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Abstract
Purpose  Several vascular measurements in computed tomography (CT) were reported to be indicators of pulmonary hyper-
tension in chronic obstructive pulmonary disease (COPD) patients. We evaluated the usefulness of these parameters as 
predictors of postoperative mortality in lung cancer patients with IIP.
Methods  This retrospective study was performed on 1888 patients. The following CT findings were evaluated: diameter of 
the main pulmonary artery, ascending aorta, and the short axis of the inferior vena cava (IVC). Univariate and multivariate 
analyses were conducted to determine predictors of surgical mortality.
Results  In the IIP patients, the 90-day mortality was 0.8%, and the 2-year mortality was 5.8%. Regarding the 90-day mortality 
in patients with IIP, a multivariate analysis revealed a short axis of IVC > 21 mm [odds ratio (OR) 6.4, p < 0.01) and the risk 
score reported by Japanese Association for Chest Surgery (JACS) (OR 1.4, p = 0.01) as independent predictors. Regarding 
the 2-year mortality in patients with IIP, a multivariate analysis revealed IVC > 21 mm (OR 2.3, p < 0.04), %VC < 80% (OR 
2.4, p = 0.02), and pathological cancer stages II and III vs. I (OR 7.2, p < 0.001) as independent predictors.
Conclusions  Enlargement of the IVC as measured by CT was a significant predictor of mortality after surgery for lung 
cancer with IIP patients.
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Introduction

The prognosis of lung cancer patients with idiopathic inter-
stitial pneumonia (IIP) has been reported to be poor, and 
the indications for surgical resection should be carefully 
considered [1–3]. Furthermore, such indications should be 

determined based on cancer progression and the state of IIP. 
Regarding the state of IIP, the risk of acute exacerbation 
after surgery as well as the prognosis and severity of IIP per 
se influence decision-making.

Pulmonary hypertension (PH) is reported to be associated 
with an increased risk of mortality in patients with pulmo-
nary fibrosis [4, 5]. However, it is unusual to evaluate PH 
and the right heart function by echocardiogram or catheteri-
zation of the heart before surgery. Regarding the evalua-
tion of PH, several papers have described the usefulness of 
measuring diameter of the main pulmonary artery (MPAD) 
or MPAD/aorta ratio (PA–Ao ratio) on computed tomogra-
phy (CT) in chronic obstructive pulmonary disease (COPD) 
patients [6, 7]. However, there are no data concerning the 
relationship between those vascular measurements on CT 
with IIP. Furthermore, there are no reports on the dimension 
of the inferior vena cava (IVC), despite its importance in 
echo diagnoses. In trauma patients, the diameter of the IVC 
on CT rather than an echogram was reported to be useful 
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for evaluating hypovolemia [8, 9]. The measurement of the 
MPA and IVC may be able to be applied for the preopera-
tive assessment of right heart load in patients with IIP and 
to predict the prognosis of lung cancer patients with IIP.

We therefore conducted a retrospective study of patients 
with lung cancer concomitant with IIP based on preoperative 
factors, including several vascular measurements on CT, and 
found that the preoperative radiological vascular dimensions 
were useful for predicting surgical mortality after pulmonary 
resection for lung cancer with IIP.

Methods

Study population

A retrospective study was performed on 1888 patients with 
clinical stage I–III lung cancer who underwent pulmonary 
resection between January 2009 and December 2015 at our 
institute. All patients underwent a preoperative thoracic CT 
scan performed with a slice thickness of ≤ 2 mm using medi-
astinal [level of 40 Hounsfield units (HU), width of 400 HU] 
and lung (level of 600 HU, width of 1600 HU) window set-
tings. All CT findings were reviewed anew by the authors 
(two radiologists: Kazuhiro Suzuki and Akihiro Hotta; one 
pulmonary medicine physician: Kazuhiro Ando; two tho-
racic surgeons: Mariko Fukui and Kazuya Takamochi). We 
diagnosed IIP based on the reported criteria [10–12] and 
classified patients into three groups: usual interstitial pneu-
monia (UIP) pattern, possible UIP pattern, and inconsistent 
with UIP pattern based on the official the American Thoracic 
Society (ATS)/the European Respiratory Society (ERS)/the 
Japanese Respiratory Society (JRS)/the Latin American 
Thoracic Association (ALAT) statement [4]. Patients with 
a reticular shadow, which may be attributed to a displaced 
lung by osteophytes or self-weight consolidation, were 
excluded from the IIP groups. The presence of emphysema 
was also evaluated, and a positive diagnosis was made when 
the emphysema area accounted for more than 10% of the 
lungs. We excluded patients for whom pulmonary resection 
was cancelled due to dissemination (n = 37) and those who 
received chemotherapy or radiotherapy (n = 83) to exclude 
interstitial lung disease from known causes (Fig. 1).

The preoperative evaluation included a complete history, 
physical examination, laboratory findings, arterial blood gas 
analysis, chest X-ray, and pulmonary function tests, as well 
as CT of the chest and abdomen, electrocardiogram, and 
echocardiogram for patients with an abnormal electrocar-
diogram (ECG) or a history of heart disorder. We also used 
a scoring system (JACS score) for predicting acute exacerba-
tion of IIP after pulmonary resection in lung cancer patients 
[13].

In the present study, the same surgical team performed all 
of the surgeries and coordinated the perioperative manage-
ment for all patients. Details of our management have been 
reported previously [14].

The radiological measurement of the vascular 
diameter

The factors we used as indices of the right-side cardiac pres-
sure were the main pulmonary artery diameter (MPAD), 
which is measured as the diameter of the main pulmonary 
artery at the level of its bifurcation (Fig. 2); the ratio of the 

Fig. 1   The demographics of the patients in the present study

Fig. 2   The diameter of the main pulmonary artery at the level of its 
bifurcation (black line) was evaluated. The ascending aorta in the 
same image (white line) was used for measuring the diameter of the 
aorta (Ao)



469Surgery Today (2019) 49:467–473	

1 3

MPAD to the diameter of the aorta at the same level of the 
MPAD (PA–Ao ratio); and the maximum dimension of the 
IVC, which is measured as the short axis of the IVC between 
the left atrium and hepatic vein (Fig. 3).

Definition of surgical outcomes

Operative mortality was defined as death within 30 and 90 
days of resection. Postoperative complications were defined 
to include hypoxia requiring home oxygen therapy, acute 
lung injury (ALI), pneumonia, intractable air leakage requir-
ing adhesion therapy or additional drainage, bronchopleural 
fistula proven by bronchoscope or operative findings of leak-
age, empyema, arrhythmias, and acute exacerbation of IIP 
(defined as worsening of dyspnea and hypoxia from base-
line within 30 days, including new ground-glass abnormality 
and/or consolidation superimposed on a background reticu-
lar or honeycombing pattern). Findings with alternative 
causes, such as left heart failure, aspiration pneumonia, pul-
monary embolism, or identified causes of acute lung injury, 
were excluded from acute exacerbation of IIP. Respiratory 
morbidity in this study was defined as acute exacerbation of 
IIP, hypoxia, ALI, and pneumonia.

Statistical analyses

Predictors of the 90-day mortality were determined by uni-
variate and multivariate analyses using a logistic regres-
sion model. Survival curves were estimated using the 
Kaplan–Meier method. Predictors of the 2-year survival 

were investigated by univariate and multivariate analyses 
using Cox’s proportional hazard model.

All of the statistical analyses were performed using the 
SPSS 24.0 software program (SPSS Inc., Chicago, IL, USA). 
P values of < 0.05 were considered to indicate statistical 
significance.

This study was approved by the ethics committee at our 
institute (2015015).

Results

The clinical characteristics of the IIP patients are shown in 
Table 1. Men and severe smokers were dominant, and the 
average percentage of diffusing capacity of the lung for car-
bon monoxide (%DLCO) was 44.2% ± 15.8%. Emphysema 
was a complication in 52.5% patients with IIP. Regarding the 
surgical procedure, lobectomy or more centered on complete 
resection was performed in 82.6% of cases.

Table 2 shows the dimensions of MPA, IVC, and Ao on 
CT. These average values are roughly the same as previously 
reported (MPA in COPD: 28.7 mm, MPA in non-COPD: 
25.3 mm) [7]. Forty-five patients (18.6%) underwent echo-
cardiography, including 8 patients with an IVC of > 21 mm 
on CT and 1 who was diagnosed with PH by echocardi-
ography. Among the patients with an IVC dimension of 
≤ 21 mm, none had PH.

Morbidities within 30 days and mortality after surgery 
were reviewed and are presented in Table 3. Acute exac-
erbation of IIP occurred in 11 patients (4.5%). The 90-day 
mortality was 5.8%. Causes of death within 90 days were 
acute exacerbation of IIP (n = 4), respiratory failure (n = 2), 
pneumonia (n = 1), sudden death of unknown cause (n = 2) 
and cancer (n = 5).

The 2-year overall survival was 68.0%, and the 2-year 
cancer-specific survival was 81.0%. The survival and cancer-
specific survival of patients with larger IVCs (> 21 mm) was 
not significantly different from those of patients with normal 
IVCs (≤ 21 mm) (log-rank test, p = 0.0518 and p = 0.4677). 
The 2-year survival rates of patients with larger and normal 
IVCs were 55.6% and 71.5%, respectively.

Among patients with IIP, the following predictors of 
90-day mortality were identified based on a univariate 
analysis: JACS score, diffuse and central extension of IIP, 
preoperative arterial blood gas < 70 mmHg, %VC < 80%, 
clinical cancer stage (I vs. II and III), and dimension of 
MPAD > 29 mm, and IVC > 21 mm. A multivariate analysis 
revealed that the JACS score [odds ratio (OR) 1.401, 95% 
confidence interval (CI) 1.082–1.813] and IVC > 21 mm 
(OR 6.896, 95% CI 1.969–24.154) were predictors of 
90-day mortality (Table 4). Regarding the 2-year mortal-
ity in patients with IIP, a multivariate analysis revealed 
IVC > 21 mm (OR 2.333, 95% CI 1.283–4.242), %VC < 80% 

Fig. 3   The short axis of the inferior vena cava (IVC) between the left 
atrium and hepatic vein was measured as the short axis of the IVC
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(OR 1.916, 95% CI 1.099–3.341), diffuse and central exten-
sion of IIP (OR 2.012, 95% CI 1.077–3.760), and patho-
logical cancer stage II and III vs. I (OR 6.206, 95% CI 
3.302–11.664) as independent predictors (Table 5).

Table 6 shows the clinicopathological characteristics clas-
sified by the IVC diameter. The two IVC groups were similar 
in their age, rate of emphysema, clinical and pathological 
stage of lung cancer, and JACS score. The percentages of 
patients with hypoxia (pO2 < 70 mmHg) in the IVC > 21 mm 
and ≤ 21 mm groups were 17.8% and 6.3%, respectively 
(p = 0.013). The percentages of patients with restrictive lung 
disease (%VC < 80%) in the IVC > 21 mm and ≤ 21 mm 
groups were 33.3% and 14.1%, respectively (p = 0.003).

Table 1   Baseline characteristics of the patients

CEA carcinoembryonic antigen, LDH lactate dehydrogenase, KL-
6 sialylated carbohydrate antigen, VC vital capacity, FEV1.0 Forced 
expiratory volume in one second, %DLCO percentage of diffusing 
capacity of the lung for carbon monoxide, JACS Japanese Association 
for Chest Surgery
a p value in the t test
b p value in Chi-square test

Variables

Number of patients 242 (%)
Age (years) 71.9 ± 7.3
Age > 75 years (n) 93 (38.4)
Gender: male (n) 196 (81.0)
Smoking history (pack-years) 51.3 ± 36.5
CEA (ng/mL) 10.1 ± 25.5
Preoperative LDH (IU/L) 208.8 ± 51.3
Preoperative KL-6 (U/mL) 574.0 ± 373.9
FVC (L) 3.13 ± 0.77
%VC 96.3 ± 17.8
%VC < 80% 44 (18.2)
FEV1.0/FVC (L) 2.13 ± 0.51
FEV1.0/FVC < 0.7 89 (36.8)
%DLCO 44.2 ± 15.8
%DLCO < 40% 85 (35.1)
pO2 (mmHg) 83.8 ± 10.5
pO2 < 70 mmHg 20 (8.3)
Radiological type of IIP
 UIP pattern/possible UIP 90 (37.2)
 Inconsistent with UIP 152 (64.8)

Emphysema (CPFE) 127 (52.5)
Distribution (diffuse) 95 (39.3)
Diffuse and central extension of IP 36 (14.9)
JACS score 7.3 ± 3.0
 0–10 163 (67.4)
 11–14 64 (26.4)
 ≥ 15 0

No data 14
Clinical stage
 Stage I 168 (69.4)
 Stage II or III 74 (30.6)

Pathological stage
 Stage I 124 (51.3)
 Stage II or III 116 (47.9)

Histology of lung cancer
 Squamous cell carcinoma 105 (43.4)
 Non-squamous cell carcinoma 137 (56.6)

Procedure
 Lobectomy or more 200 (82.6)
 Limited resection 42 (17.4)

Table 2   Measurement of dilatation MPA, IVC, Ao on computed 
tomography

MPAD main pulmonary artery diameter at the level of its bifurcation, 
Ao diameter of the ascending aorta is at the same level of MPAD, IVC 
maximum diameter of the inferior vena cava between the hepatic vein 
and left atria

Variables

Number of patients 242
IVC > 21 mm 37 (15.5%)
IVC > 25 mm 4 (1.6%)
MPAD > 29 mm 40 (16.5%)
MPAD/Ao > 1.0 16 (6.6%)
Average value
MPAD 26.0 ± 3.6
Ao 34.5 ± 3.8
IVC 18.0 ± 3.5
MPAD/Ao 0.76 ± 0.12
IVC/Ao 0.52 ± 0.14

Table 3   Morbidities within 30 days and mortalities after surgery

a p value in the Chi-square test
b Respiratory morbidity: acute exacerbation of idiopathic interstitial 
pneumonia (IIP), hypoxia, acute lung injury (ALI) and pneumonia

Variables Total

Number of patients 242
Morbidities
 Acute exacerbation of IIP 11 (4.5%)
 Hypoxia that required home oxygen therapy 51 (21.1%)
 Pneumonia 11 (4.5%)
 Intractable air leakage 19 (7.9%)
 Bronchopleural fistula 7 (2.8%)
 Empyema 4 (1.7%)
 Arrhythmias 31 (12.8%)

30-day mortality 2 (0.8%)
90-day mortality 14 (5.8%)
2-year mortality 68 (28.1%)
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Table 4   Results of univariate and multivariate analyses to identify the 90-day mortality in IIP patients

JACS Japanese Association for Chest Surgery, UIP usual interstitial pneumonia, KL-6 sialylated carbohydrate antigen, VC vital capacity, FEV1.0 
Forced expiratory volume in one second, %DLCO percentage of diffusing capacity of the lung for carbon monoxide, MPAD main pulmonary 
artery diameter at the level of its bifurcation, Ao diameter of the assending aorta is at the same level of MPAD, IVC maximum diameter of the 
inferior vena cava between the hepatic vein and left atria
a p value in the logistic regression test

Univariate analysis Multivariate analysis

Variables Odds ratio 95% CI p valuea Odds ratio 95% CI p value

Age > 75 years 0.712 0.217–2.343 0.712
Gender: male 499.021 0.000 0.997
JACS score 1.367 1.076–1.736 0.011 1.401 1.082–1.813 0.010
UIP pattern 1.241 0.945–1.631 0.121
Diffuse and central extension of IIP 3.403 1.072–10.804 0.038
KL-6 ≥ 1000 IU/L 2.653 0.502–14.028 0.251
pO2 < 70 mmHg 3.369 1.857–13.244 0.042
%VC < 80% 4.286 1.364–13.464 0.013
FEV1.0/FVC < 0.7 0.492 0.132–1.837 0.291
%DLCO < 40% 3.247 0.946–11.145 0.061
Surgical procedure 1.063 0.724–1.560 0.755
Cancer stages c-II and III vs. I 3.273 1.093–9.768 0.034
MPAD > 29 mm 4.279 1.397–13.109 0.011
MPAD/Ao ratio > 1.0 2.548 0.519–12.513 0.249
IVC > 21 mm 6.400 2.096–19.538 0.001 6.896 1.969–24.154 0.003

Table 5   Results of univariate and multivariate analyses to identify the two-year mortality in IIP patients

UIP usual interstitial pneumonia, KL-6 sialylated carbohydrate antigen, VC vital capacity, FEV1.0 Forced expiratory volume in one second, 
%DLCO percentage of diffusing capacity of the lung for carbon monoxide, MPAD main pulmonary artery diameter at the level of its bifurcation, 
Ao diameter of the assending aorta is at the same level of MPAD, IVC maximum diameter of the inferior vena cava between the hepatic vein and 
left atria
a p value in the logistic regression test

Univariate analysis Multivariate analysis

Variables Odds ratio 95% CI p valuea Odds ratio 95% CI p value

Age > 75 years 0.883 0.531–1.467 0.631
Gender: male 1.346 1.037–1.747 0.026
UIP pattern 1.173 1.042–1.322 0.008
Diffuse and central extension of IIP 1.847 1.041–3.277 0.036 2.012 1.077–3.760 0.028
KL-6 ≥ 1000 IU/L 1.867 0.832–4.193 0.136
pO2 < 70 mmHg 1.099 0.404–2.989 0.853
%VC < 80% 2.629 1.567-4/4-0 < 0.001 1.916 1.099–3.341 0.022
FEV1.0/FVC < 0.7 0.602 0.350–1.035 0.602
%DLCO < 40% 1.369 0.820–2.286 0.229
Surgical procedure 1.210 0.619–2.368 0.577
Cancer stages p-II and III vs. I 4.376 2.493–7.681 < 0.001 6.206 3.302–11.664 < 0.001
MPAD > 29 mm 1.458 0.832–2.553 0.203
MPAD/Ao ratio > 1.0 0.924 0.336–2.537 0.878
IVC > 21 mm 1.968 1.143–3.390 0.015 2.333 1.283–4.242 0.005
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Discussion

Several previous reports have concluded that pulmonary 
resection for lung cancer complicated with IIP carries an 
extremely high risk and a poor prognosis [10, 15].

In the short term, the coexistence of IIP increases the 
risk of postoperative morbidity, such as acute exacerbation 

(AE) of IIP, pneumonia, bronchopleural fistula, and res-
piratory failure [1–3, 10]. The largest study of the sur-
gical outcome of patients with lung cancer and IIP was 
conducted by the Japanese Association for Chest Surgery 
[10]. This study, which included 1763 patients, reported 
a 30-day mortality of 2.6% and an AE rate of 9.3%. The 
following seven predictors of AE were reported within 
30 days after surgery: surgical procedure, gender, history 
of exacerbation, preoperative steroid use, serum KL-6 lev-
els, IP pattern on CT, and percent predicted vital capacity. 
Sato reported a simple risk score (JACS score) [13] using 
these data. In our study, the JACS score was useful for 
predicting the short-term mortality after surgery. Although 
many useful reports have been published, the investigable 
factors depend on the preoperative examination of lung 
cancer. The factors that are not common as preopera-
tive examination are not usually evaluated even if it was 
reported to be important factor on the estimation severity 
of IIPs. As such, the information including desaturation on 
exercise, %DLCO, and PH evaluated by echocardiography 
tend to be missing.

In the long term, the predictors of the prognosis of lung 
cancer patients with IIP are the cancer stage and natu-
ral history of IIP. Features associated with an increased 
risk of mortality in idiopathic pulmonary fibrosis are a 
%DLCO < 40% of the predicted value, desaturation of < 88% 
during 6-minute walk test, extent of honeycombing on high-
resolution CT, and PH [4]. PH is the most important factor 
that has been detected in many reports [16, 17], but it is 
rarely evaluated before lung cancer surgery. Detecting the 
effect PH by CT would be very meaningful, as CT in the 
inspiration phase is required before lung cancer surgery.

The dimensions of MPA and the PA–Ao ratio on CT were 
reported to be predictors of the outcome in COPD patients 
[6, 7, 18, 19]. However, in the present study, the MPAD 
and PA–A ratio was not significant predictors among IIP 
patients in a multivariate analysis. IIP patients are reported 
to have 1.5- to twofold greater risk of complication by arte-
riosclerosis than non-IIP patients [20, 21], and the MPAD 
and PA–Ao ratio may differ substantially among individuals. 
In our study, the IVC diameter may have indicated the sever-
ity of pulmonary fibrosis. However, the IVC dimension is 
a relatively new factor, it could easily be measured during 
inspiration on CT. And it is likely less affected by other com-
plications such as arteriosclerosis. The cut-off value in this 
study was > 21 mm, which was also used in the assessment 
by echocardiogram [22, 23]. This indicator closely reflected 
the prognosis after surgery in lung cancer patients with IIP.

This study is limited by its single-center design and 
retrospective nature. As such, the details of the operative 
procedures may vary between institutes, and this limits the 
generalizability of our findings. Another limitation involves 
the radiological evaluation, as there was some controversy 

Table 6   A comparison of characteristics between patients with 
IVC > 21 and ≤ 21 mm

CEA carcinoembryonic antigen, LDH lactate dehydrogenase, KL-
6 sialylated carbohydrate antigen, VC vital capacity, FEV1.0 Forced 
expiratory volume in one second, %DLCO percentage of diffusing 
capacity of the lung for carbon monoxide, JACS Japanese Association 
for Chest Surgery
a p value in the t test
b p value in Chi-square test

Variables IVC ≤ 21 mm IVC > 21 mm p

Number of patients 191 (%) 45 (%)
Age (years) 71.7 ± 7.5 71.8 ± 6.9 0.935
Age > 75 years (n) 64 (33.5) 18 (40.0) 0.411
Gender: male (n) 152 (79.6) 40 (88.9) 0.149
Smoking history (pack-years) 45.6 ± 39.9 48.0 ± 41.5 0.723
CEA (ng/mL) 10.6 ± 28.0 8.9 ± 12.7 0.708
Preoperative LDH (IU/L) 207.1 ± 43.4 216.3 ± 79.1 0.347
Preoperative KL-6 (U/mL) 576.8 ± 389.8 580 ± 348.9 0.960
FVC (L) 3.16 ± 0.75 3.14 ± 0.82 0.912
%VC 97.2 ± 16.9 93.4 ± 17.5 0.189
%VC < 80% 27 (14.1) 15 (33.3) 0.003
FEV1.0/FVC (L) 2.17 ± 0.49 2.02 ± 0.53 0.059
FEV1.0/FVC < 0.7 69 (36.1) 19 (42.2) 0.396
%DLCO 45.2 ± 15.8 40.3 ± 16.1 0.088
%DLCO < 40% 60 (31.4) 20 (44.4) 0.093
pO2 (mmHg) 84.6 ± 10.5 80.3 ± 9.9 0.012
pO2 < 70 mmHg 12 (6.3) 8 (17.8) 0.013
Radiological type of IIPs 0.033
 UIP pattern/possible UIP 65 (34.0) 23 (51.1)
 Inconsistent with UIP 126 (66.0) 22 (48.9)
 Emphysema (CPFE) 97 (50.8) 29 (64.4) 0.098
 Diffuse and central extension 

of IP
26 (13.6) 7 (15.6) 0.735

 JACS score 7.5 ± 2.9 8.0 ± 2.8 0.315
Clinical stage 0.698
 Stage I 133 (69.6) 30 (66.7)
 Stage II or III 58(30.4) 15 (33.3)

Pathological stage 0.350
 Stage I 94 (49.2) 25 (55.6)
 Stage II or III 93 (48.7) 18 (40.0)

Histology of lung cancer 0.012
 Squamous cell carcinoma 116 (60.7) 18 (40.0)
 Non-squamous cell carci-

noma
75 (39.3) 27 (60.0)
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between the observers in the radiological evaluation of the 
type of IIP and the vascular dimensions.

However, despite these limitations, we conclude that 
enlargement of the IVC was a significant predictor of the 
90-day and 2-year mortality among IIP patients. Measuring 
the IVC by CT is expected to be simple and useful for these 
patients.
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References

	 1.	 Licker M, de Perrot M, Spiliopoulos A, Robert J, Diaper J, 
Chevalley C et al. Risk factors for acute lung injury after thoracic 
surgery for lung cancer. Anesth Analg 2003;97:1558–1565.

	 2.	 Saito Y, Kawai Y, Takahashi N, Ikeya T, Murai K, Kawabata Y, 
et al. Survival after surgery for pathologic stage IA non-small cell 
lung cancer associated with idiopathic pulmonary fibrosis. Ann 
Thorac Surg. 2011;92:1812–7.

	 3.	 Watanabe A, Higami T, Ohori S, Koyanagi T, Nakashima S, 
Mawatari T. Is lung cancer resection indicated in patients with 
idiopathic pulmonary fibrosis? J Thorac Cardiovasc Surg. 
2008;136:1357–63.

	 4.	 Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr J, Brown KK, 
et al. An official ATS/ERS/JRS/ALAT statement: idiopathic pul-
monary fibrosis: evidence-based guidelines for diagnosis and 
management. Am J Respir Crit Care Med 2011;183:788–824.

	 5.	 Pitsiou G, Papakosta D, Bouros D. Pulmonary hypertension in 
idiopathic pulmonary fibrosis: a review. Respir Int Rev Thorac 
Dis. 2011;82:294–304.

	 6.	 Iyer AS, Wells JM, Vishin S, Bhatt SP, Wille KM, Dransfield MT. 
CT scan-measured pulmonary artery to aorta ratio and echocardi-
ography for detecting pulmonary hypertension in severe COPD. 
Chest. 2014;145:824–32.

	 7.	 Chen X, Liu K, Wang Z, Zhu Y, Zhao Y, Kong H, et al. Computed 
tomography measurement of pulmonary artery for diagnosis of 
COPD and its comorbidity pulmonary hypertension. Int J Chronic 
Obstr Pulm Dis. 2015;10:2525–33.

	 8.	 Yanagawa Y, Nishi K, Sakamoto T, Okada Y. Early diagnosis of 
hypovolemic shock by sonographic measurement of inferior vena 
cava in trauma patients. J Trauma. 2005;58:825–9.

	 9.	 Liao YY, Lin HJ, Lu YH, Foo NP, Guo HR, Chen KT. Does 
CT evidence of a flat inferior vena cava indicate hypovolemia 
in blunt trauma patients with solid organ injuries? J Trauma. 
2011;70:1358–61.

	10.	 Sato T, Teramukai S, Kondo H, Watanabe A, Ebina M, Kishi K, 
et al. Impact and predictors of acute exacerbation of interstitial 
lung diseases after pulmonary resection for lung cancer. J Thorac 
Cardiovasc Surg. 2014;147:1604–1611.

	11.	 Kumar P, Goldstraw P, Yamada K, Nicholson AG, Wells AU, 
Hansell DM, et al. Pulmonary fibrosis and lung cancer: risk and 
benefit analysis of pulmonary resection. J Thorac Cardiovasc 
Surg. 2003;125:1321–27.

	12.	 Colice GL, Shafazand S, Griffin JP, Keenan R, Bolliger CT, Amer-
ican College of Chest P. Physiologic evaluation of the patient 
with lung cancer being considered for resectional surgery: ACCP 
evidenced-based clinical practice guidelines (2nd edition). Chest 
2007;132:161S–177S.

	13.	 Sato T, Kondo H, Watanabe A, Nakajima J, Niwa H, Horio H, 
et al. A simple risk scoring system for predicting acute exacerba-
tion of interstitial pneumonia after pulmonary resection in lung 
cancer patients. Gen Thorac Cardiovasc Surg. 2015;63:164–72.

	14.	 Fukui M, Suzuki K, Oh S, Matsunaga T, Miyasaka Y, Kawagoe 
I, et al. Distribution of interstitial pneumonia: a new radiological 
predictor of 90-day mortality after resection of lung cancer. Surg 
Today. 2016;46:66–73.

	15.	 Sato T, Watanabe A, Kondo H, Kanzaki M, Okubo K, Yokoi K, 
et al. Long-term results and predictors of survival after surgical 
resection of patients with lung cancer and interstitial lung dis-
eases. J Thorac Cardiovasc Surg 2015;149:64–9.

	16.	 Kimura M, Taniguchi H, Kondoh Y, Kimura T, Kataoka K, Nishi-
yama O, et al. Pulmonary hypertension as a prognostic indicator 
at the initial evaluation in idiopathic pulmonary fibrosis. Respir 
Int Rev Thorac Dis. 2013;85:456–63.

	17.	 Cottin V, Cordier JF. The syndrome of combined pulmonary fibro-
sis and emphysema. Chest. 2009;136:1–2.

	18.	 Shen Y, Wan C, Tian P, Wu Y, Li X, Yang T, et al. CT-base 
pulmonary artery measurement in the detection of pulmonary 
hypertension: a meta-analysis and systematic review. Medicine. 
2014;93:e256.

	19.	 Ng CS, Wells AU, Padley SP. A CT sign of chronic pulmonary 
arterial hypertension: the ratio of main pulmonary artery to aortic 
diameter. J Thorac Imaging. 1999;14:270–8.

	20.	 Dalleywater W, Powell HA, Hubbard RB, Navaratnam V. Risk 
factors for cardiovascular disease in people with idiopathic pulmo-
nary fibrosis: a population-based study. Chest. 2015;147:150–56.

	21.	 Hubbard RB, Smith C, Le Jeune I, Gribbin J, Fogarty AW. The 
association between idiopathic pulmonary fibrosis and vascular 
disease: a population-based study. Am J Respir Crit Care Med. 
2008;178:1257–61.

	22.	 Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, 
Ernande L, et al. Recommendations for cardiac chamber quanti-
fication by echocardiography in adults: an update from the Ameri-
can Society of Echocardiography and the European Association 
of Cardiovascular Imaging. Eur Heart J Cardiovasc Imaging. 
2015;16:233–70.

	23.	 Brennan JM, Blair JE, Goonewardena S, Ronan A, Shah D, 
Vasaiwala S, et al. Reappraisal of the use of inferior vena cava 
for estimating right atrial pressure. J Am Soc Echocardiogr. 
2007;20:857–61.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	The maximum dimension of the inferior vena cava is a significant predictor of postoperative mortality in lung cancer patients with idiopathic interstitial pneumonia
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study population
	The radiological measurement of the vascular diameter
	Definition of surgical outcomes
	Statistical analyses

	Results
	Discussion
	References


