
Vol.:(0123456789)1 3

La radiologia medica (2018) 123:655–663 
https://doi.org/10.1007/s11547-018-0894-3

CHEST RADIOLOGY

Relationship between interstitial lung disease and oesophageal 
dilatation on chest high‑resolution computed tomography in patients 
with systemic sclerosis: a cross‑sectional study

Fausto Salaffi1   · Marco Di Carlo1   · Marina Carotti2   · Paolo Fraticelli3   · Armando Gabrielli3   · 
Andrea Giovagnoni2 

Received: 19 February 2018 / Accepted: 11 April 2018 / Published online: 23 April 2018 
© Italian Society of Medical Radiology 2018

Abstract
Objectives  Oesophageal dilatation (OD) has been implicated in the pathogenesis of interstitial lung disease (ILD) in systemic 
sclerosis (SSc). The aims of this study were to explore the association of the OD and SSc-ILD on chest high-resolution 
computed tomography (HRCT), and to establish a cutoff point for the OD suggestive for the presence of a significant lung 
involvement.
Methods  The widest oesophageal diameter (WOD) was obtained on axial HRCT images. The parenchymal abnormalities 
on HRCT were coded and scored according to Warrick method. Patient-centred measures, pulmonary function tests and the 
single breath carbon monoxide diffusing capacity of the lung (DLco) were also obtained. Multivariate regression analysis 
was performed to identify factors associated with oesophageal diameter.
Results  126 subjects with SSc were included. The mean (± SD) WOD was 13.5 (± 4.2) mm, and in 76 (60.3%) participants 
WOD was ≥ 11 mm. SSc patients with ILD had larger oesophageal diameters than those without lung disease (19.4 vs. 
14.1 mm, p < 0.001). We observed a high correlation between WOD and gastro-oesophageal reflux disease questionnaire 
(GerdQ) (r = 0.886, p < 0.001), Borg score (r = 0.705, p < 0.001), and Warrick score (r = 0.614, p < 0.001). WOD negatively 
correlated with DLco (r = − 0.508, p < 0.001). Multivariate analysis demonstrated positive associations between WOD and 
GerdQ (p < 0.0001), Borg score (p < 0.0005), and total Warrick score (p = 0.019).
Conclusion  An increased oesophageal diameter (> 11 mm) on chest HRCT is associated with pulmonary and oesophageal 
symptoms, more severe ILD, and lower DLco.

Keywords  Systemic sclerosis · Oesophageal dilatation · Interstitial lung disease · Gastro-oesophageal reflux disease

Introduction

Systemic sclerosis (SSc) is an autoimmune connective tis-
sue disease (CTD) characterized by progressive thickening 
and hardening of the skin as well as various internal organs. 

Oesophageal involvement is frequent in SSc [1, 2]. The rela-
tionship between oesophageal dilatation (OD), detected on 
chest high-resolution computed tomography (HRCT), and 
oesophageal dysmotility is well established in these patients 
[3–6].
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Simultaneously, the presence of interstitial lung dis-
ease (ILD) is also a common feature in SSc patients [7]. 
Although the pathologic mechanisms underlying ILD are 
not yet fully elucidated, there is evidence that oesophageal 
motility disturbances and gastro-oesophageal reflux (GER) 
are implicated in ILD development in several lung condi-
tions, including SSc. It is assumed that both abnormalities 
of oesophageal peristalsis and decreased low oesophageal 
sphincter pressure may lead to repeated microaspirations of 
gastric acid content into the respiratory tract, with conse-
quent and progressive airway damage [8–10].

OD detected on chest HRCT is frequently associated 
with an extensive ILD, as well as with low pulmonary per-
formance [4, 5]. The coexistence of ILD and GER disease 
(GERD) in patients with connective tissue diseases (CTDs) 
[6] and the evidence that CTD patients with ILD have a 
higher incidence of pathologic reflux reinforce the assump-
tion that GERD may play a role in the natural history of lung 
disease in subjects with CTD [9].

Several studies have reported the prevalence of OD on 
chest HRCT in SSc, using empirical cutoff values to define 
OD without regard to normal standards [3, 4, 11–13].

The purposes of this study were to confirm the associa-
tion of OD and ILD on chest HRCT in patients with SSc, 
and to identify the oesophageal diameter cutoff value with 
the best association (higher sensitivity and specificity) with 
SSc-ILD.

Materials and methods

Study population

From January 2016 to December 2017, consecutive SSc 
patients, defined by the American College of Rheumatology 
classification criteria [14], were included from the Rheu-
matological Clinic and the Medical Clinic of the Università 
Politecnica delle Marche. Participants were classified as suf-
fering from limited or diffuse cutaneous involvement (lcSSc 
and dcSSc, respectively), according to Le Roy et al. [15]. 
The modified Rodnan skin score (mRSS) (score 0–51, where 
lower values represent a better condition) was employed to 
assess skin damage [16].

The presence of autoantibodies, including anti-topoi-
somerase I and anti-centromere, was also assessed.

The exclusion criteria were represented by: current or 
recent (within 3 months) respiratory infection, severe pulmo-
nary hypertension requiring specific treatment, uncontrolled 
congestive heart failure, and clinically significant abnormali-
ties other than ILD identified on chest HRCT. Echocardiog-
raphy and right heart catheterization were examinations not 
included in the evaluation for this study.

Patient‑centred measures

The patient-centred measures were collected to evaluate dysp-
noea, physical function, and GER symptoms, respectively, 
employing the Borg Dyspnea Index (Borg score) [17, 18], the 
Health Assessment Questionnaire-Disability Index (HAQ-DI) 
[19, 20], and the GerdQ questionnaire [21].

The Borg score assesses the perceived dyspnoea (breathing 
discomfort) with a numerical scale from 0 to 10 (0 = no breath-
lessness at all, 0.5 = very very slight (just noticeable), 1 = very 
slight, 2 = slight breathlessness, 3 = moderate, 4 = somewhat 
severe, 5 = severe breathlessness, 7 = very severe breathless-
ness, 9 = very, very severe (almost maximum) and 10 = maxi-
mum) [22].

The HAQ-DI is a tool to measure the functional status (eval-
uating activities of daily living), and is calculated as an ordinal 
variable (from 0 = no disability, to 3 = severe disability).

The intended use of HAQ-DI is for arthritis [19]; however, 
it was shown to correlate with visceral and cutaneous involve-
ment in SSc and to detect deterioration of function in these 
patients [20, 23].

The GerdQ questionnaire is a simple six-item self-admin-
istered tool [24]. Four items assess the symptoms and situa-
tions considered as positive predictors for GERD diagnosis: 
heartburn, regurgitations, disorders related to sleep, and use 
of over-the-counter products. The other two questions evaluate 
symptoms considered negative predictors for reflux, such as 
nausea and epigastric pain. The patient answers each ques-
tion about symptom frequency during the last week using a 
Likert-like scale from 0 to 3 for positive features, and from 
3 to 0 for negative attributes [21]. The maximum score that 
can be obtained is 18. GerdQ cutoff 9 gave the best balance 
with regard to sensitivity [66%; 95% confidence interval (CI): 
58–74] and specificity (64%; 95% CI 41–83) for GERD.

Pulmonary function tests (PFTs)

PFTs were carried out within 2 weeks from the chest HRCT 
assessment, with a spirometry using a computerized lung ana-
lyser (MasterScreen Diffusion, Jaeger GmbH, Höchber, Ger-
many). Forced vital capacity (FVC), first second forced expira-
tory volume (FEV1), and the single breath carbon monoxide 
diffusing capacity of the lung (DLco) were recorded. These 
parameters of PFT were expressed as percentage of predicted 
value. At least three measurements were taken for each vari-
able to guarantee repeatability.

Parenchymal abnormalities on HRCT​

All HRCT examinations were performed according to a 
standard protocol, using a CT 64GE light Speed VCT power 
scanner with a rotation tube scanning time of 0.65 s. Scans 
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were acquired in full inspiration from the apex to the lung 
base in supine position, at 120 kV and 300 mAs, and slice 
thickness and spacing of scans of 1.25 and 7 mm, respec-
tively. Contrast media agents were not employed. Lung 
abnormalities were examined by an experienced general and 
thoracic radiologist (MC), blinded to clinical and functional 
findings. The lung parenchymal abnormalities were assessed 
according to the Warrick scoring. For a detailed description 
of the Warrick scoring, the reader can refer to the original 
article [25].

Oesophageal diameter measurement in HRCT​

In this study, the widest oesophageal diameter (WOD) was 
used as a measure of OD. As employed by Richardson et al. 
[5], for each patient WOD was collected on chest HRCT 
(axial images) measuring the largest distance (mm) between 
the internal oesophageal mucosal limits in three levels: 
above the aortic arch, between the right inferior pulmonary 
vein and the aortic arch, and between the diaphragmatic hia-
tus and the right inferior pulmonary vein (Fig. 1). A similar 
method to measure the OD has been already used in other 
SSc-ILD studies with good interobserver agreement [12, 13, 

26]. The oesophageal axial diameter in HRCT was measured 
by OsiriX MD 7 (Fig. 2), a DICOM viewer software (Osi-
riX MD version 7, 64-bit format) on a Mac Mini (2.8 GHz 
Intel Core 2 Duo Desktop Computer, 16 GB random-access 
memory; Apple Computer, Cupertino, CA, USA) running 
Mac Operating System macOS High Sierra, version 10.13.2.

Interobserver agreement for the oesophageal axial diam-
eter measurement in HRCT was tested in 20 examinations. 
There was a good agreement for three oesophageal diameter 
measurements on supine axial HRCT images (above the aor-
tic arch, weighted kappa = 0.69; between the right inferior 
pulmonary vein and the aortic arch, weighted kappa = 0.71; 
between the diaphragmatic hiatus and the right inferior pul-
monary vein, weighted kappa = 0.63).

Statistical analysis

Data were entered into a Microsoft Excel database and 
analysed using MedCalc® version 16.0 (MedCalc Soft-
ware, Mariakerke, Belgium). Values were expressed both 
as mean ± SD (standard deviation) and median (interquar-
tile range, IQR). The interobserver agreement was calcu-
lated using a Fleiss weighted kappa test. A value of 0–0.20 

Fig. 1   Widest oesophageal diameter (WOD) assessment (arrows) 
on chest high-resolution computed tomography scans. According to 
Richardson et  al. [5], the three oesophageal diameter measurements 
were performed: above the aortic arch (a), between the right inferior 

pulmonary vein and the aortic arch (b), and between the diaphrag-
matic hiatus and the right inferior pulmonary vein (c). Note intersti-
tial lung disease with ground-glass and reticular opacities and traction 
bronchiectasis
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was considered poor, 0.21–0.40 fair, 0.41–0.60 moderate, 
0.61–0.80 good, and 0.81–1.00 excellent. A two-sample 
“t” test was used to compare continuous variables and χ2 
test to compare categorical variables between patients. The 
relationships among WOD, Warrick score, PFTs results and 
patient-centred measures were calculated using Pearson’s 
product–moment correlation (Pearson r values). Further-
more, multivariate regression analysis was performed to 
identify the factors associated with OD on HRCT. Covari-
ates considered in the model included: age, gender, dis-
ease duration, anti-topoisomerase antibodies, mRSS, Borg 
score, GerdQ, HAQ-DI, FVC, and DLco. The results were 
expressed as multivariate regression coefficient (R) and 
square regression coefficient corrected (R2) for the number 
of variables entered in the analysis. Significance was set at 
p < 0.05. The area under the receiver operating characteristic 
curves (AUC-ROCs) analysis was used to identify the WOD 
with the best sensitivity and specificity associated with SSc-
ILD. A Warrick score of 7 was employed as cutoff point to 
consider the presence of a significant SSc-ILD [27].

Results

Overall, 126 SSc patients were included in the study. The 
mean (± SD) age was 60.7 (± 10.7) years, the mean (± SD) 
disease duration was 11.15 (± 7.96) years, and 82% were 
women. The group of patients having dcSSc (53 patients), 
in comparison with lcSSc patients (73 patients), was older 
(64 vs. 58 years; p = 0.002). The mean (± SD) WOD was 
13.5 (± 4.2) mm, and in 76 (60.3%) participants WOD 
was ≥ 11 mm. ILD was diagnosed in 86 SSc patients (War-
rick score ≥ 7), while in 40 subjects the lung findings were 
normal. On PFTs, mean FVC was 87.0 ± 78.5%, average 

FEV1 87.9 ± 16.2%, and DLco 71.6 ± 14.4% of predicted. 
Sixty-four (50.8%) patients had a total GerdQ score ≥ 9. 
SSc patients with ILD (86 patients) had larger mean 
oesophageal diameter than those without lung disease 
(mean ± SD 14.8 ± 4.3 vs. 10.6 ± 2.7 mm; p 0.003). Sub-
jects with greater WOD were more likely to be anti-topoi-
somerase I positive (31% vs. 19%, p = 0.002), have dcSSc 
(59.2 vs. 40.7%, p = 0.001), and longer disease duration 
(12.6 vs. 9.0 years, p = 0.013). They were also more likely 
to be older (64 vs. 55 years, p = 0.001). Baseline study 
cohort characteristics are shown in Table 1.

The results of the analyses of the relationships among 
WOD, patient-centred measures, Warrick score, and 
PFTs results are shown in Fig. 3. A high correlation was 
observed between WOD and GerdQ (r = 0.886, p < 0.001), 
Borg score (r = 0.705, p < 0.001), and Warrick score 
(r = 0.614, p < 0.001). WOD negatively correlated with 
DLco (r = − 0.508, p < 0.001). Fair to moderate corre-
lations were found between WOD and disease duration 
(r = 0.302, p = 0.001), age (r = 0.346, p = 0.001), and 
HAQ-DI (r = 0.422, p < 0.001).

The results of the multivariate regression analysis 
revealed positive associations between WOD and GerdQ 
(p < 0.0001), Borg score (p = 0.0005), and Warrick score 
(p = 0.0192) with a coefficient of determination R2 of 
0.837 (Table 2). Age, sex, disease duration, SSc disease 
pattern, anti-topoisomerase I antibodies, HAQ-DI, mRSS, 
and PFTs were not significantly associated with WOD on 
HRCT.

Fig. 2   Representative sequence of the OsiriX measurement process 
of the widest oesophageal diameter in axial high-resolution computed 
tomography scan

Table 1   Baseline study cohort characteristics

SD standard deviation, P percentiles, GerdD gastro-oesophageal 
reflux disease questionnaire, mRSS modified Rodnan skin score, 
HAQ-DI Health Assessment Questionnaire-Disability Index, FVC 
forced vital capacity, FEV1 forced expiratory volume first second, 
DLco single breath carbon monoxide diffusing capacity of the lung, 
HRCT​ high-resolution computed tomography

 Variables Mean SD Median 25–75 P

Age (years) 60.70 10.71 61.0 54.00–68.00
Borg Dyspnea Index 2.55 1.66 2.00 1.00–4.00
Widest oesophageal diameter 

(mm)
13.57 4.20 13.30 10.10–16.80

Disease duration (years) 11.15 7.96 10.00 5.00–15.00
GerdQ 9.43 4.03 9.00 7.00–13.00
mRSS 10.10 7.37 7.00 5.00–14.00
HAQ-DI 0.84 0.35 0.87 0.62–0.92
FVC (% predicted) 87.03 7.55 83.00 64.10–96.00
FEV1 (% predicted) 87.86 16.26 86.00 78.00–98.00
DLco (% predicted) 71.59 14.39 72.80 59.00–84.50
HRCT total score 13.12 7.06 11.00 7.00–19.00
HRCT extent score 6.24 3.51 5.00 3.00–9.00
HRCT score 6.92 3.73 6.00 4.00–10.00
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The AUC-ROC analysis for the presence of significant 
SSc-ILD gave the optimal balance between sensitivity 
(80.2%; 95% CI 70.2–88.0) and specificity (72.5%; 95% CI 
56.1–85.4) with a WOD cutoff ≥ 11 mm (AUC = 0.819; SD 
0.036; 95% CI 0.746–0.891) (Fig. 4).

Calculations of the negative and positive predictive values 
(NPV and PPV), as well as of the positive and negative like-
lihood ratio (LR+ and LR−) confirmed the optimal cutoff 
point of 11 mm in this study population. Values > 9 mm for 
WOD increased the sensitivity to 93.0% but decreased the 
specificity to 30.5%, whereas measures > 19 mm increased 
the specificity to 97.5% but decreased the sensitivity to 
23.3% (Table 3).

Discussion

This study demonstrated that OD is a frequent feature of 
SSc patients, and that this condition is more common in 
subjects with a coexisting ILD. Moreover, there is a clini-
cally significant association between OD and HRCT find-
ings of ILD: oesophageal diameter positively correlates with 
patient-centred measures of dyspnoea, gastro-oesophageal 

symptoms and functional disability, and is negatively cor-
related with DLco. Furthermore, OD is more prevalent in 
subjects with longer disease duration and is significantly 
more correlated with the presence of anti-topoisomerase I 
serum autoantibodies.

Additionally, to the best of our knowledge, it is the first 
research that defines a cutoff point for OD associated with 
SSc-ILD using ROC curve analysis.

The mechanisms underlying SSc-ILD are not yet com-
pletely known. Some evidences suggest that both cell-medi-
ated and humoral immunity play a role in the pathogenesis 
of ILD [28–32].

Oesophageal motor alterations have also been considered 
as contributing factors of SSc-ILD [8–10]. The changes in 
oesophageal peristalsis and decreased low oesophageal 
sphincter tone may induce a predisposition to GER [8–10, 
33].

Many investigators have described how GER can be one 
of the initiating factors of a variety of respiratory disorders 
(e.g., asthma, bronchiectasis, and recurrent acute pneumo-
nia) [34–37]. Microaspirations of gastric content into the air-
ways are believed to work as trigger mechanism in inducing 
pulmonary parenchymal lesions. Many works have pointed 

Fig. 3   Scatter plots with regression line, illustrating the correlation between the widest oesophageal diameter (WOD) and GerdQ (r = 0.886, 
p < 0.001) (a), Borg index (r = 0.705, p < 0.001) (b), DLco (r = − 0.508, p < 0.001) (c), and Warrick score (r = 0.614, p < 0.001) (d)
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out that GER therapy could potentially improve symptoms 
and PFT parameters in these patients [34, 37, 38].

Several studies have reported the prevalence of OD on 
chest CT scans in SSc patients. These studies used empirical 
cutoff values to define OD without regard to normal stand-
ards. For example, Bhalla et al. [3] and Pitrez et al. [11] 
employed a definition of dilatation as an oesophageal diam-
eter below the aortic arch > 10 mm on axial scans, based on 

a computed tomography atlas [39]. Takekoshi et al. proposed 
a cutoff value of 10 mm at the carinal level and 15 mm for 
maximum diameter [40]. Pitrez et al. used the ROC curves to 
determine the oesophageal diameter associated with oesoph-
ageal dysmotility, as assessed by radionuclide scintigraphy 
[11]. They found that an oesophageal diameter below the 
aortic arch > 9 mm had 83.1% sensitivity and 94.1% specific-
ity for dysfunction.

However, the literature is somewhat conflicting regarding 
the association between OD and SSc-ILD.

Previous studies that extrapolated the 9 or 10 mm oesoph-
ageal diameter cutoff point to study the association with 
radiographic ILD on HRCT yielded conflicting results: Vonk 
et al. (≥ 10 mm) and Pandey et al. (≥ 9 mm) did not find a 
significant association between OD and ILD [4, 13]. How-
ever, both 10 and 9 mm oesophageal diameter cutoff points 
seem to have low specificity for the association with ILD.

Although Pandey et al. concluded that there was no asso-
ciation between OD and ILD, it is possible that the size of 
the cohort or the cutoff point of 9 mm may account for the 
lack of association. Interestingly, the authors noted a sta-
tistically significant reduction in DLco and a non-signifi-
cant trend towards reduction in total lung capacity in those 
patients with oesophageal diameters > 9 mm. This finding 
may suggest that DLco is a more sensitive marker of lung 
injury related to silent aspiration as has been shown in other 
forms of lung injury.

In 2012, Patiwetwitoon et  al. published results from 
another study involving 71 patients with SSc and showed a 
significant correlation between the extent of honeycombing 
on HRCT and oesophageal diameter [12]. The authors did 
not report PFTs results.

Table 2   Multivariate regression 
analysis between the widest 
oesophageal diameter (WOD) 
and the other variables

dcSSc diffuse cutaneous involvement, mRSS modified Rodnan skin score, GerdD gastro-oesophageal reflux 
disease questionnaire, HAQ-DI Health Assessment Questionnaire-Disability Index, DLco single breath car-
bon monoxide diffusing capacity of the lung, FVC forced vital capacity, FEV1 forced expiratory volume, 
HRCT​ high-resolution computed tomography

Independent variables Coefficient Std. error rpartial t P

(Constant) 4.6573
Age (years) 0.0197 0.0192 0.0970 1.023 0.3084
Anti-topoisomerase I antibodies − 0.1254 0.3427 − 0.0388 − 0.366 0.7150
Borg Dyspnea Index 0.7189 0.2003 0.3237 3.588 0.0005
Disease duration (years) − 0.0355 0.0304 − 0.1125 − 1.187 0.2378
Gender 0.6019 0.4481 0.1270 1.343 0.1820
dcSSc involvement 1.0751 0.5177 0.1942 2.077 0.0502
mRSS − 0.0112 0.0376 − 0.0280 − 0.292 0.7711
GerdQ 0.8102 0.0599 0.7918 13.595 < 0.0001
HAQ-DI − 0.0560 0.6739 − 0.0079 − 0.087 0.9335
DLco (% predicted) − 0.0127 0.0118 − 0.0687 − 0.720 0.4732
FVC (% predicted) 0.00183 0.0055 0.0628 0.658 0.5122
FEV1 (% predicted) 0.0055 0.0106 0.0298 0.312 0.7553
HRCT total score (Warrick score) − 0.0982 0.0153 − 0.2210 − 2.377 0.0192

Fig. 4   Receiver operating characteristic curve for determination of 
the widest oesophageal diameter (WOD) optimal extent threshold. 
The circle on the curve shows the optimal cutoff point, corresponding 
with the maximum sum of sensitivity and specificity
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Lock et al. revealed that in SSc patients, the presence 
of hypomotility or aperistalsis detected on oesophageal 
manometry is associated with lower lung volumes and 
reduced DLco values [33]. In addition, Richardson et al. 
revealed that an augmented oesophageal diameter on HRCT 
in SSc patients is associated with more severe ILD, lower 
lung volumes, and worse CO diffusion [5].

Although our study does not demonstrate a causal rela-
tionship between oesophageal diameter and SSc-ILD, our 
findings are consistent with the results of previous studies 
corroborating the hypothesis that GER and microaspiration 
may be involved in the SSc-ILD pathogenesis.

Three potential limitations to our study have to be men-
tioned. Firstly, there were some intrinsic issues: the nature 
of this study was cross-sectional, and the information on 
risk factors for SSc-ILD progression was not available to our 
cohort. Moreover, endoscopic oesophageal techniques were 

not performed routinely, and information about some base-
line variables, such as pack-years of tobacco exposure, were 
not available. Secondly, the generalizability of our results 
may be limited by the single university recruitment. Thirdly, 
we had no control group or patients with other causes of 
oesophageal dysfunction to compare with SSc patients.

In conclusion, our findings confirm that patients with 
SSc-ILD had more dilated oesophagus on chest HRCT com-
pared with patients with SSc and no significant lung disease. 
Using chest HRCT measurements has several advantages 
in assessing oesophageal alterations over the conventional 
methods (non-invasive, widely used in SSc patients). There-
fore, the detection of OD in the early stage of ILD may help 
start early treatment and prevent further progression of lung 
disease [6]. Future longitudinal studies to determine whether 
a dilated oesophagus is a risk factor for ILD progression 
should be designed to include careful assessment of the SSc 

Table 3   Receiver operating 
characteristic curve analysis 
for the best cutoff point for the 
widest oesophageal diameter 
(WOD) associated with the 
presence of interstitial lung 
disease (applying a Warrick 
score of 7 as external criterion)

WOD widest oesophageal diameter, CI confidence interval, LR+ positive likelihood ratio, LR− negative 
likelihood ratio

Criterion 
(WOD, 
mm)

Sensitivity 95% CI Specificity 95% CI LR+ 95% CI LR− 95% CI

> 6.9 97.67 91.9–99.7 2.50 0.06–13.2 1.00 0.1–6.9 0.93 0.2–3.7
> 7.5 97.67 91.9–99.7 5.00 0.6–16.9 1.03 0.3–4.0 0.47 0.1–1.8
> 7.9 96.51 90.1–99.3 15.00 5.7–29.8 1.14 0.5–2.4 0.23 0.08–0.7
> 8.2 96.51 90.1–99.3 17.50 7.3–32.8 1.17 0.6–2.3 0.20 0.06–0.6
> 8.5 96.51 90.1–99.3 22.50 10.8–38.5 1.25 0.7–2.2 0.16 0.05–0.5
> 8.6 96.51 90.1–99.3 25.00 12.7–41.2 1.29 0.8–2.2 0.14 0.05–0.4
> 8.8 95.35 88.5–98.7 30.00 16.6–46.5 1.36 0.8–2.2 0.16 0.06–0.4
> 9.0 93.02 85.4–97.4 37.50 22.7–54.2 1.49 1.0–2.2 0.19 0.08–0.4
> 9.3 91.86 83.9–96.7 37.50 22.7–54.2 1.47 1.0–2.2 0.22 0.1–0.5
> 9.7 91.86 83.9–96.7 42.50 27.0–59.1 1.60 1.1–2.3 0.19 0.09–0.4
> 9.8 90.70 82.5–95.9 45.00 29.3–61.5 1.65 1.2–2.3 0.21 0.1–0.4
> 10.0 87.21 78.3–93.4 65.00 48.3–79.4 2.49 2.0–3.2 0.20 0.10–0.4
> 10.4 84.88 75.5–91.7 65.00 48.3–79.4 2.43 1.9–3.1 0.23 0.1–0.4
> 10.9 82.56 72.9–89.9 70.00 53.5–83.4 2.75 2.2–3.4 0.25 0.1–0.5
> 11.0* 80.23 70.2–88.0 72.50 56.1–85.4 2.92 2.3–3.6 0.27 0.1–0.5
> 11.4 77.91 67.7–86.1 72.50 56.1–85.4 2.83 2.3–3.5 0.30 0.2–0.6
> 11.7 75.58 65.1–84.2 72.50 56.1–85.4 2.75 2.2–3.4 0.34 0.2–0.6
> 12.1 74.42 63.9–83.2 72.50 56.1–85.4 2.71 2.2–3.4 0.35 0.2–0.7
> 12.4 69.77 58.9–79.2 75.00 58.8–87.3 2.79 2.2–3.5 0.40 0.2–0.8
> 13.1 67.44 56.5–77.2 77.50 61.5–89.2 3.00 2.4–3.7 0.42 0.2–0.8
> 13.6 59.30 48.2–69.8 82.50 67.2–92.7 3.39 2.7–4.2 0.49 0.2–1.0
> 13.9 55.81 44.7–66.5 87.50 73.2–95.8 4.47 3.6–5.6 0.50 0.2–1.2
> 14.6 47.67 36.8–58.7 92.50 79.6–98.4 6.36 5.0–8.1 0.57 0.2–1.7
> 15.3 46.51 35.7–57.6 95.00 83.1–99.4 9.30 7.3–11.8 0.56 0.1–2.2
> 16.6 41.86 31.3–53.0 95.00 83.1–99.4 8.37 6.5–10.8 0.61 0.2–2.4
> 17.1 37.21 27.0–48.3 97.50 86.8–99.9 14.88 11.3–19.7 0.64 0.09–4.5
> 18.5 26.74 17.8–37.4 97.50 86.8–99.9 10.70 7.5–15.2 0.75 0.1–5.2
> 19.0 23.26 14.8–33.6 97.50 86.8–99.9 9.30 6.3–13.7 0.79 0.1–5.5
> 19.6 18.60 11.0–28.4 97.50 86.8–99.9 7.44 4.8–11.6 0.83 0.1–5.8
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subset, quantitative changes on HRCT scan of the lungs [18], 
and objective reference criteria for GERD diagnosis.
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