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Abstract

Background: Acute exacerbation of interstitial pneumonia (AE-IP) is a serious complication of pulmonary surgery in
patients with IP. However, little is known about AE-IP after non-pulmonary surgery. The aim of this study was to
determine the frequency of AE-IP after non-pulmonary surgery and identify its risk factors.

Methods: One hundred and fifty-one patients with IP who underwent pulmonary surgery and 291 who underwent
non-pulmonary surgery were retrospectively investigated.

Results: AE-IP developed in 5 (3.3%) of the 151 patients in the pulmonary surgery group and 4 (1.4%) of the 291 in
the non-pulmonary surgery group; the difference was not statistically significant. A logistic regression model
showed that serum C-reactive protein (CRP) was a predictor of AE-IP in the non-pulmonary surgery group (odds
ratio 1.187, 95% confidence interval 1.073–1.344, P = 0.002).

Conclusions: This is the first study to compare the frequency of AE-IP after pulmonary surgery with that after non-
pulmonary surgery performed under the same conditions. The results suggest that the frequency of AE-IP after
non-pulmonary surgery is similar to that after pulmonary surgery. A high preoperative C-reactive protein level is a
potential risk factor for AE-IP after non-pulmonary surgery.
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Background
Acute exacerbation of interstitial pneumonia (AE-IP) is
a serious complication of pulmonary surgery and is
associated with high mortality [1–5]. Resection of lung
cancer has been reported to be one of the risk factors
for AE-IP, and acute exacerbation (AE) has been re-
ported to occur after surgery in 9.5–22.5% of patients
with IP [6–13]. A simple risk scoring system that in-
cludes type of surgical procedure, patient sex, history of
exacerbation, preoperative steroid use, the serum Klebs

von den Lungen (KL)-6 level, whether or not usual inter-
stitial pneumonia (UIP) is detected on computed tomog-
raphy (CT), and percentage predicted vital capacity has
been developed in Japan for prediction of AE-IP after pul-
monary resection in patients with lung cancer [14]. How-
ever, only three studies have investigated postoperative
AE-IP in patients undergoing non-pulmonary surgery [1,
15–17]. In one of these studies, AE-IP was reported to
occur in 7.8% of patients with idiopathic IP, and the only
risk factor identified was administration of propofol [16].
In addition, other study reported that AE-IP occurred
6.3% of patients with interstitial lung disease, and only
high preoperative C-reactive protein (CRP) level was iden-
tified a risk factor [17]. However, there has been no report
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comparing the frequency of postoperative AE-IP in pa-
tients undergoing pulmonary surgery with that in those
undergoing non-pulmonary surgery at the same institu-
tion. The first aim of this study was to determine the fre-
quency of postoperative AE-IP in patients undergoing
non-pulmonary surgery and compare it with that in those
undergoing pulmonary surgery at the same institution.
The second aim was to identify the risk factors for
postoperative AE-IP in patients who have undergone
non-pulmonary surgery.

Methods
Study population and covariates
The study protocol was approved by the Institutional
Review Board at Nagasaki University Hospital (approval
number 17112011) and conducted in accordance with
the Declaration of Helsinki. Informed consent was not
required in view of the retrospective study design and
the anonymity of the patient records reviewed, pursuant
to the ethical guidelines of the Japanese Ministry of
Health, Labor, and Welfare. The study population com-
prised a cohort of consecutive patients with IP detected
by high-resolution CT (HRCT) who underwent surgery
under general anesthesia at Nagasaki University Hospital,
Nagasaki, Japan, from April 2008 to October 2017. Pre-
operative chest HRCT images were used to identify IP.
Preoperative patient characteristics, laboratory findings,
and anesthetic management obtained from the clinical re-
cords were compared between patients who experienced
AE-IP postoperatively and those who did not.

Diagnostic criteria for acute exacerbation
Previously published criteria were used to define postop-
erative AE-IP, i.e., onset within 30 days after surgery,
extra-parenchymal cause excluded, and new bilateral
ground glass opacity/consolidation on CT not fully ex-
plained by cardiac failure or fluid overload [18]. Patients
with cardiac failure and fluid overload were excluded by
echocardiography and responded to diuretics. Pulmonary
infections were evaluated by sputum and blood culture,
and other serological and urinary studies for the following
pathogens and pathogen components including Myco-
plasma pneumoniae, cytomegalovirus antigen, β-D glucan,
Legionella spp., and Streptococcus pneumoniae.

Evaluation of HRCT findings
The HRCT scans of the chest were interpreted inde-
pendently and in random order by two pulmonary radi-
ologists (ST, KA) without knowledge of the clinical
status of the patients. Divergent observations were re-
solved by consensus after consultation between the two
observers. All the HRCT scans were acquired in the 6
months before surgery. Chest CT images were classified
according to the ATS/ERS/JRS/ALAT guidelines [19].

Based on the guidelines, UIP or probable UIP pattern
was categorized into a UIP group and indeterminate UIP
pattern or alternative diagnostic findings were catego-
rized into a non-UIP pattern. Patients with UIP or prob-
able UIP pattern of unknown cause were diagnosed to
have idiopathic pulmonary fibrosis (IPF).

JACS risk score
The risk of AE-IP after surgery can be defined according
to the JACS (Japanese Association for Chest Surgery) risk
score [14]. Briefly, this score is derived as follows: 5 × (his-
tory of AE) + 4 × (surgical procedures: segmentectomy,
lobectomy, bilobectomy, pneumonectomy) + 4 × (UIP ap-
pearance on CT scan) + 3 × (male sex) + 3 × (preoperative
steroid use) + 2 × (elevated serum sialylated carbohydrate
antigen, KL-6 level: over 1000U) + 1 × (low vital capacity:
less than 80%).

Statistical analysis
The data are presented as the frequency for categorical
variables and as the median and interquartile range
(IQR) for quantitative variables. Univariate (Wilcoxon
rank-sum and chi-squared tests) and logistic regression
analyses were performed to identify differences between
the pulmonary surgery group and the non-pulmonary
surgery group and possible risk factors for AE-IP. Firth
penalized logistic regression was used in the analyses of
smoking history, neoadjuvant chemotherapy and lung
infection (a surgical complication) in the pulmonary sur-
gery group, male sex, corticosteroid therapy, past acute
exacerbation, KL-6 level ≥ 1000 U/mL, and lung infec-
tion (a surgical complication) in the non-pulmonary
surgery group because of quasi-complete separation. All
P-values were two-sided and considered statistically sig-
nificant when less than 0.05. All the statistical analyses
were performed using the JMP Pro software program
(version 13.0.0; SAS Institute, Inc., Cary, NC, USA).

Results
Subject characteristics
Retrospective review of the clinical records identified 50,
394 patients who underwent surgery under general
anesthesia from April 2008 to October 2017. Of these pa-
tients, 1789 had IP. In total, 1345 patients were excluded
because they had not undergone HRCT (n = 422), did not
have IP confirmed on HRCT of the chest (n = 905), were
lung transplant recipients (n = 5), or underwent further
surgery within 30 days from the previous surgery (n = 13),
leaving data for 444 patients available for inclusion in the
study. One hundred and fifty-one of the patients under-
went pulmonary surgery and 293 underwent non-
pulmonary surgery (Fig. 1). No patients were treated by
antifibrotic agents at the time of surgery. Ninety-nine
(65.1%) of the 151 patients in the pulmonary surgery
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group underwent operations for lung cancer and 53
(34.9%) for other lung conditions. The pulmonary surgery
group underwent segmentectomy (39.7%), lobectomy
(11.9%), or pneumonectomy (48.3%). The procedures per-
formed in the 291 patients in the non-pulmonary surgery
group were intestinal (n = 78, including 3 esophagus, 16
stomach, and 59 small intestine and colon), orthopedic
(n = 74), cardiac (n = 44), hepatic, gallbladder, or pancre-
atic (n = 19), otolaryngologic (n = 18), breast (n = 15), uro-
logical (n = 12), neurosurgery (n = 9), gynecologic (n = 10),
or other (n = 11). The characteristics of each group are
shown in Table 1. The proportions of patients who were
male (76.2% vs 59.5%, pulmonary surgery vs non-
pulmonary surgery, respectively), had a history of smoking
(70.1% vs 65.0%), %DLCO on pulmonary function tests
(65.2% vs 51.3%), and tumor surgery (63.6% vs 41.9%)
were higher in the pulmonary surgery group than in the
non-pulmonary surgery group. In the pulmonary surgery
group, 92 patients (61.9%) had pulmonary diseases other
than IPF, including 63 (41.7%) with idiopathic interstitial
pneumonias other than IPF, 21 (13.9%) with connective
tissue disease-related IP, 3 (1.9%) with chronic hypersensi-
tivity pneumonia, and 5 (3.3%) with other conditions. In
the non-pulmonary surgery group, 202 patients (69.4%)
had pulmonary disease other than IPF, including 99
(34.0%) with idiopathic interstitial pneumonias other than

IPF, 93 (32.0%) with connective tissue disease-related IP, 3
(1.0%) with chronic hypersensitivity pneumonia, and 7
(2.4%) other conditions. The JACS risk score was higher
in the pulmonary surgery group (9.5) than in the non-
pulmonary surgery group (7.0). The patients who under-
went pulmonary surgery were younger than those who
underwent non-pulmonary surgery (mean age 69 years vs
71 years). Fewer patients in the pulmonary surgery group
had received corticosteroid therapy (17.3% vs 29.6%). The
serum LDH (193U/L vs 206 U/L), frequency of emergency
surgery (0.0% vs 4.4%), and frequency of neoadjuvant
chemotherapy (1.1% vs 9.8%) were lower in the pulmonary
surgery group than in the non-pulmonary surgery group.
AE-IP developed in 5 (3.3%) of the 151 patients who
underwent pulmonary surgery and in 4 (1.4%) of the 291
who underwent non-pulmonary surgery; the difference
was not statistically significant (Table 1). Other surgical
complications occurred in 18 (11.9%) of the patients in
the pulmonary surgery group and in 40 (13.7%) in the
non-pulmonary surgery group; the difference was not sta-
tistically significant. Lung infections occurred as a surgical
complication in 10 patients (6.6%) in the pulmonary sur-
gery group and in 8 patients (2.8%) in the non-pulmonary
surgery group; again, the difference was not statistically
significant. Other complications associated with the surgi-
cal procedure were suture failure, organ fistula and

50394 patients underwent general anesthesia surgery 

1789 patients underwent general anesthesia surgery 
with IP (in medical record information)

442 patients underwent general anesthesia surgery with IP

48605 patients underwent general anesthesia surgery 
without IP (in medical record information)

1345 patients underwent general anesthesia surgery with IP  
(in medical record information) included; 
422 patients without HRCT evaluation
907 patients without IP evaluation by HRCT
5 recipients of lung transplant surgery 
13 patients underwent next surgery 30 days from the last   
surgery  

151 patients underwent general anesthesia with IP
in pulmonary surgery 

291 patients underwent general anesthesia with IP
in non-pulmonary surgery 

Fig. 1 Study design. A retrospective review of clinical records identified 50,394 patients who underwent surgery under general anesthesia from
April 2008 to October 2017. Of these, 1789 patients had interstitial pneumonia (IP). In total, 1345 patients were excluded because they had not
undergone HRCT (n = 422), did not have IP confirmed on HRCT of the chest (n = 907), were lung transplant recipients (n = 5), or underwent
further surgery within 30 days of the previous surgery (n = 13), leaving data for 442 patients available for inclusion in the study. One hundred and
fifty-one patients underwent pulmonary surgery and 291 underwent non-pulmonary surgery with IP
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subcutaneous emphysema (n = 16; 3 in the pulmonary
surgery group and 13 in the non-pulmonary surgery
group), arrhythmia (n = 4; 1 in the pulmonary surgery
group and 3 in the non-pulmonary surgery group), sepsis
(n = 3; all in the non-pulmonary surgery group), wound
infection (n = 3; all in the non-pulmonary surgery group)
and ileus (n = 3; 1 in the pulmonary surgery and 2 in the
non-pulmonary surgery group), and others.

Characteristics of patients in the two study groups who
developed AE-IP
In the pulmonary surgery group, more patients who de-
veloped AE-IP had received corticosteroid therapy pre-
operatively (60.0% vs 15.8%) than those who did not;
serum CRP levels were also higher in the patients who

developed AE-IP than in those who did not (0.54 mg/dL
vs 0.21 mg/dL). However, there were no significant dif-
ferences in any of the variables measured between the
patients who developed AE-IP and those who did not in
the non-pulmonary surgery group (Table 2). CRP levels
in patients who developed AE-IP tended to be higher
than those in patients who did not in the non-
pulmonary surgery group, but not significantly so (7.10
mg/dL vs 0.24 mg/dL, P = 0.068). The details of patients
who developed AE-IP is shown in Additional file 1.

Risk factors for AE-IP in pulmonary and non-pulmonary
surgery
Table 3 showed the risk factors for acute exacerbation in
the pulmonary and non-pulmonary surgery groups.

Table 1 Characteristics of patients who underwent pulmonary surgery or non-pulmonary surgery

Characteristics Pulmonary surgeries Non-pulmonary surgeries P value

% or (IQR) [n] % or (IQR) [n]

N, no 151 34.0% 291 66.0%

Acute exacerbation, no 5 3.3% [151] 4 1.4% [291] P = 0.284

Age, median 69 (65.0–78.0) [151] 71 (63.0–75.0) [291] p = 0.027†

Sex Male, no 115 76.2% [151] 173 59.5% [291] p = 0.001†

BMI (kg/m2), median 22.1 (19.7–24.9) [151] 22.6 (19.8–24.8) [291] p = 0.503

History of smoking, no 114 78.6% [145] 158 64.8% [244] p = 0.004†

IPF or other IP, no 59 39.1% [151] 89 30.6% [291] p = 0.089

Corticosteroids therapy, no 26 17.3% [151] 86 29.6% [291] p = 0.006†

Past acute exacerbation, no 2 1.3% [151] 7 2.4% [291] p = 0.725

HRCT findings

UIP pattern, no 74 49.0% [151] 130 44.7% [291] p = 0.421

Emphysema, no 77 51.0% [151] 106 36.7% [291] p = 0.004†

Pulmonary function test

%VC, median (%) 98.5 (85.1–112.8) [140] 96.5 (79.9–107.9) [236] p = 0.089

FEV1/FVC, median (%) 76.7 (68.2–82.6) [140] 77.8 (71.5–83.7) [236] p = 0.049†

%DLCO, median (%) 65.2 (53.5–81.5) [127] 51.3 (41.7–70.1) [49] p = 0.001†

KL-6, median (U/mL) 487 (311–825.5) [145] 547 (337–923.5) [145] p = 0.307

LDH, median (U/L) 193 (170–224) [150] 206 (179–254.5) [284] p = 0.008†

CRP, median (mg/dL) 0.21 (0.1–0.6) [151] 0.25 (0.1–1.2) [287] p = 0.169

JACS risk score, median 10 (6.8–11) [138] 7 (4–8) [133] p < 0.001†

Emergency surgery, no 0 0% [151] 12 4.1% [291] p = 0.010†

Tumor surgery, no 96 63.6% [151] 122 41.9% [291] p < 0.001†

Neoadjuvant chemotherapy, no 1 1.1% [94] 12 9.8% [122] p = 0.008†

Anesthesia time, median (min) 273 (191–336) [141] 271 (187–388) [277] p = 0.409

Amount of bleeding, median (mL) 70 (15.0–180.5) [141] 110 (23.0–450.0) [275] p = 0.002†

Lung infection 10 6.6% [151] 8 2.8% [291] p = 0.073

(surgical complication), no

IQR interquartile range, BMI body mass index, IPF idiopathic pulmonary fibrosis, IP interstitial pneumonia, HRCT high resolution computed tomography, UIP usual
interstitial pneumonia, VC vital capacity, FEV1/FVC forced expiratory volume in 1 second/forced vital capacity, DLCO diffusing capacity for carbon monoxide, KL-6
Klebs von den Lungen-6, LDH lactate dehydrogenase, CRP C-reactive protein, JACS Japanese association for chest surgery
†; P value < 0.05, Fisher’s exact test or Wilcoxon test
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Logistic regression analysis identified corticosteroid ther-
apy (odds ratio 35.75, 95% confidence interval 1.267–
1026, P = 0.039) and a past history of AE-IP (odds ratio
36.25, 95% confidence interval 1.285–1040, P = 0.038) to
be significant predictors of AE-IP after pulmonary sur-
gery and serum CRP (odds ratio 1.187, 95% confidence
interval 1.073–1.345, P = 0.002) to be the only predictor
of AE-IP after non-pulmonary surgery.

Discussion
In this study, there was no significant difference in the
proportion of patients who developed AE-IP after pul-
monary surgery and those who developed AE-IP after
non-pulmonary surgery (3.3% vs 1.4%). This is the first
retrospective study to compare the frequency of AE-IP
after non-pulmonary surgery with that after pulmonary
surgery at the same institution.
The literature on AE-IP in patients undergoing non-

pulmonary surgery is very limited [15–17]. AE-IP has been
reported to occur in 6.3–7.8% of patients with IP after
non-pulmonary surgery [16, 17]. However, the frequency
of AE-IP after non-pulmonary surgery in the present study
was lower than that in the previous studies. Furthermore,
AE-IP developed in 5 (3.3%) of 151 patients after pulmon-
ary surgery in our study. This figure is similarly lower than

that in previous studies (9.5–22.5%) [6–12] and also lower
than in our previous study (8.5%) that was conducted at
the same hospital as the present study [20]. We believe that
this difference in frequency of AE-IP reflects differences in
patient selection. The data for patient age, proportion of
men, physical data, laboratory data, and the UIP pattern
found on chest HRCT were not markedly different be-
tween the studies. However, several reasons for the differ-
ence in frequency between our previous study and the
present one might be considered. First, the surgical proce-
dures performed in the present study were less invasive
than those in our previous study. Segmentectomy, lobec-
tomy, and pneumonectomy were performed in fewer pa-
tients in the present study than in the previous one (65.1%
vs 76.3%). Another reason for the lower frequency of AE-
IP in this study may be that the IP was less severe than that
in the previous studies. Our present study included pa-
tients with IP who only had a slight reticular shadow on
chest HRCT. Moreover, the serum LDH level (median 212
U/L vs 193 U/L) and KL-6 level (median 845.5U/mL vs
487U/mL) in the present study were lower and the
%DLCO (54.4% vs 65.2%) in the present study was higher
than in our previous study. The rate of postoperative AE-
IP (3.3%) in the present study was lower than the rates in
the studies reported by Maniwa et al. (9.7%) [12] and Sato

Table 2 Characteristics of patients who developed acute exacerbation in pulmonary or non-pulmonary surgery

N/A not available, NC not calculable, BMI body mass index, IPF idiopathic pulmonary fibrosis, IP interstitial pneumonia, HRCT high resolution computed
tomography, UIP usual interstitial pneumonia, VC vital capacity, FEV1/FVC forced expiratory volume in one second/forced vital capacity, DLCO diffusing capacity for
carbon monoxide, KL-6 Klebs von den Lungen-6, LDH lactate dehydrogenase, CRP C-reactive protein, JACS Japanese association for chest surgery
†; P value < 0.05, Fisher’s exact test or Wilcoxon test
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et al. (9.3%) [8]; furthermore, our rates of male sex (75.7%
vs 90.3 and 90.4%, respectively) and surgical procedures
other than wedge resection (65.1% vs 98.1 and 84.7%) were
lower than those in the two previous studies. Moreover,
the median KL-6 level in our study (487 U/mL) was lower
than that in the study by Maniwa et al. (759 U/mL). There-
fore, we speculate that the IP in our study might have been
less severe than that in previous studies in non-pulmonary
surgery, given that patients were enrolled in the pulmonary
and non-pulmonary surgery groups using the same
methods. The annual incidence of adjudicated AE-IPF
events was reported to be lower than 5% in the placebo
groups included in most of the recent clinical trials [21].
The frequency of AE-IP after pulmonary surgery was lower
in the present study than in our previous study, but the

frequency of postoperative AE-IP was higher than the fre-
quency of AE-IPF events within 90 days as estimated from
the annual incidence of AE-IPF (under 1.23%). However,
the rate of postoperative AE-IP was not significantly differ-
ent between the pulmonary and non-pulmonary surgery
groups. Therefore, we should assess patients carefully and
explain their risk of an AE-IP whether they are undergoing
non-pulmonary or pulmonary surgery. In one study, the
mortality rate among patients in whom AE-IP was de-
tected on routine HRCT within a few days postoperatively
was reported to be lower than in those who did not have
routine HRCT; it was speculated that the most important
reason for the lower mortality rate in the group that under-
went routine HRCT was that AE-IP was detected early,
resulting in earlier initiation of treatment [22]. In this

Table 3 Risk factors for acute exacerbation in pulmonary and non-pulmonary surgeries

Charactaristics Pulmonary surgeries Non-pulmonary surgeries

OR (95% CI) P value OR (95% CI) P value

Age, median 0.997 (0.941–1.094) p = 0.940 0.951 (0.868–1.057) p = 0.332

Sex Male −/a 1.261 (0.179–25.09) p = 0.835 NC NC NC

BMI (kg/m2) 0.817 (0.601–1.055) p = 0.129 1.114 (0.855–1.438) p = 0.414

History of smoking a/− 1.779 (0.586–20.47) p = 0.224 1.099 (0.103–26.63 p = 0.944

IPF or other IP, IPF 6.618 (0.949–131.1) p = 0.569 2.299 (0.272–19.40) p = 0.415

Corticosteroid therapy −/a 35.750 (1.267–1026) p = 0.039† 0.517 (0.044–1.570) p = 0.176

Past acute exacerbation −/a 36.250 (1.285–1040) p = 0.038† 2.039 (0.174–6.686) p = 1.000

HRCT findings

UIP pattern 4.343 (0.624–86.00) p = 0.146 1.242 (0.147–10.46) p = 0.830

Emphysema 4.000 (0.575–79.20) p = 0.172 1.740 (0.206–14.67) p = 0.585

Pulmonary function test

%VC 0.985 (0.931–1.039) p = 0.582 0.978 (0.924–1.035) p = 0.445

%VC < 80% 2.115 (0.096–22.89) p = 0.566 1.508 (0.069–16.02) p = 0.745

FEV1/FVC 0.986 (0.894–1.101) p = 0.791 1.014 (0.915–1.157) p = 0.820

%DLCO 1.039 (0.995–1.087) p = 0.081 1.000 (0.997–1.003) p = 0.946

KL-6 1.000 (0.999–1.001) p = 0.469 1.000 (0.997–1.003) p = 0.601

KL-6 > 1000 U/mL −/a 1.150 (0.058–8.193) p = 0.904 3.765 (0.857–45.74) p = 0.113

LDH 1.012 (0.995–1.027) p = 0.153 1.004 (0.999–1.007) p = 0.125

CRP 1.126 (0.844–1.345) p = 0.324 1.187 (1.073–1.344) p = 0.002†

JACS risk score 1.554 (0.983–2.780) p = 0.061 1.363 (0.779–2.301) p = 0.261

Emergency surgery NC NC NC 8.363 (0.396–71.64) p = 0.139

Tumor surgery 0.855 (0.138–6.643) p = 0.867 1.391 (0.165–11.72) p = 0.743

Neoadjuvant chemotherapy a/− 2.936 (0.235–14.01) p = 1.000 9.909 (0.375–262.9) p = 0.144

Anesthesia time 1.002 (0.993–1.009) p = 0.733 1.002 (0.996–1.006) p = 0.406

Amount of bleeding 0.999 (0.992–1.003) p = 0.778 1.000 (0.998–1.000) p = 0.866

Lung infection a/a 1.088 (0.093–3.421) p = 1.000 1.912 (0.164–6.234) p = 1.000

(surgical complication)

OR odds ratio, CI confidence interval, NC not calculable, BMI body mass index, IPF idiopathic pulmonary fibrosis, HRCT high solution computed tomography, UIP
usual interstitial pneumonia, VC vital capacity, FEV1/FVC forced expiratory volume in 1 second/forced vital capacity, DLCO diffusing capacity for carbon monoxide,
KL-6 Klebs von den Lungen-6, LDH lactate dehydrogenase, CRP C-reactive protein, JACS Japanese association for chest surgery
†; P value < 0.05, Logistic regression analysis, aPenalized Firth correction applied due to quasi-complete data separation
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study, only 5 patients in the pulmonary surgery group and
4 in the non-pulmonary surgery group developed AE-IP
postoperatively. However, the numbers were small, so it is
possible that a difference could be demonstrated between
these groups when a large-scale multicenter study is per-
formed in the future. The only potential risk factor for AE-
IP after non-pulmonary surgery in this study was the CRP
level. A recent study found that a high preoperative CRP
level was a risk factor for AE-IP after non-pulmonary sur-
gery [17]. Our study supports the finding of that study.
Several previous studies have suggested viral infection as a
possible cause of AE-IP [23, 24] and there has been a re-
port indicating that the CRP level is a significant prognos-
tic factor in AE-IP [1]. These findings suggest that
inflammation could be one of the pathogenic mechanisms
contributing to AE-IP [1, 25]. However, CRP levels have
also been reported to be elevated in both infection and
AE-IP, but are much higher in infection than in AE-IP [1].
The finding that the serum CRP level is a predictor of AE-
IP suggests that acute respiratory distress syndrome
(ARDS) may have been triggered by infection in our pa-
tients who underwent non-pulmonary surgery. ARDS is a
clinical syndrome that is defined as the rapid onset of hyp-
oxia with a partial pressure of oxygen in arterial blood/frac-
tion inspired oxygen ratio of ≤300 and bilateral pulmonary
infiltrates in the absence of left atrial hypertension; the
overall in-hospital mortality of patients with ARDS is be-
lieved to exceed 30% [26, 27]. The typical pathologic fea-
ture of AE-IP is diffuse alveolar damage (DAD) [28, 29],
which is also the histologic hallmark of ARDS, although
this feature can be found on biopsy in only about half of
patients meeting the clinical criteria for a diagnosis of
ARDS [30]. Clinical signs of ARDS, including HRCT find-
ings, are very similar to those of AE-IP [31]. Therefore,
correct diagnosis of AE-IP is difficult in the clinical setting,
particularly in terms of ruling out ARDS [31, 32]. The fre-
quency of ARDS after non-cardiothoracic, vascular, and
trauma surgery has been reported to be 0.2% [33, 34],
which is lower than that of postoperative AE-IP in the pa-
tients who underwent non-pulmonary surgery in our
study. Corticosteroid therapy and a past history of AE-
IP were potential risk factors for AE-IP after pulmon-
ary surgery in the present study and were reported to
be one of the risk factors for AE-IP after pulmonary
resection in patients with lung cancer [14]. However,
corticosteroid therapy and a past history of AE-IP
were not risk factors for AE-IP in our non-pulmonary
surgery group, which might reflect the small number
of cases of AE-IP in the present study or other mecha-
nisms between pulmonary and non-pulmonary AE-IP.
A previous study reported that use of propofol was a
predictor of AE-IP in patients undergoing non-
pulmonary surgery [16]. However, propofol was not a
predictive factor in the present study, although almost

all of the patients received propofol when they under-
went surgery.
This study has several limitations that should be con-

sidered when interpreting the results. The first is its
retrospective single-center design. There was a lot of
missing data, which might have affected the incidence of
AE-IP in our study population, especially in the non-
pulmonary surgery group. Second, we had very few cases
because the frequency of AE-IP after surgery was low. A
randomized study containing a sufficient number of pa-
tients to allow a statistical analysis is now required to
identify the frequency and risk factors for postoperative
AE-IP in patients undergoing non-pulmonary surgery.

Conclusions
This is the first retrospective study to compare the fre-
quency of AE-IP after pulmonary surgery with that after
non-pulmonary surgery. Our results suggest that the inci-
dence of postoperative AE-IP in patients undergoing non-
pulmonary surgery is slightly lower but not significantly
different from that in those undergoing pulmonary sur-
gery. An elevated preoperative CRP level is a possible risk
factor for AE-IP after non-pulmonary surgery. A multi-
center study is now needed to clarify the preoperative risk
factors for AE-IP after non-pulmonary surgery.

Additional file

Additional file 1: Characteristics of patients with developing acute
exacerbation of interstitial pneumonia. (XLSX 11 kb)

Abbreviations
AE-IP: Acute exacerbation of interstitial pneumonia; ARDS: Acute respiratory
distress syndrome; CRP: C-reactive protein; CT: Computed tomography;
DAD: Diffuse alveolar damage; HRCT: High resolution computed
tomography; IP: Interstitial pneumonia; IPF: Idiopathic pulmonary fibrosis;
IQR: Interquartile range; JACS: Japanese Association for Chest Surgery; KL-
6: Klebs von den Lungen-6; OR: Odds ratio; UIP: Usual interstitial pneumonia

Acknowledgments
We acknowledge Dr. Shuntaro Sato, a statistician at the Clinical Research Center,
Nagasaki University Hospital, for help that comment for statistical method. We
also acknowledge the patients and staff who participated in this research.

Authors’ contributions
TM, TK, and NS were involved in drafting the article. ST and KA interpreted the
HRCT scans. DT, TM, TT and TN provided the dates of surgery. DO, HY, SH, HI, TK,
HY, YO, YI, and HM were involved in critically revising the article for important
intellectual content. All authors read and approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
This study protocol was approved by the Institutional Review Board at
Nagasaki University Hospital (approval number 17112011) and conducted in
accordance with the Declaration of Helsinki. Informed consent was not

Miyamura et al. Respiratory Research          (2019) 20:154 Page 7 of 9

https://doi.org/10.1186/s12931-019-1128-5


required in view of the retrospective study design and the anonymity of the
patient records reviewed, pursuant to the ethical guidelines of the Japanese
Ministry of Health, Labor, and Welfare.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Respiratory Medicine, Nagasaki University Graduate School of
Biomedical Sciences, 1-7-1 Sakamoto, Nagasaki 852-8501, Japan.
2Department of Surgical Oncology, Nagasaki University Graduate School of
Biomedical Sciences, 1-7-1 Sakamoto, Nagasaki 852-8501, Japan.
3Department of Nursing, Nagasaki University Graduate School of Biomedical
Sciences, 1-7-1 Sakamoto, Nagasaki 852-8520, Japan. 4Department of Clinical
Oncology, Nagasaki University Graduate School of Biomedical Sciences, 1-7-1
Sakamoto, Nagasaki 852-8501, Japan.

Received: 6 November 2018 Accepted: 8 July 2019

References
1. Alt E, Yan Y, Gehmert S, Song YH, Altman A, Gehmert S, Vykoukal D,

Bai X. Fibroblasts share mesenchymal phenotypes with stem cells, but
lack their differentiation and colony-forming potential. Biol Cell. 2011;
103:197–208.

2. Simon-Blancal V, Freynet O, Nunes H, Bouvry D, Naggara N, Brillet PY, Denis
D, Cohen Y, Vincent F, Valeyre D, Naccache JM. Acute exacerbation of
idiopathic pulmonary fibrosis: outcome and prognostic factors. Respiration.
2012;83:28–35.

3. Usui Y, Kaga A, Sakai F, Shiono A, Komiyama KI, Hagiwara K et al. A cohort
study of mortality predictors in patients with acute exacerbation of chronic
fibrosing interstitial pneumonia. 2013;3(7):e002971.

4. Kumar P, Goldstraw P, Yamada K, Nicholson AG, Wells AU, Hansell DM,
RM DB, Ladas G. Pulmonary fibrosis and lung cancer: risk and benefit
analysis of pulmonary resection. J Thorac Cardiovasc Surg. 2003;125:
1321–7.

5. Isabela C, Silva S, Muller NL, Fujimoto K, Kato S, Ichikado K, Taniguchi H,
Kondoh Y, Johkoh T, Andrew Churg M. Acute exacerbation of chronic
interstitial pneumonia high-resolution computed tomography and
pathologic findings. J Thorac Imaging. 2007;22:221–9.

6. Isobe K, Hata Y, Sakamoto S, Takai Y, Shibuya K, Homma S. Clinical
characteristics of acute respiratory deterioration in pulmonary fibrosis
associated with lung cancer following anti-cancer therapy. Respirology.
2010;15:88–92.

7. Chida M, Kobayashi S, Karube Y, Hayama M, Tamura M, Ishihama H, Oyaizu
T. Incidence of acute exacerbation of interstitial pneumonia in operated
lung Cancer: institutional report and review. Ann Thorac Cardiovasc Surg.
2012;18:314–7.

8. Sato T, Teramukai S, Kondo H, Watanabe A, Ebina M, Kishi K, Fujii Y,
Mitsudomi T, Yoshimura M, Maniwa T, 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 e1603.

9. Maeda H, Kanzaki M, Sakamoto K, Isaka T, Oyama K, Murasugi M, Onuki T.
Effect of collagen vascular disease-associated interstitial lung disease on the
outcomes of lung cancer surgery. Surg Today. 2017;47:1072–9.

10. Minegishi Y, Takenaka K, Mizutani H, Sudoh J, Noro R, Okano T, Azuma
A, Yoshimura A, Ando M, Tsuboi E, et al. Exacerbation of idiopathic
interstitial pneumonias associated with lung Cancer therapy. Intern
Med. 2009;48:665–72.

11. Goto T. Measuring Surgery Outcomes of Lung Cancer Patients with
Concomitant Pulmonary Fibrosis: A Review of the Literature. Cancers
(Basel). 2018;10(7):E223.

12. Maniwa T, Kondo H, Mori K, Sato T, Teramukai S, Ebina M, Kishi K, Watanabe
A, Sugiyama Y, Date H. Outcomes in surgically managed non-small-cell lung
cancer patients with evidence of interstitial pneumonia identified on
preoperative radiology or incidentally on postoperative histology. Interact
Cardiovasc Thorac Surg. 2015;20:641–6.

13. Watanabe A, Kawaharada N, Higami T. Postoperative acute exacerbation
of IPF after lung resection for primary lung Cancer. Pulm Med. 2011;
2011:960316.

14. Sato T, Kondo H, Watanabe A, Nakajima J, Niwa H, Horio H, Okami J, Okumura
N, Sugio K, Teramukai S, et al. A simple risk scoring system for predicting acute
exacerbation of interstitial pneumonia after pulmonary resection in lung
cancer patients. Gen Thorac Cardiovasc Surg. 2015;63:164–72.

15. Ghatol A, Ruhl AP, Danoff SK. Exacerbations in idiopathic pulmonary fibrosis
triggered by pulmonary and nonpulmonary surgery: a case series and
comprehensive review of the literature. Lung. 2012;190:373–80.

16. Furuya K, Sakamoto S, Takai Y, Sato N, Matsumoto K, Homma S. Acute
exacerbation of idiopathic interstitial pneumonia after nonpulmonary
surgery under general anesthesia: a retrospective study. Sarcoidosis Vasc
Diffuse Lung Dis. 2017;34:156–64.

17. Takao S, Masuda T, Yamaguchi K, Sakamoto S, Horimasu Y, Nakashima T
et al. High preoperative C-reactive protein level is a risk factor for acute
exacerbation of interstitial lung disease after non-pulmonary surgery.
Medicine (Baltimore). 2019;98(5):e14296.

18. Collard HR, Ryerson CJ, Corte TJ, Jenkins G, Kondoh Y, Lederer DJ, Lee JS,
Maher TM, Wells AU, Antoniou KM, et al. Acute exacerbation of idiopathic
pulmonary fibrosis. an international working group report. Am J Respir Crit
Care Med. 2016;194:265–75.

19. Raghu G, Remy-Jardin M, Myers JL, Richeldi L, Ryerson CJ, Lederer DJ, Behr
J, Cottin V, Danoff SK, Morell F, et al. Diagnosis of idiopathic pulmonary
fibrosis. an official ATS/ERS/JRS/ALAT clinical practice guideline. Am J Respir
Crit Care Med. 2018;198:e44–68.

20. Taniguchi D, Yamasaki N, Miyazaki T, Tsuchiya T, Matsumoto K, Hatachi G,
Kakugawa T, Sakamoto N, Mukae H, Nagayasu T. The surgical outcomes of
lung cancer combined with interstitial pneumonia: a single-institution
report. Surg Today. 2017;47:1397–404.

21. Ryerson CJ, Cottin V, Brown KK, Collard HR. Acute exacerbation of idiopathic
pulmonary fibrosis: shifting the paradigm. Eur Respir J. 2015;46:512–20.

22. Oyama K, Kanzaki M, Kondo M, Maeda H, Sakamoto K, Isaka T,
Tamaoki J, Onuki T. Early detection of the acute exacerbation of
interstitial pneumonia after the surgical resection of lung Cancer by
planned chest computed tomography. Korean J Thorac Cardiovasc
Surg. 2017;50:177–83.

23. Tsukamoto K, Hayakawa H, Sato A, Chida K, Nakamura H, Miura K.
Involvement of Epstein-Barr virus latent membrane protein 1 in disease
progression in patients with idiopathic pulmonary fibrosis. Thorax. 2000;
55:958–61.

24. Tang YW, Johnson JE, Browning PJ, Cruz-Gervis RA, Davis A, Graham BS,
Brigham KL, Oates JA, Loyd JE, Stecenko AA. Herpesvirus DNA is
consistently detected in lungs of patients with idiopathic pulmonary
fibrosis. J Clin Microbiol. 2003;41:2633–40.

25. Kakugawa T, Yokota S, Ishimatsu Y, Hayashi T, Nakashima S, Hara S,
Sakamoto N, Kubota H, Mine M, Matsuoka Y, et al. Serum heat shock
protein 47 levels are elevated in acute exacerbation of idiopathic
pulmonary fibrosis. Cell Stress Chaperones. 2013;18:581–90.

26. Force ADT, Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Caldwell
E, Fan E, Camporota L, Slutsky AS. Acute respiratory distress syndrome: the
Berlin definition. JAMA. 2012;307:2526–33.

27. Blum JM, Stentz MJ, Dechert R, Jewell E, Engoren M. Preoperative and
intraoperative predictors of postoperative acute respiratory distress
syndrome in a general surgical population. Anesthesiology. 2013:19–29.

28. Kim DS. Acute exacerbation of idiopathic pulmonary fibrosis: frequency and
clinical features. Eur Respir J. 2006;27:143–50.

29. Oda K, Ishimoto H, Yamada S, Kushima H, Ishii H, Imanaga T et al. Autopsy
analyses in acute exacerbation of idiopathic pulmonary fibrosis. Respir Res.
2014;15:109.

30. Cardinal-Fernandez P, Bajwa EK, Dominguez-Calvo A, Menendez JM,
Papazian L, Thompson BT. The presence of diffuse alveolar damage on
open lung biopsy is associated with mortality in patients with acute
respiratory distress syndrome: a systematic review and meta-analysis. Chest.
2016;149:1155–64.

31. Nagata K, Tomii K, Otsuka K, Tachikawa R, Nakagawa A, Otsuka K, Takeshita
J, Tanaka K, Matsumoto T, Monden K, et al. Serum procalcitonin is a
valuable diagnostic marker in acute exacerbation of interstitial pneumonia.
Respirology. 2013;18:439–46.

32. Marchioni A, Tonelli R, Ball L, Fantini R, Castaniere I, Cerri S, Luppi F,
Malerba M, Pelosi P, Clini E. Acute exacerbation of idiopathic pulmonary

Miyamura et al. Respiratory Research          (2019) 20:154 Page 8 of 9



fibrosis: lessons learned from acute respiratory distress syndrome? Crit
Care. 2018;22:80.

33. Kogan A, Preisman S, Levin S, Raanani E, Sternik L. Adult respiratory distress
syndrome following cardiac surgery. J Card Surg. 2014;29:41–6.

34. Gajic O, Dabbagh O, Park PK, Adesanya A, Chang SY, Hou P, Anderson
H 3rd, Hoth JJ, Mikkelsen ME, Gentile NT, et al. Early identification of
patients at risk of acute lung injury: evaluation of lung injury prediction
score in a multicenter cohort study. Am J Respir Crit Care Med. 2011;
183:462–70.

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

Miyamura et al. Respiratory Research          (2019) 20:154 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population and covariates
	Diagnostic criteria for acute exacerbation
	Evaluation of HRCT findings
	JACS risk score
	Statistical analysis

	Results
	Subject characteristics
	Characteristics of patients in the two study groups who developed AE-IP
	Risk factors for AE-IP in pulmonary and non-pulmonary surgery

	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

