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Background: The objective of this retrospective study is to evaluate the impact of the CCI on short-term
outcomes in pulmonary resection.

Methods: We retrospectively analyzed 1,309 patients who underwent pulmonary surgery consecutively in
our hospital.

Results: All patients were divided into complication group and non-complication group. CCI (P=0.012),
blood loss (P=0.015) and type of surgery (P<0.001) were an independent risk factors for complications in
multivariate analysis. Assuming a threshold of 3 for defining poor outcomes for pulmonary resection, the
sensitivity and specificity were 87.9% and 44.2%, respectively. The area under the curve for CCI was 0.711
(P<0.001). There were 918 (70.1%) patients in the CCI <3 group and 391 (29.9%) patients in the CCI <3
group. The rate of poor outcome was 3.3% in the CCI <3 group, and 9.2% in the CCI >3 group (P<0.001).
Conclusions: The main finding of the present study was that CCI >3 was associated with a poor short-
term outcome. For patients with CCI >3, it was suggested that the experienced surgical team should perform

pulmonary resection in the shortest time and preserving the lung function as much as possible.
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Introduction substantial comorbidity because of their advanced age

at diagnosis and a strong association with cigarette

Lung cancer is the leading cause of cancer death . g .
8 g smoking (3). All these comorbidities can have deleterious

rldwi nting, for roximately 1.4 million . .
worldwide, accounting, for approximately 1.4 0 effects on the diagnostic procedures and, moreover, on

deaths annually (I). The most effective treatment for the treatment possibilities and thus must be carefully

early-stage lung cancer is surgical resection. However,
only about 20% to 30% of patients are potential
candidates for surgical resection because of the stage at
which the disease is diagnosed or because of comorbid
conditions (2). Comorbidity has been associated with
overall and disease-specific outcomes in various cancers.
Compared with patients with many other types of cancer,
patients with lung cancer are more likely to harbor
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explored. The Charlson comorbidity index (CCI) have
been used to assess the comorbidity risk associated with
several conditions. CCI is closely related to postoperative
complications (4).

The objective of this retrospective study is to evaluate
the impact of the CCI on short-term outcomes after
pulmonary resection, to determine the cutoff point of CCI
with guiding significance for prognosis.
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Table 1 Charlson comorbidity index and prevalence of comorbid

conditions

Charlson index item Points pgfi;erc::s %
Coronary artery disease 1 44 3.4
Peripheral vascular disease 1 16 1.2
Cerebrovascular disease 1 14 1.1
Chronic obstructive pulmonary disease 1 142 10.8
Connective tissue disease 1 5 0.4
Liver disease 1 25 1.9
Diabetes mellitus 1 95 7.3
Chronic kidney disease 2 7 0.5
Leukemia 2 3 0.2
Malignant lymphoma 2 1 0.08
Solid tumor 2 92 7

We present the following article in accordance with the
STARD reporting checklist (available at http://dx. doi.
org/10. 21037/jtd-20-2264).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the institutional ethics board of China-Japan
Friendship Hospital (No. 2018-13-K08) and individual

consent for this retrospective analysis was waived.

Data collection

We retrospectively analyzed 1,309 patients who underwent
pulmonary resection in China-Japan Friendship Hospital
between January 2010 and January 2018. Perioperative
data were collected for all patients, including age, sex,
smoking history, American Society of Anesthesiologists
(ASA) classification, CCI, surgical procedure, anesthesia
time, operation time/one-lung ventilation time, blood
loss, histology, complications (air leakage more than
1 week, pleural effusion needs re-thoracentesis, pulmonary
infection (fever and culture positive), atrial fibrillation, re-
thoracotomy, postoperative blood transfusion, pulmonary
embolism, pneumothorax, chylothorax (whether
somatostatin therapy is effective), atelectasis and/or sputum
retention requiring bronchoscopy, wound sepsis and
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bronchopleural fistula), poor outcomes, 30-day mortality,
and postoperative stay. However, since not all of these
complications were irreversible or untreatable, not all of
them would necessarily have precluded surgery if predicted
in advance. We defined postoperative death or respiratory
failure as poor outcomes. Poor outcomes were used to
identify patients who should ideally be identified as high-
risk patients before surgery.

CCI scoring

Comorbidity was defined as the presence of one or more
additional conditions existing simultaneously, independently
or not (with or without a causal effect) with a disease that
was considered primary. In the CCI the patient’s age was
allocated to one of the age groups, each considered to be of
different risk. 7able I introduces the Charlson comorbidity
index and the prevalence of comorbid conditions. The index
score was further calculated the CCI calculator (5,6).

Statistical analysis

Categoric variables were expressed as percentages and
evaluated with Chi square or Fisher’s exact test. Continuous
data were presented as mean + SD and were compared
using the two-sample Student t test. Receiver-operating
characteristic (ROC) curves were plotted to assess the
predictive value of CCI for poor outcomes. All P-values
were reported by 2-sided analyses, and the statistical
significance level was set at less than 0.05. Statistical analysis
was performed with SPSS 24.0 software (SPSS, Inc.,
Chicago, IL, USA).

Results

From January 2010 to January 2018, 1,309 patients
underwent pulmonary resection. Demographic, clinical
characteristics and operation procedures were presented in
Table 2. In brief, the type of surgery performed consisted of
wedge resection in 344 (33.1%) patients, segmentectomy
in 38 (3.0%) patients, lobectomy in 831 (63.5%)
patients, and bilobectomy in 96 (7.3%) patients. Nine
hundred and six patients received the resection by video-
assisted thoracoscopic surgery (VATS), the postoperative
complication rate was 17.0%, 73 patients received the
resection by video-assisted minithoracotomy (VAMT), the
postoperative complication rate was 26.0%, 122 patients
received the resection by thoracotomy, the postoperative
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Table 2 Patient characteristics

Shao et al.

CCl, short-term outcome, and pulmonary resection

Characteristics Complication group Non-complication group P
Age (years) 60.76+17.06 58.42+12.02 0.004
FEV1%pred 74.92+11.19 76.93+8.35 0.007
Anesthesia time (min) 284.93+87.71 247.75+106.54 0
Operation time (min) 230.06+86.33 192.45+92.57 0
Blood loss (mL) 283.61+319.94 180.08+231.54 0
Discharge (d) 16.90+11.71 8.96+4.32 0
Sex 0
Male 182 573
Female 79 475
Smoking history 0.075
Yes 113 391
No 148 657
Surgery 0
Wedge 37 307
Segmentectomy 4 34
Lobectomy 177 654
Bilobectomy 43 53
Operative method 0
VATS 154 752
VAMT 73 208
Thoracotomy 34 88
Blood transfusion 0
Yes 34 68
No 227 980
ASA classification 0.127
/1 221 924
/v 40 124
Pathology 0.001
Malignant 214 757
Benign 47 291
Poor outcome 0
Yes 25 41
No 236 1007
30-day death 0
Yes 8 1
No 253 1047

Table 2 (continued)
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Table 2 (continued)
Characteristics Complication group Non-complication group P
CClI 0.005
0 1 74
1 15 117
2 71 270
3 63 297
4 67 190
5 25 71
6 6 24
7 3 5

VATS, video-assisted thoracoscopic surgery; VAMT, video-assisted minithoracotomy; ASA, American Society of Anesthesiologists;
FEV1%pred, predicted of forced expiratory volume in 1 s; CCl, Charlson comorbidity index.

Table 3 Distribution of pathological type

Types No. of patients %

AC 701 53.55
SCC 242 18.49
B 103 7.87
Hamartoma 42 3.21
Metastatic tumor 38 2.90
Inflammatory pseudotumor 35 2.67
Bronchiectasia 34 2.60
SCLC 31 2.37
Mycosis 18 1.38
Pulmonary sequestration 14 1.07
Sarcomatoid carcinoma 12 0.92
Sclerosing hemangioma 11 0.84
LCC 10 0.76
Fibroma 7 0.53
Bronchocyst 5 0.38
Carcinoid 4 0.31
Hemangioma 2 0.15
Total 1,309 100

AC, adenocarcinoma; SCC, squamous cell carcinoma; TB,
tuberculosis; SCLC, small cell lung cancer; LCC, large cell

carcinoma.
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complication rate was 27.7%. Nine hundred seventy-
one (74.2%) patients were histologically diagnosed as
malignant tumors, the rest 338 (25.8%) were histologically
diagnosed as benign tumors. The postoperative pathology
of all patients was shown in Table 3. Adenocarcinoma (AC),
squamous cell carcinoma (SCC) and metastatic tumor were
the top three in the malignant tumors. Tuberculosis (TB),
hamartoma and inflammatory pseudotumor were the top
three in the benign tumors. The proportion of each age
group was shown in 7able 4. There are 438 patients (33.5%)
in the 51-60 age group and 425 patients (32.5%) in the
61-70 age group. Only 17 (1.2%) patients were in the age
group of 81 years or older.

According to the occurrence of postoperative
complications, they were divided into two groups. There
were 261 (19.9%) patients in the complication group and
1,048 (80.1%) patients in the non-complication group.
The mean age of the two groups was 60.76+17.06 and
58.42+12.02 years, respectively. In the complication group,
the mean time of extubation and discharge was 12.21+
10.97 days and 16.90+11.71 days. In the non-complication
group, the mean time of extubation and discharge was
5.70+3.40 days (P<0.001) and 8.96x4.32 days (P<0.001).
Univariate analysis identified that age (P<0.001), anesthesia
time (P<0.001), operation time (P<0.001), sex (P<0.001),
type of surgery (P<0.001), operative method (P=0.001),
blood loss (P<0.001), intraoperative blood transfusion
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Table 4 Distribution of age among patients undergoing surgery

Age, year No. of patients %

<40 94 7.2
41-50 156 11.9
51-60 438 33.5
61-70 425 32.5
71-80 179 13.7
>81 17 1.2

Table 5 Multivariate analysis to identify predictors of complications

Characteristics OR 95% CI P
CClI 0.793 0.663-0.950 0.012
Blood loss 0.999 0.999-1.000 0.015
Surgery 0.655 0.530-0.810 0

CCl, Charlson comorbidity index; OR, odds ratio; Cl, confidence
interval.

(P<0.001), CCI (P=0.005) were candidate risk factors for
postoperative complications (1able 2). CCI (P=0.012), blood
loss (P=0.015) and surgery (P<0.001) were an independent
risk factors for complications in multivariate analysis
(1able 5). The general rate of poor outcome was 5.0%, in
the complication group and non-complication group, the
rates were 9.6% and 3.9%, respectively. Nine patients died
within 30 days after operation, 8 (3.1%) in the complication
group and 1 (0.1%) in the non-complication group.

The number and proportion of complications are
shown in Table 6. The more common complications
were air leakage (7.5%) and atrial fibrillation (6.6%).
The rare complications were bronchopleural fistula
(0.3%) and pulmonary embolism (0.2%). Solid tumors,
cardiorespiratory diseases, diabetes accounted for a large
proportion of comorbidity. Of the 1,309 patients, 85 (6.5%)
patients had a CCI of 0, 132 (10.1%) patients had a CCI
of 1, 341 (26.1%) patients had a CCI of 2, 360 (27.5%)
patients had a CCI of 3, 257 (19.6%) patients had a CCI
of 4, 96 (7.3%) patients had a CCI of 5, 30 (2.3%) patients
had a CCI of 6, 30 (0.6%) patients had a CCI of 7. To
find out the relationship between poor outcomes and
CCI, and whether there was a bound value with predictive
value. Receiver-operating characteristic (ROC) curves
were plotted in order to assess the predictive value of CCI
score results for poor outcomes. Positive and negative
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predictive values were calculated for selected thresholds and
using study estimates of the prevalence of poor outcome.
Figure 1 shows the ROC curves. The diagonal line
indicates an area under the curve of 0.5, equivalent to
the measurement having no predictive value. The area
under the curve for CCI was 0.711 (95% CI: 0.651-0.771,
P<0.001). Assuming a threshold of 3 for defining poor
outcomes for pulmonary resection, the sensitivity and
specificity were 87.9% and 44.2%, respectively.

All patients were grouped according to their CCI score
and classified into CCI <3 group and CCI >3 group. As
shown by Table 7, there were 918 (70.1%) patients in
the CCI <3 group and 391 (29.9%) patients in the CCI
>3 group. The mean age of the two groups was 54.49+
10.60 and 69.23+7.46 years, respectively. Compared with
the group with CCI >3, the operation time (P=0.053) and
anesthesia time (P=0.058) of the group with CCI <3 were
shorter, the intraoperative blood loss(P=0.368) was less, the
extubation time (P=0.171) and discharge time (0.067) after
operation were shorter, although there was no significant
difference. Most patients (87.5%) have an American Society
of Anesthesiologists (ASA) classification of I/II, 91.6% in the
CCI <3 group, and 77.7% in the CCI >3 group (P<0.001).
The incidence of postoperative complications was 17.4% in
CCI <3 group and 25.8% in CCI >3 group (P<0.001). The
30-day postoperative mortality was 0.7% in all patients,
0.5% in the CCI <3 group, and 1.0% in the CCI >3 group
(P=0.338). The rate of poor outcome was 3.3% in the CCI
<3 group and 9.2% in the CCI >3 group (P<0.001). In the
CCI <3 group, the VATS proportion was 67.0%; in the
CCI >3 group, the VAT proportion was 74.4%.

Discussion

Comorbidity was associated with increased postoperative
mortality and considered to be an important prognostic
factor in patients operated for cancer (7). Battafarano
et al. studied 451 patients who underwent surgical resection
and founded that comorbidity had a significant impact on
survival (8). Powell ez 4/. studied 10,991 patients undergoing
pulmonary resection and found that there was a significant
correlation between CCI and death within 90 days after the
operation (9). These comorbid conditions could affect the
selection of treatment options. In this retrospective analysis
of 1,309 patients, we confirmed a relationship between CCI
and short-term outcomes. With the increase of CCI score,
postoperative complications, the rate of transfer to ICU,
and death within 90 days after operation also increased.
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Table 6 Incidence of postoperative complications

6675

Complications No. of patients (n=261) %
Air leak (lasting >7 d) 98 7.5
Atrial fibrillation 87 6.6
Chylothorax 23 1.8
Pneumonia 35 2.7
Re-thoracotomy 8 0.6
Postoperative blood transfusion 15 1.1
Pulmonary embolism 2 0.2
Pleural effusion 50 3.8
Pneumothorax 13 1
Atelectasis and/or sputum retention requiring bronchoscopy 11 0.8
Wound sepsis 12 0.9
Bronchopleural fistula 4 0.3

One patient may have two or more complications.

ROC curve
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Figure 1 Receiver-operating characteristic curve. ROC, receiver-
operating characteristic; CCI, Charlson comorbidity index.

However, there remains a problem in which CCI score
cutoff was of guiding significance? Wang er /. suggested
that Patients with CCI >2 and age >65 years had higher
perioperative mortality and death from non-cancer causes
after surgery compared to patients with CCI <2 (10). The
presence of comorbid conditions (CCI >1), rather than age

more than 65 years, was associated with poorer survival
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in a large randomized trial by Asmis er 4/. (11). The main
finding of the present study was that CCI >3 was associated
with a higher incidence of postoperative complications. Our
cutoff point was higher than that of previous studies. The
possible reason could be that they did not include age in
the calculation of the CCI score. Age and comorbidity have
been associated with overall and disease-specific outcomes
in various cancers. A few reports have shown, however,
that advanced age is not necessarily associated with higher
morbidity (11,12). Koppie ez al. believed that both age
and comorbidity were associated with treatment selection
and survival and should, therefore, be considered (13).
Wang et al. demonstrated that advancing age was a much
stronger negative predictor of treatment receipt among
older veterans with lung cancer than comorbidity (14).
Individualized decisions that go beyond age and include
comorbidity were needed to better target lung cancer
treatments to older patients who might reasonably benefit.
In our calculation, the age of patients in CCI is assigned to
an age group, each of which is considered to have a different
risk. Our study showed that patients with CCI >3 had more
poor outcomes (P<0.001), but the 30-day death rate was
no significant difference (P=0.338). Similarly, Battafarano
showed that there was no significant trend toward higher
hospital mortality with greater comorbidity (P=0.055) (8). We
considered that even patients with high CCI could perform
surgery safely as long as appropriate patients were selected.
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Table 7 Demographic and clinical characteristics among patients by CCI

Characteristics CCl (=3) CCl (>3) P
Age (years) 54.49+10.60 69.23+7.46 0
FEV1%pred 78.22+7.71 72.58+10.52 0
Extubation time (days) 6.82+6.00 7.34+7.02 0.171
Anesthesia time (min) 258.48+109.23 246.58+90.54 0.058
Operation time (min) 203.18+94.22 192.35+88.17 0.053
Blood loss (mL) 204.86+265.09 191+229.23 0.368
Discharge (d) 10.31+6.94 11.1127.85 0.067
Sex 0.127
Male 517 238
Female 401 153
Smoking history 0.857
Yes 352 152
No 566 239
Surgery 0
Wedge 218 126
Segmentectomy 21 17
Lobectomy 601 230
Bilobectomy 78 18
Operative method 0.001
VATS 615 291
VAMT 201 80
Thoracotomy 102 20
Blood transfusion 0.916
Yes 72 30
No 846 361
ASA classification 0
171 841 304
n/v 77 87
Pathology 0
Malignant 631 340
Benign 287 51
Poor outcome 0
Yes 30 36
No 888 355
30-day death 0.338
Yes 5 4
No 913 384
Complication 0
Yes 160 101
No 758 290

CCl, Charlson comorbidity index; VATS, video-assisted thoracoscopic surgery; VAMT, video-assisted minithoracotomy; ASA, American
Society of Anesthesiologists; FEV1%pred, predicted of forced expiratory volume in 1 s.
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In our study, the more lung tissue resected, the higher
the incidence of postoperative complications. For patients
with the same disease, patients with CCI <3 could tolerate
more lung tissue resection. With the development of
surgical techniques, VATS has been rapidly developed and
widely applied in the world, involving almost all areas of
general thoracic surgery. Compared with thoracotomy,
VATS enabled a smaller incision without removing or
stretching the ribs open, sparing respiratory muscles
from injures and thus minimizing the loss of lung
function. Patients would suffer less pain postoperatively
and expectorate more easily, reducing the incidence of
postoperative pulmonary infection and complications
as well (15). Jeon er al. suggested that VATS lobectomy
was associated with a lower incidence of pulmonary
complications compared with lobectomy by thoracotomy
in NSCLC patients with COPD (16). VATS lobectomy
might be the preferred strategy for appropriately selected
NSCLC patients with COPD. Garzon et 4l. believed that
VATS pulmonary resection for cancer in patients with poor
lung function could achieve an acceptable outcome (17).
We found that the incidence of postoperative complications
after thoracotomy was 1.7 times higher than that of VATS.
VATS had fewer complications than other operations.
Through 58 consecutive patients undergoing a VATS
lobectomy for NSCLC, Nakanishi et /. demonstrated that
a VATS lobectomy was a feasible and safe procedure for
lung cancer in patients with a CCI score of two or more (18).
In our study, the proportion of VATS used in CCI >3
group was more than that in CCI <3 group. For patients
with CCI >3, surgeons preferred to use the most simple
and quick operations. We recommended that it was very
important for patients with CCI >3 to adopt the fastest way
of operation and keep as much lung function as possible.

With lung cancer being far more frequent in smokers
and ex-smokers, these patients often have tobacco-related
illnesses, mainly cardiovascular and respiratory (19).
Unfortunately, in our study, smoking history was no
significant difference between the complications group
(P=0.075) and the CCI group (P=0.857). We inferred that
postoperative complications and CCI were more closely
related to smoking index than smoking history, and then we
had no smoking index data. Smoking cessation should be
strongly encouraged in patients who undergo pulmonary
resections, regardless of CCL.

For patients in CCI >3 group, the operation related
time was shorter, hospitalization related time was longer,
and the hospitalization cost was correspondingly increased.
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The surgeons were more rigorous in the perioperative
management of such patients, hoping to reduce
perioperative complications. In the research of Birim
et al., the mean length of hospital stay was 14.4 days,
ranging from 2 to 116. An increase of CCI score showed a
slight increase in the length of hospital stay, although this
was not significant (P=0.107) (4).

ASA classification was used in the anesthesiology
department to evaluate the physical condition and the surgical
risk of patients (20). Marret e a/. (21) and Limmer ez 4. (22)
found that the ASA classification of III and IV correlated with
poor outcomes in patients receiving pulmonary resection.
The higher the CCI score, the higher the ASA classification
(P<0.001). Whitmore et al. demonstrated that the CCI score
and ASA grade were significantly correlated, with Spearman p
of 0.458 (P<0.001). Increasing CCI score (P=0.0032) and ASA
grade (P=0.0035) were associated with an increased likelihood
of complications (23).

Several limitations should be noted in this study. First,
as a retrospective study, it was vulnerable to various sources
of deviation that might not be identified and controlled.
Second, this was a single institutional study with limited
sample size and thus calls for more evidence from further
prospective studies (including a larger series of patients).
Future multicenter studies were needed to exploit possible
predictive parameters that did not reach significance in our
study, to provide better prognostic value for patients who
have comorbidities.

Conclusions

CCI was associated with increased postoperative
complications and considered to be an important prognostic
factor in pulmonary resection patients. The main finding
of the present study was that CCI >3 was associated with
a poor short-term outcome. VATS pulmonary resection
could be safely and effectively performed for patients with
lung disease and comorbidity with satisfactory short-term
outcomes. For patients with CCI >3, it was suggested that
the experienced surgical team should perform pulmonary
resection in the shortest time and keep the lung function
as much as possible. Smoking cessation should be strongly
encouraged in patients who undergo pulmonary resections.
The CCI score and ASA grade were significantly correlated.
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