
ORIGINAL ARTICLE – THORACIC ONCOLOGY

A Multiple-Center Nomogram to Predict Pneumonectomy
Complication Risk for Non-Small Cell Lung Cancer Patients

Chong Wang, MD2, Shaodong Wang, MD3, Zhixin Li, MD1, and Wenxin He, MD1

1Department of Thoracic Surgery, Shanghai Pulmonary Hospital, School of Medicine, Tongji University, Shanghai, China;
2Minimally Invasive Treatment Center, Beijing Chest Hospital, Beijing, China; 3Department of Thoracic Surgery, Peking

University People’s Hospital, Beijing, China

ABSTRACT

Objective. This study aimed to construct a nomogram to

quantitatively predict pneumonectomy complication risks

for non-small cell lung cancer (NSCLC) patients.

Methods. Data from 1052 NSCLC patients who under-

went pneumonectomy were retrospectively retrieved from

the databases of three thoracic centers. Multivariable

logistic regression was used to investigate postoperative

morbidity predictors. Clinical parameters and operative

features were analyzed using univariable and multivariable

logistic regression analyses, and a nomogram to predict the

risk of postoperative complications was constructed using

bootstrap resampling. A receiver operating characteristic

(ROC) curve was used to estimate the discrimination

power for the nomogram.

Results. A total of 212 patients (20.2%) had major com-

plications. After regression analysis, forced expiratory

volume in 1 s, Charlson Comorbidity Index score, male

sex, and right-sided pneumonectomy were identified and

entered into the nomogram. The nomogram showed a

robust discrimination, with an area under the ROC curve of

0.753 (95% confidence interval 0.604–0.818). The cali-

bration curves for the probability of postoperative

complications showed optimal agreement between the

nomogram and the actual probability.

Conclusions. Based on preoperative data, we developed a

nomogram for predicting complication risks after pneu-

monectomy. This model may be helpful for thoracic

surgeons in selecting appropriate patients for adopting

prophylactic measures after surgery.

Pneumonectomy is most frequently performed for the

management of bronchogenic central-type carcinoma and

is associated with a higher risk of mortality, morbidity, and

economical cost than other types of pulmonary resection.1,2

Although postoperative complications were decreased by

precise preoperative selection, improvement in operative

techniques, and postoperative careful nursing, complica-

tions after pneumonectomy are still not rare and are

occasionally unpredictable.3 The optimal prediction of

postoperative complication risks after pneumonectomy is a

growing clinical concern.

Nomograms have been accepted as a reliable tool to

create a simple intuitive graph of a statistical predictive

model that quantifies the risk of a clinical event.4 In this

study, we aimed to identify the combination of routinely

collected preoperative variables that resulted in a highly

accurate prediction of postoperative complications in

pneumonectomy patients. A nomogram predicting the

probability of the risk of postoperative complications was

then constructed to support the clinicians in their treatment

recommendations.
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METHODS

From December 2009 to December 2019, 1052 con-

secutive patients who underwent pneumonectomy at three

lung cancer centers in China (Shanghai Pulmonary

Hospital, Beijing Chest Hospital, and Peking University

People’s Hospital) were retrospectively analyzed (Fig. 1).

Preoperative patient characteristics, including demograph-

ics, comorbidities, and laboratory and pulmonary function

test data, were extracted from the electronic medical

records at the time of the initial visit. All 90-day postop-

erative complications were prospectively recorded and

graded according to the Clavien–Dindo classification of

surgical complications (Appendix 1).5 In this study, minor

complications were defined as grades I and II in the Cla-

vien–Dindo classification system, while major

complications were defined as grade III or higher. This

study was exempted from ethics approval by the Ethical

Committee and the Institutional Review Board of all three

hospitals.

Data Analysis and Statistical Methods

All statistical analyses were conducted using IBM SPSS

20.0 (IBM Corporation, Armonk, NY, USA) and R version

3.2.4 (The R Foundation for Statistical Computing, Vienna,

Austria). The severity of postoperative complications was

measured and was classified into two groups—the none/

minor group and the major group. The linearity assumption

in continuous variables was examined using restricted

cubic splines, and the correlation between a major com-

plication and clinical parameters was evaluated by

univariable logistic regression. Logistic regression models

were refined using backward selection with the minimal

Akaike information criterion (AIC) value to obtain a good

model fit but to avoid overfitting. Variables with a p-value

\0.1 were entered into the backward regression multi-

variable analysis to identify the risks for complication

factors.

A nomogram is based on a multiple logistic regression

model. The score of each influencing factor on the main

complications is calculated and the total score is then

added. According to the function transformation relation-

ship between the total score and the probability of outcome

events, the predictive value of complications is calculated.

Finally, by reading out the scores of each factor and

summing them up, the corresponding complication risk can

be easily found on the nomogram.

The performance of the nomogram was assessed by

discrimination and calibration. The discriminative ability

of the model was determined by the area under the receiver

operating characteristic (ROC) curve (AUC), which ranged

from 0.5 (no discrimination) to 1 (perfect discrimina-

tion).6,7 Calibration of the prediction model was performed

by a visual calibration plot comparing the predicted and

actual probabilities of postoperative complications. In

addition, the nomogram was subjected to 1000 bootstrap

resamples for internal validation to assess the predictive

accuracy. All statistical tests were two tailed, with the

alpha threshold of significance set at 0.05.

Total pneumonectomy
(N=1282)

pneumonectomy for pulmonary
malignancy (N=1201)

pneumonectomy for primary
NSCLC (N=1145)

pneumonectomy for NSCLC 
nomogram (N=1052)

pneumonectomy for benign lesion
(N=81)

pneumonectomy for SCLC (N=50)

Completed pneumoectomy (N=9)
incomplete data (N=84)

pneumonectomy for metastasis (N=6)

FIG. 1 Patient enrollment

process. SCLC small cell lung

cancer, NSCLC non-small cell

lung cancer
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TABLE 1 Clinical features of 1052 pneumonectomy patients

Variables Total [N = 1052] No. of patients with

major complications

Percentage of patients

with major complications

Sex

Male 955 205 21.5

Female 97 7 7.2

Age, years

\65 777 144 18.5

C65 275 68 24.7

Symptom

No 136 24 17.6

Yes 916 188 20.5

Smoking history

No 436 88 20.2

Yes 616 124 20.1

FEV1, L [mean ± SD] 2.33 ± 0.59 2.25 ± 0.56

FEV1% [mean ± SD] 80.4 ± 17.7 78.3 ± 19.4

Hemoglobin, g/L [mean ± SD] 133.0 ± 16.9 134.2 ± 16.7

Albumin, g/L [mean ± SD] 39.6 ± 4.2 39.1 ± 4.8

PO2, mmHg [mean ± SD] 85.8 ± 11.4 85.4 ± 13.6

CCI

0 519 80 15.4

1 254 63 24.8

C2 279 69 24.7

COPD

No 787 143 18.2

Yes 265 69 26.0

Operation method

Thoracotomy 860 175 20.3

VATS 192 37 19.3

Side

Left 760 142 18.7

Right 292 70 24.0

Neoadjuvant therapy

No 903 188 20.8

Yes 149 24 16.1

Pathology

Squamous cell carcinoma 709 152 21.4

Adenocarcinoma 246 43 17.5

Others 97 17 17.5

cTNM stage

I 147 24 16.3

II 307 60 19.5

III 565 121 21.4

IV 33 7 21.2

FEV1 forced expiratory volume in 1 s, CCI Charlson Comorbidity Index, COPD chronic obstructive pulmonary disease, VATS video-assisted

thoracic surgery
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RESULTS

The demographic and clinical features of patients are

shown in Table 1. Overall, 93% of patients were male and

the median age was 58.8 years (range 23–79). Postopera-

tive pathology indicated that 709 cases had squamous cell

carcinoma, 246 cases had adenocarcinoma, and 97 cases

had other primary lung cancer. A total of 212 patients

(20.2%) had major complications. The specific complica-

tions and classifications are shown in Fig. 2. The overall

perioperative mortality rate was 1.8% (19/1052).

Selected Factors for the Model

After univariable analysis, variables such as sex, age,

forced expiratory volume in 1 s (FEV1), FEV1%, smoking

history, albumin, arterial PO2, chronic obstructive pul-

monary disease (COPD), Charlson Comorbidity Index

(CCI) score,8,9 neoadjuvant treatment, operation method,

and surgical laterality were entered into the multivariable

logistic regression analysis. Multivariable analyses showed

that major complications were significantly correlated with

male sex (p = 0.001), FEV1 B2 L (p\ 0.023), CCI

[3 (p = 0.007), and right-sided pneumonectomy

(p = 0.003) (Table 2).

Predictive Nomogram for the Probability

of Postoperative Complications

On the basis of the final regression analysis, a nomo-

gram that incorporated the four significant risk factors for

predicting postoperative complication risks was con-

structed (Fig. 3). The total score was calculated using the

parameters of sex (male/female), FEV1 (L), CCI score, and

surgical laterality (right/left). The total score could be

easily calculated by adding the points from each factor. By

projecting the total score to the lower total point scale, we

were able to preoperatively estimate the probability of

postoperative complication risks.

Performance of the Nomogram

Based on the ROC curve analysis, the nomogram

showed a robust discrimination, with an AUC of 0.753

Hypertension, 2, 0%

Difficulty in expectoration/bronchoscope
examination, 93, 19%

Massive pleural effusion/Secondary
drainage, 51, 10%

Pulmonary infection, 39, 8%

Respiratory failure/ARDS, 34, 7%

Bronchopleural fistula, 22, 5%

Perioperative death, 21, 4%
Incision/chest infection, 14, 3% Tracheal intubation, 18, 4%

Cerebral infarction, 7, 1%

Heart failure, 7, 1%

Renal failure, 3, 1%

Stress ulcer/gastric hemorrage, 3, 1%

Arrhythmia: Pacemaker implantation, 1, 0%
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FIG. 2 Classification of complications after pneumonectomy. ARDS acute respiratory distress syndrome
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(95% confidence interval 0.604–0.818) (Fig. 4). A cali-

bration curve of the nomogram is presented in Fig. 5,

which shows that the postoperative major complication risk

probabilities predicted by the nomogram were in good

agreement with the actual probabilities.

DISCUSSION

Based on the currently largest pneumonectomy data-

base, we created a simple intuitive graph of a statistical

predictive model that indicated the risk of postoperative

complications. This may help clinicians in making man-

agement recommendations before surgery when patients

TABLE 2 Logistic regression analysis of the risk of postoperative complications

Variables Univariate

analysis

Multivariable

analysis

OR 95% CI p-Value OR 95% CI p-Value

Sex

Male 1 1

Female 0.193 0.077–0.479 \0.001 0.135 0.040–0.449 0.001

Age, years

\65 1 1

C65 1.524 1.071–2.169 0.019 1.389 0.912–2.115 0.126

COPD

Yes 1 1

No 0.868 0.636–1.1184 0.372 0.770 0.528–1.123 0.174

Smoking history

Yes 1 1

No 0.997 0.734–1.353 0.983 0.890 0.605–1.310 0.555

Arterial PO2, mmHg

B80 1 1

[80 0.875 0.614–1.247 0.461 0.800 0.537–1.193 0.274

Neoadjuvant therapy

Yes 1 1

No 0.730 0.458–1.163 0.185 1.007 0.597–1.697 0.981

Operation method

Thoracotomy 1 1

VATS 1.062 0.715–1.577 0.766 0.699 0.436–1.122 0.138

Side

Left 1 1

Right 1.372 0.992–1.899 0.056 1.788 1.222–2.615 0.003

FEV1, L

B2 1 1

[2 0.588 0.429–0.806 0.001 0.620 0.411–0.936 0.023

ALB, g/L

B35 1 1

[35 1.432 0.934–2.194 0.099 1.140 0.711–1.825 0.587

FEV1%

B70 1 1

[70 0.799 0.567–1.125 0.198 0.842 0.539–1.315 0.450

CCI

B3 1 1

[3 1.878 1.241–2.842 0.003 1.173 1.043–1.318 0.007

ALB albumin, FEV1 forced expiratory volume in 1 s, CCI Charlson Comorbidity Index, COPD chronic obstructive pulmonary disease, VATS
video-assisted thoracic surgery
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are scheduled for pneumonectomy. In the model, FEV1,

CCI score, sex, and right-sided pneumonectomy were

identified as predictive factors of postoperative complica-

tions. Our nomogram displayed optimal discrimination and

excellent calibration in predicting the specific possibility of

postoperative complications.

A large-scale cohort study showed that the mortality rate

of pneumonectomy was 7.8% and the total perioperative

complication rate was 39.2%;10 however, the mortality and

major complication rates in our study were 1.8% and

20.2%, respectively. Several risk-prediction models have

been developed to assess the probability of complications

after pneumonectomy10–12 and some of the factors in these

models are similar to those reported in our study.

Right-sided surgery was a risk factor for the incidence of

bronchopleural fistula in both our study and other literature

because the left bronchial stump is better protected by the

mediastinal tissue.11,13 The right lung accounts for about

55% of the ventilation function of both lungs. Right

pneumonectomy leads to a more obviously imbalanced

ratio of ventilation and blood flow (V/Q) than left pneu-

monectomy;10,14 therefore, acute respiratory distress

syndrome (ARDS), heart failure, and other complications

can easily develop after right pneumonectomy. In addition,

the mediastinum and left lung shift obviously to the right

due to a larger right chest cavity, which can compress the

trachea and lead to right pneumonectomy syndrome.15–17
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FIG. 3 Nomogram for the risk of postoperative complications. FEV1 forced expiratory volume in 1 s, CCI Charlson Comorbidity Index
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The results of this study are consistent with the above lit-

erature. Right-sided pneumonectomy was included in the

nomogram as an important factor.

The age-adjusted CCI index quantifies complications

based on the number and severity of diseases, which can be

used to predict the death risk of diseases. Higher scores are

associated with increased 3-year mortality risk in lung

cancer patients.18–20 Blanc et al. found that the CCI index

was an independent risk factor for ARDS and tracheal

intubation after pneumonectomy,14 while Daffre et al.

pointed out that the CCI index was closely related to

perioperative death.17 In the current study, patients with a

CCI index [3 had more postoperative complications,

which is consistent with the above results. It is very

important to evaluate the basic state of patients prior to

operation.

Pulmonary function examination is important for

pneumonectomy. It is generally believed that patients with

FEV1 [2 L can tolerate pneumonectomy. Studies have

shown that ARDS after pneumonectomy is associated with

poor pulmonary function or COPD;21,22 in our study, 34

patients had postoperative ARDS. The average preopera-

tive FEV1 was significantly lower than patients with minor

complications, which is consistent with the results of pre-

vious study. A small-scale sample study found that FEV1%

of the predicted value was associated with pneumonectomy

survival;23 however, the prediction of FEV1 for postoper-

ative complications is controversial. In a study that

analyzed 146 patients subjected to pneumonectomy, uni-

variable analysis showed a significant association of FEV1

with pulmonary complications, but multivariable analysis

revealed that FEV1 was not an independent factor.24

In our study, male patients were more likely to develop

complications than female patients; however, the number

of male patients was much higher than that of female

patients, which may have led to selection bias. Subgroup

analysis showed that average age, smoking history, and the

CCI score of female patients were lower than those of male

patients, which suggests that the basic state of female

patients was better than that of male patients. Cao et al.

identified that male sex was a risk factor for patients who

underwent robotic anatomic pulmonary resections;25

however, there are few previous reports regarding sex in

relation to the complications of pneumonectomy.

However, contrary to previous reports, factors such as

advanced age and American Society of Anesthesiologists

score[2, were found to be non-significant predictors in our

study. Elderly patients were not inclined to experience

more complications compared with younger age groups.

This phenomenon may be explained by a relatively lower

CCI score and low proportion of elderly patients in the

whole group.

The limitations of our study should be addressed. First,

although our nomogram was built from a multicenter data

resource, selection bias and record collection variation

were inevitable factors in our model. Second, external

validation by additional databases, especially from other

countries, is required. Third, our nomogram only provides

a whole possibility of complication risks and information

on the specific type of postoperative complications was not

available.
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CONCLUSION

We developed an internally validated nomogram for

predicting the risk of postoperative complications for

patients who underwent pneumonectomy. The nomogram

has excellent calibration and might help clinicians to make

individual predictions of complications by reviewing pre-

operative factors prior to surgery, and make precise

recommendations regarding treatment and perioperative

management for patients who have received

pneumonectomy.

APPENDIX 1

See Table 3
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