 CClI 216 CCl <3 vs. 23, not  Thoracoscopic lobectomy in 54% patients
predictive
Eguchi et al. (31) 2017 CClI 2,186 CCl score, not Lobectomy in 73.7% patients, no information
predictive concerning surgical approach
Pei et al. (32) 2014 CClI 476 CCl <3 vs. =3, Lobectomy in 63.0% patients, thoracoscopic
predictive approach in 13.9% patients
Endoh et al. (33) 2013 CClI 295 CCl <2 vs. 22, not Lobectomy in 80.3% patients, thoracoscopic
predictive approach in 35.9% patients
Rueth et al. (34) 2012 CClI 4,171 CCl <2 vs. 22, No information concerning surgical approach
predictive

CCl, Charlson comorbidity index.

Summary of the studies assessing impact of comorbidity burden on mortality following major lung resection

Ye f idit N f
Study ear.o ) Comorbidity ur.'nber © Conclusion Notes
publication measurement patients
Melvan et al. (35) 2015 CClI 215,645  CCl score 1 and =2 predictive Lobectomy in 75.3% patients, no information
concerning surgical approach
Husain et al. (36) 2015 CClI 71,175 CCl score 1 and 2 predictive  Lobectomy in 80.9% patients, no information
concerning approach
Rosenetal. (37) 2014 CClI 119,146  CCl 0 vs. 1 vs. =2 predictive ~ Lobectomy in 71.4% patients, no information
concerning approach
Kates et al. (38) 2009 CClI 14,297 CCl score predictive Lobectomy in 59.0% patients, no information
concerning approach
Strand et al. (39) 2007 CClI 4,395 CCl score predictive Lobectomy in 60.6% patients, no information

concerning approach

CClI, Charlson comorbidity index.
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