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Abstract 

Background: The mortality risk of chronic interstitial lung disease (ILD) is currently assessed using the ILD‑GAP score. 
The present study evaluates whether the addition of cardiopulmonary ultrasound parameters to the ILD‑GAP score 
can further improve the predictive value of ILD‑GAP.

Methods: Medical records from 91 patients with ILD hospitalized from June 2015 to March 2016 were retrospectively 
examined. The Lung ultrasound (LUS) score, right ventricular (RV) function, and mechanics were obtained from the 
cardiopulmonary ultrasound. The ILD‑GAP score was calculated from demographic characteristics and pulmonary 
function parameters. Patients were followed up with until May 2020. The primary endpoint was all‑cause death.

Results: After exclusions, 74 patients with ILD were included in the analysis. During the follow‑up period, 36 patients 
with ILD survived  (ILDs), and 38 patients died  (ILDd). Compared to  ILDs, the  ILDd cases exhibited a higher number of 
B‑lines, LUS score, and RV end‑diastolic base dimension (RVD), but lower RV function. In multivariate analysis, the ILD‑
GAP score (hazard ratio, 2.88; 95% CI 1.38–5.99, P = 0.005), LUS score (hazard ratio 1.13; 95% CI 1.04–1.24, P = 0.006), 
and RVD (hazard ratio 1.09, 95% CI 1.03–1.16, P = 0.004) were significantly related to the risk of death. Adding the LUS 
score and RVD to the ILD‑GAP score significantly improved the predictive value compared to the ILD‑GAP score alone 
(C statistics 0.90 vs 0.76, P = 0.018).

Conclusion: We investigated the utility of a new prognostic model for ILD that includes both cardiopulmonary ultra‑
sound parameters (LUS score and RVD) and the ILD‑GAP score. This model better reflects the severity of pulmonary 
fibrosis and cardiac involvement, and has incremental predictive value over the ILD‑GAP score alone.
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Background
Interstitial lung disease (ILD) is an umbrella term used 
to describe a large group of heterogenous pulmonary 
diseases characterized by chronic inflammation and 
fibrosis of the lung parenchyma [1]. The heterogeneity 
of ILD makes it difficult to reliably predict the progno-
sis of the disease. Ryerson et  al. developed a modified 

gender-age-physiology (GAP) model—the ILD-GAP 
model that has been shown to reliably predict disease 
severity and survival based on gender, age, ILD subtype 
and lung physiology parameters [Forced Vital Capac-
ity (%FVC) and diffusing capacity of the lung for carbon 
monoxide (%DLCO)] [2]. Nevertheless, the ILD-GAP 
score is a simple prediction model that does not take into 
account lung morphology and cardiac involvement.

Chest high-resolution computed tomography (HRCT) 
is the gold-standard imaging technique in the assessment 
of ILD [3]. However, exposure to ionizing radiation and 
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high cost limit the use of HRCT, especially for regular 
follow-ups. In the past decade, lung ultrasound (LUS) has 
emerged as a tool for the assessment of ILD by detect-
ing and quantifying sonographic B-lines and pleural line 
irregularities [4–7]. Studies have demonstrated that LUS 
exhibits good diagnostic accuracy for ILD, and the results 
have correlated well with HRCT or chest X-ray findings 
[8, 9]. A scoring system for the evaluation of pulmonary 
fibrosis in patients with ILD based on LUS findings was 
proposed by Buda et  al. [10], the results of which cor-
related well with the HRCT Warrick score. Our team’s 
previous study showed a significant correlation between 
a LUS score based on multiple LUS signs and systolic 
pulmonary artery pressure (SPAP) obtained by echocar-
diography in patients with ILD [11]. LUS and echocardi-
ography have different but complementary features, and 
their combined use can effectively evaluate cardiopulmo-
nary function. The recent European Society of Cardiology 
(ESC) expert consensus statement suggested that an inte-
grative approach that includes both echocardiography 
and LUS should be recommended for the assessment and 
management of acute heart failure [12]. For patients with 
ILD, cardiopulmonary ultrasound, which is the combined 
use of LUS and echocardiography, can not only assess the 
severity of pulmonary fibrosis but also cardiac involve-
ment, such as pulmonary hypertension or right heart fail-
ure, which is highly correlated with a poorer prognosis. 
This allows the most appropriate, individualized inter-
ventions to be delivered to the patients [13, 14].

However, the prognostic value of cardiopulmonary 
ultrasound in patients with ILD, and whether it can add 
value to the ILD-GAP score, is still unknown. This study 
aimed to assess the added value of using cardiopulmo-
nary ultrasound parameters in the risk assessment of 
patients with ILD.

Methods
Study population
We designed a single-center, retrospective study that 
included 91 hospitalized patients with ILD. All patients 
were treated in the respiratory department of Beijing 
Chaoyang Hospital Affiliated to Capital Medical Univer-
sity between June 2015 and March 2016 and underwent 
cardiopulmonary ultrasound, pulmonary function tests 
(PFTs), and HRCT during hospitalization. All baseline 
data were acquired based on a review of the patients’ 
charts. Routine follow-ups were performed until the end 
of May 2020.

The exclusion criteria were as follows: lung transplan-
tation during the follow-up period (n = 3), history of 
pulmonary surgery (n = 2), respiratory tract infections, 
another underlying lung disease such as chronic obstruc-
tive pulmonary disease (n = 2), severe left ventricular 

failure (n = 2), poor echocardiographic image quality 
(n = 4) and those with missing follow-up information 
(n = 4). Furthermore, echocardiography was performed 
in all cases in this study to identify and rule out patients 
with valvular heart disease. Patients with a history of 
coronary heart disease, atrial fibrillation and lung can-
cer were also excluded. Following exclusions, 74 patients 
with ILD remained for further analysis.

The ILD diagnosis was made following a multidisci-
plinary review of clinical, radiological, and pathological 
data [1, 3, 15]. ILD cases were further divided into the 
following subtypes: idiopathic pulmonary fibrosis (IPF), 
idiopathic nonspecific interstitial pneumonia, connective 
tissue disease-associated ILD, chronic hypersensitivity 
pneumonitis, and unclassifiable ILD.

The study protocol was approved by the institutional 
review board of Beijing Chaoyang Hospital Affiliated 
to Capital Medical University. Informed consent was 
waived due to the retrospective nature of the study. Data 
from some patients was also used in a previous study.

Cardiopulmonary ultrasound
The acquisition scheme of cardiopulmonary ultrasound 
used in the current work is consistent with that of a pre-
vious study from our team [11]. Commercially available 
echocardiographic equipment with a 1–5  MHz cardiac 
sector transducer and a 3–11  MHz linear transducer 
was used (IE33, Philips Medical Systems, Andover, MA, 
USA) to acquire cardiopulmonary ultrasound images. 
The total number of B-lines and a semi-quantitative 
LUS score were used to assess the severity of pulmonary 
fibrosis [10]. Two-dimensional and Doppler echocardio-
graphic parameters were measured, including left ven-
tricular end-diastolic diameter, left ventricular ejection 
fraction, right ventricular end-diastolic base dimension 
(RVD), primary pulmonary artery diameter, tricuspid 
annular plane systolic excursion (TAPSE), right ventric-
ular fractional area change (RVFAC), peak systolic tri-
cuspid annulus velocity, myocardial performance index, 
and SPAP as estimated by tricuspid regurgitation. The 
right ventricular global longitudinal strain (RVGLS) was 
automatically tracked using the Philips QLAB Version 
13.0 software (Philips Healthcare). Two experienced lung 
ultrasound physicians (Dr. Weiwei Zhu and Dr. Hong Li) 
performed intra- and inter-observer repeatability analy-
ses of all patients’ LUS scores in 2-day intervals. The 
observers were blind to the clinical status, HRCT, PFTs, 
and all patients’ medical information.

Clinical outcome
Patients were followed up with at our outpatient clinic 
by clinical visits and telephone calls until the end of May 
2020. The primary endpoint was the composite of the 
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all-cause death. For patients without events, the date of 
the last contact was used for survival analysis.

Statistical analysis
Statistical analysis was performed using SPSS Version 
20 for Windows (IBM, Armonk, NY, USA) and the 
MedCalc Version 15.6.1 (MedCalc Software, Ostend, 
Belgium) statistical software. Continuous variables 
are expressed as mean ± standard deviation or median 
and interquartile ranges, where appropriate. Categori-
cal data are presented as absolute numbers and per-
centages. Two-sample comparisons were performed 
using a t test if variables were normally distributed, or 
a Mann–Whitney U-test if variables were not normally 
distributed. Categorical data was compared using a 
chi-squared test or a Fisher’s exact test. Univariate and 
multivariate logistic regression techniques were used 
to identify the independent risk factors related to the 
prognosis of patients with ILD. The cutoff values for 
the ILD-GAP score, LUS score, RVD, and RVGLS were 
determined with a receiver operating characteristic 
(ROC) curve analysis and a Delong test for ROC curve 
comparison. Survival was estimated using the Kaplan–
Meier method. A log-rank test was used to compare 
the survival rate between the two groups. To determine 

the independent risk factors of survival, a Cox propor-
tional-hazards model was used. We employed a sequen-
tial Cox model method to determine the incremental 
value of cardiopulmonary ultrasound parameters over 
the ILD-GAP score alone, in association with the pri-
mary endpoint. Specifically, the incremental value was 
defined by a significant increase in the C statistic value.

Results
Baseline characteristics
During the follow-up period (median 50.0  months, 
interquartile range 14.8–54.3  months), 38 patients 
died  (ILDd), and 36 patients survived  (ILDs). The base-
line characteristics of the study population, divided 
according to survival status, is shown in Table 1. There 
were no significant differences in the distribution of 
ILD subtypes between the two groups. The mean age 
was significantly higher in  ILDd compared to  ILDs, 
and the percentage of women was also lower. Arterial 
oxygen partial pressure  (PaO2), arterial oxygen satura-
tion  (SaPO2), FVC%, DLCO%, and total lung capac-
ity (TLC%) were all lower in  ILDd compared to  ILDs, 
whereas the ILD-GAP score was higher.

Table 1 Baseline characteristics

Data are presented as mean ± SD (normally distributed) or median [IQR] (not normally distributed)

ILD interstitial lung disease, IPF idiopathic pulmonary fibrosis, CTD connective tissue disease, NSIP nonspecific interstitial pneumonia, HP hypersensitivity pneumonitis, 
SBP systolic blood pressure, DBP diastolic blood pressure, PaO2 arterial oxygen partial pressure, PaCO2 arterial carbon dioxide partial pressure, SaPO2 arterial oxygen 
saturation, NT-proBNP N-terminal pro brain natriuretic peptide, FVC forced vital capacity, DLCO diffusing capacity of the lung for carbon monoxide, TLC total lung 
capacity, GAP gender, age, physiology

Variable Total (N = 74) ILDs (N = 36) ILDd (N = 38) P value

Age (years) 59.47 ± 9.63 55.72 ± 9.94 63.00 ± 8.00 0.001

Women, n (%) 39.19% 55.56% 23.68% 0.005

Duration of disease (month) 12 (2.8–48) 6 (1–12) 48 (12–72) < 0.001

ILD subtypes, n (%)

 IPF 14 (18.9%) 6 (16.7%) 8 (21.1%)

 Unclassifiable ILD 26 (35.1%) 13 (36.1%) 13 (34.2%)

 CTD‑ILD 23 (31.1%) 10 (27.8%) 13 (34.2%)

 Idiopathic NSIP 6 (8.1%) 3 (8.3%) 3 (7.9%)

 HP 5 (6.8%) 4 (11.1%) 1 (2.6%)

 SBP (mmHg) 127.55 ± 14.81 129.33 ± 13.54 125.87 ± 15.91 0.318

 DBP (mmHg) 77.77 ± 9.82 77.92 ± 9.21 77.63 ± 10.49 0.902

  PaO2 (mmHg) 75.78 ± 16.04 79.64 ± 14.35 71.81 ± 16.91 0.039

  PaCO2 (mmHg) 41.52 ± 7.37 41.5 (39.25–44.00) 39.91 ± 5.68 0.092

  SaPO2 (%) 96 (91–97) 96 (94–97) 95 (90–96) 0.034

 NT‑proBNP (pg/ml) 50.56 (33.40–219.42) 33.40 (23.74–47.96) 125.00 (50.40–590.87) < 0.001

 FVC% 77.86 ± 18.81 83.89 ± 16.58 71.1 ± 19.16 0.012

 DLCO% 51.74 ± 18.80 59.52 ± 16.71 43.06 ± 17.50 0.001

 TLC% 70.52 ± 17.12 77.20 ± 17.19 63.04 ± 13.89 0.002

 ILD‑GAP score 2 (0–3) 1 (‑1–2) 3 (1–4) < 0.001
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Cardiopulmonary ultrasound parameters
Several cardiopulmonary ultrasound parameters differed 
significantly between  ILDd and  ILDs patients (Table  2). 
The  ILDd group exhibited a larger RVD and primary pul-
monary artery diameter  (DMPA), and a lower RV function 
than the  ILDs group. The RV function was characterized 
by the TAPSE, RVFAC and RVGLS. The mean RVGLS 
value of the  ILDd group was even lower than the normal 
range recommended by the accepted guidelines (− 18.6% 
vs − 20.0%) [16].  ILDd patients had significantly more 
severe pulmonary fibrosis, as shown by both the higher 
total number of B-lines and the LUS score. The intra- and 
inter-observer interclass correlation coefficients for the 
LUS score were 0.90 (0.84–0.94) and 0.84 (0.76–0.90), 
respectively. The mean intra- and inter-observer dif-
ferences in the LUS score were − 0.20 ± 2.19 (limits of 
agreement, − 4.5 to 4.1) and − 0.6 ± 2.63 (limits of agree-
ment, − 5.8 to 4.5), respectively.

The prognostic value of cardiopulmonary ultrasound 
parameters
Univariate and multivariate logistic regression analysis 
showed that the ILD-GAP score, RVD, RVGLS, and LUS 
score were independently correlated with poor prognosis 
in patients with ILD (Table 3). Receiver operating charac-
teristic (ROC) analysis of the incremental value of com-
bining cardiopulmonary ultrasound parameters with the 
ILD-GAP score for risk assessment revealed two optimal 
models. The first was model 2, which consisted of the 
ILD-GAP score, LUS score, and RVD (C statistics 0.91 vs 
0.76, P = 0.005), and the second was model 3, which con-
sisted of the ILD-GAP score, LUS score and RVGLS (C 

statistics 0.88 vs 0.76, P = 0.033) (Fig.  1). The C statistic 
values between the two models were not significantly dif-
ferent (0.91 vs 0.88, P = 0.44).

The cutoff values of the RVD, RVGLS, and LUS score 
associated with risk of death in patients with ILD were 
determined using the ROC analysis. The resulting cut-
off values were 32 mm for RVD, − 21.6% for RVGLS and 
14 points for LUS score. ILD patients with a larger RVD 
(> 32 mm), a worse RVGLS (> − 21.6%) and a higher LUS 
score (> 14 points) had a significantly worse chance of 
survival (Fig. 2).

To further determine the effect of cardiopulmonary 
ultrasound parameters on the survival time of patients 
with ILD, we performed univariate and multivariate Cox 
proportional-hazards regression analyses (Table  4). The 

Table 2 Cardiopulmonary ultrasound parameters

Data are presented as mean ± SD or median [IQR] when data is not normally distributed

LVEDD left ventricular end-diastolic diameter, LVEF left ventricular ejection fraction, RVD right ventricular end-diastolic base dimension, DMPA primary pulmonary artery 
diameter, TAPSE tricuspid annular plane systolic excursion, RVFAC right ventricular fractional area change, S′ peak systolic tricuspid annulus velocity, MPI myocardial 
performance index, SPAP systolic pulmonary artery pressure, RVGLS right ventricular global longitudinal strain, LUS lung ultrasound

Variable Total (N = 74) ILDs (N = 36) ILDd (N = 38) P value

LVEDD (mm) 44.07 ± 3.53 44.03 ± 2.90 44.12 ± 4.08 0.912

LVEF (%) 69.50 ± 4.51 69.20 ± 4.51 69.78 ± 4.56 0.581

RVD (mm) 33.90 ± 5.70 30.98 ± 2.99 36.67 ± 6.28 < 0.001

DMPA (mm) 24.85 ± 3.21 23.68 ± 2.16 25.95 ± 3.66 0.002

TAPSE (mm) 19.90 ± 2.75 20.19 ± 2.19 19.61 ± 3.20 0.361

RVFAC (%) 43.26 ± 6.78 45.81 ± 4.04 40.85 ± 7.93 0.001

S′ (cm/s) 13.04 ± 2.66 12.50 ± 2.25 13.55 ± 2.93 0.090

MPI 0.56 ± 0.144 0.50 ± 0.11 0.61 ± 0.16 0.002

SPAP (mmHg) 29.50 (25.52–38.70) 27.61 ± 4.42 43.23 ± 19.36 < 0.001

RVGLS (%) − 21.50 (− 22.90 to − 19.25) − 22.33 ± 2.96 − 18.60 ± 4.64 < 0.001

B lines 44.45 ± 18.66 35.42 ± 15.99 53 ± 17.06 < 0.001

LUS score 15.45 ± 4.72 13.06 ± 3.93 17.71 ± 4.30 < 0.001

Table 3 Univariate and multivariate logistic regression analysis 
for predictors of the risk of death in patients with ILD

OR odds ratio, CI confidence interval, ILD-GAP interstitial lung disease-gender, 
age, physiology, RVD right ventricular end-diastolic base dimension, RVFAC right 
ventricular fractional area change, SPAP systolic pulmonary artery pressure, 
RVGLS right ventricular global longitudinal strain, LUS lung ultrasound

Univariable
(OR, 95% CI)

P value Multivariable
(OR, 95% CI)

P value

ILD‑GAP score 1.77 (1.27–2.46) 0.001 2.25 (1.29–3.92) 0.004

RVD (mm) 1.37 (1.15–1.63) < 0.001 1.66 (1.20–2.29) 0.002

SPAP (mmHg) 1.14 (1.05–1.23) 0.001

RVFAC (%) 0.87 (0.79–0.96) 0.003

RVGLS (%) 1.36 (1.13–1.65) 0.002 1.54 (1.11–2.14) 0.010

B lines 1.07 (1.03–1.11) < 0.001

LUS score 1.30 (1.12–1.50) < 0.001 1.32 (1.02–1.70) 0.034
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primary outcome (all-cause mortality) was associated 
with the ILD-GAP score, RVD, RVGLS, and LUS score 
in the univariate model. A stepwise multiple regression 
model revealed that the ILD-GAP score, RVD, and LUS 
score were all correlated with the prognosis of patients 
with ILD, but not the RVGLS. A direct comparison of the 
prediction value of these three parameters was made, the 
result of which showed that there was no statistically sig-
nificant difference between these three parameters in the 
current cohort. The C statistics of the ILD-GAP score, the 
LUS score, and the RVD were 0.76, 0.76 and 0.79, respec-
tively. We further used C statistics to assess the effects of 
combining several cardiopulmonary parameters with the 
ILD-GAP score by comparing model 1 (ILD-GAP score 
only) with model 2 (model 1 + LUS score + RVD). The 
cardiopulmonary ultrasound parameters showed incre-
mental prognostic value over the ILD-GAP score alone 
[C statistics 0.90 vs 0.76, P = 0.018 (Fig. 3)].

Discussion
The main finding of the present study is that the combi-
nation of cardiopulmonary ultrasound parameters, nota-
bly the LUS score and RVD, with the ILD-GAP score 
improves the prediction of prognosis in patients with 
ILD compared to the ILD-GAP score alone. This shows 

that cardiopulmonary ultrasound is a useful method that 
aids risk stratification in patients with ILD. Aside from 
the severity of pulmonary fibrosis, the cardiac impact of 
ILD—right ventricular remodeling and dysfunction are 
also important in the prognosis of ILD.

RV remodeling and dysfunction correlated with poor 
outcome in patients with ILD
Pulmonary hypertension (PH) is a frequent and severe 
complication in IPF and other ILDs [17]. Pulmonary 
fibrosis-induced destruction of pulmonary vessels, 
hypoxic pulmonary vasoconstriction and pulmonary 
vascular remodeling induced by vasoactive compounds 
can all lead to PH [18]. The RV is highly sensitive to pres-
sure overload [19] and the gradual increase of SPAP in 
patients with ILD causes compensatory enlargement and 
hypertrophy of the RV, which can lead to dysfunction, 
right heart failure and death.

Using multivariate analysis, we showed that RVD and 
RVGLS were more related to the outcome of patients 
with ILD than the SPAP parameter. This finding is in 
agreement with the study on IPF patients by Rivera-Leb-
ron et al. [20] and other previous studies that examined 
PH [21]. Andersen et  al. [13] showed that ILD patients 
with PH had markedly higher mortality than those with-
out PH. Our study also found that the death group had a 
higher proportion of PH cases, but no significant correla-
tion between SPAP and prognosis.

In our study, only RVGLS was found to correlate with 
the prognosis of patients with ILD, but not the traditional 
right ventricular functional parameters (i.e. TAPSE, 
RVFAC). This might be because such parameters do not 
show abnormalities in the early stage of right ventricular 
remodeling. Nevertheless, a previous study showed that 
RVGLS could reveal early impairment of right ventricular 
function, even in IPF patients without pulmonary hyper-
tension [22].

Although this study initially found a correlation 
between RVGLS and the risk of death in patients with 
ILD, this correlation was not confirmed by the multi-
variate Cox proportional hazard regression model. This 
might be due to the fact that right ventricular function 
was relatively preserved among the patients enrolled in 
the present study. The median value of the RVGLS was 
− 21.5%, which was significantly higher than the − 20% 
value that is recommended by the ASE guidelines [16]. 
This may be the reason why RVGLS was not found to be 
related to the prognosis of patients with ILD in our mul-
tivariate analysis.

The RV parameter that correlated with prognosis in 
patients with ILD was RVD. Bax et  al. [23] showed in 
a recent study that the ratio between the RV and the 
left ventricle on CT pulmonary angiograms predicted 

Fig. 1 Receiver operating characteristic (ROC) analysis of the 
incremental association value of cardiopulmonary parameters when 
added to the ILD‑GAP score. Model 1: ILD‑GAP score, AUC = 0.76; 
Model 2: ILD‑GAP score + LUS score + RVD, AUC = 0.91; Model 3: 
ILD‑GAP score + LUS score + RVGLS, AUC = 0.88; Model 4: ILD‑GAP 
score + LUS score + RVD + RVGLS, AUC = 0.94. Model 1 versus Model 
2 Comparison P value = 0.005; Model 1 versus Model 3 Comparison 
P value = 0.033; Model 2 versus Model 3 Comparison P value = 0.440; 
Model 3 versus Model 4 Comparison P value = 0.069
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Fig. 2 Kaplan–Meier analysis of event‑free survival. Patients were stratified according to the cutoff value of the RVD, RVGLS, and LUS score. a 
RVD > 32 mm and RVD ≤ 32 mm for patients with ILD. b RVGLS > − 21.6% and RVGLS ≤ − 21.6% for patients with ILD. c LUS score > 14 points and 
LUS score ≤ 14 points for patients with ILD
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mortality in ILD, rather than echocardiography param-
eters such as TAPSE or RVFAC. These findings demon-
strated the importance of morphological changes in the 
RV, especially when SPAP cannot be obtained. A change 
in RV shape and volume can be the first sign of RV dys-
function or volume overload [24].

ILD LUS score correlated with poor outcome in patients 
with ILD
A large number of previous studies have demonstrated 
the accuracy of LUS in evaluating the severity of pulmo-
nary fibrosis in patients with ILD [6–8, 25]. Severe lesions 
of ILD are often present in the peripheral area of the sub-
pleural lung, which facilitates the evaluation of the sever-
ity of pulmonary fibrosis by LUS [26]. Previous studies 

conducted by our team revealed a certain correlation 
between the LUS score and PFT parameters (DLCO%, 
FVC%), the ILD-GAP score, and even some echocar-
diographic parameters, including SPAP and RVGLS, 
in patients with ILD [11, 27]. The present study further 
found the LUS score to be an independent predictor of 
death in patients with ILD.

LUS has been shown to be useful in the evaluation of all 
stages of ILD. In the early stage of ILD, when pulmonary 
parenchyma injury and alveolitis manifests, as well as 
when increased fibrous components in the alveolar sep-
tum, thickened alveolar wall, and interlobular septal are 
observed, numerous B-line artifacts or white lung indi-
cators can be detected by LUS when the subpleural lung 
tissue is involved. When the progressive aggravation of 
alveolar inflammatory injury leads to the destruction of 
the alveolar wall, and the appearance of subpleural cysts 
and a honeycomb, LUS will show blurred pleura lines 
[1, 10]. Recently, Gargani et al. analyzed the relationship 
between B lines and prognosis in patients with systemic 
sclerosis. Their results showed that B lines were an inde-
pendent predictor of ILD deterioration [28]. Although 
their study ignored the importance of pleural lines in 
evaluating lung involvement, they still found a predictive 
value of B-lines. All of these findings indicate that LUS 
is a useful tool for evaluating lung pathology in patients 
with ILD.

Clinical implications
The ILD-GAP score currently used for risk assessment 
of ILD patients largely depends on the FVC and DLCO. 
Prior to disease development, the normal pulmonary 
function of a person can range from 80 to 120% of val-
ues predicted from age, sex and height. A FVC threshold 
of 75% would therefore represent a decline of between 
5 and 45% depending on premorbid values, a ninefold 
variability. It is therefore necessary to use HRCT to refine 
the assessment and identify patients in whom measured 
values are misleading [29]. However, HRCT is not feasi-
ble for dynamic monitoring in the intensive care unit or 
for regular follow-up sessions in chronic patients. LUS 
on the other hand, is much more suitable for dynamic 
monitoring and can be easily repeated without exposing 
patients to ionizing radiation.

In clinical practice, close attention is paid to lung 
lesions in patients with ILD, but their right ventricu-
lar remodeling is largely ignored. In our cohort study, 
we found that RVD can add additional predictive value 
to the ILD-GAP score. RVD is also an easily obtain-
able parameter. Although we failed to obtain RVGLS in 
some patients, we found that using RVGLS in combina-
tion with RVD could not improve prediction efficiency. 
When evaluating the RV in patients with ILD, if RVGLS 

Table 4 Univariate and multivariate Cox proportional‑hazards 
regression analysis for the association with the risk of death in 
patients with ILD

HR hazard ratio, CI confidence interval, ILD-GAP interstitial lung disease-gender, 
age, physiology, RVD right ventricular end-diastolic base dimension, RVGLS right 
ventricular global longitudinal strain, LUS lung ultrasound

Univariable
(HR, 95% CI)

P value Multivariable
(HR, 95% CI)

P value

ILD‑GAP score 3.80 (1.27–2.46) < 0.001 2.88 (1.38–5.99) 0.005

RVD (mm) 1.16 (1.10–1.23) < 0.001 1.09 (1.03–1.16) 0.004

RVGLS (%) 1.18 (1.10–1.26) < 0.001

LUS score 1.18 (1.10–1.27) < 0.001 1.13 (1.04–1.24) 0.006

Fig. 3 Receiver operating characteristic (ROC) analysis of the 
incremental association value of cardiopulmonary ultrasound (LUS 
score and RVD) when added to the ILD‑GAP score. Model 1: ILD‑GAP 
score, AUC = 0.76; Model 2: ILD‑GAP score + LUS score + RVD, 
AUC = 0.90; Model 1 versus Model 2 Comparison P value = 0.018
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cannot be obtained, the dilatation of RVD is considered a 
sign of poor prognosis. Therefore, the addition of the two 
cardiopulmonary ultrasound parameters (LUS score and 
RVD) to the ILD-GAP score may help to further refine 
the risk stratification of patients with ILD.

The inclusion of a cardiopulmonary ultrasound in the 
work up requires extra resources, both human and finan-
cial, but can also decrease the burden of physicians and 
patients by reducing the need for HRCT. The acquisition 
of the LUS score and RVD is simple and quick, requir-
ing less than 5 min to perform even when both LUS and 
echocardiography are included. The LUS is therefore use-
ful for daily monitoring of ILD patients in a hectic hos-
pital setting, whether in the intensive care unit, in the 
general ward or in the outpatient clinic. Compared with 
the high cost of HRCT examination, the application of 
ultrasound greatly facilitates clinical management and 
reduces the medical expenses for patients.

Limitations
Various limitations of the current work should be noted. 
This study is a retrospective single-center study with a 
small sample size, which limits the generalizability of the 
conclusions drawn. The endpoint occurrence (all-cause 
death) was determined by telephone follow-up in almost 
all cases, which can be inaccurate due to recall bias of the 
patients’ families. A large-scale prospective multicenter 
study is needed to confirm the results of this work in the 
future.

Standardized methods for evaluating patients with 
ILD by LUS are lacking, both for pulmonary fibrosis, 
and RV function and structure. The present study used 
the LUS score, which was developed by Buda et  al. to 
evaluate pulmonary fibrosis [10]. For RV function, pre-
vious studies have shown that RVGLS might be a sensi-
tive parameter [16]. However, since no three-dimensional 
echocardiographic images were collected in the current 
work, we were unable to evaluate the correlation between 
RV volume [24] and prognosis of patients with ILD. 
Nevertheless, we still found a good correlation between 
the structural parameter RVD and the risk of death in 
patients with ILD.

This study only focused on whether the addition of 
cardiopulmonary ultrasound parameters could increase 
the prediction value of the ILD-GAP score. There are 
also other scores that have been utilized in the survival 
prediction of IPF patients, such as the TORVAN index 
[30]. It would be interesting to investigate whether the 
addition of the cardiopulmonary ultrasound parameters 
could also increase the prediction value of the other 
scores as well.

In all, this study preliminarily explored the prognos-
tic value of cardiopulmonary ultrasound parameters in 

patients with ILD. This question has been rarely studied 
in the past, and based on the current and encouraging 
results, we will perform large-scale prospective studies in 
the future.

Conclusions
Cardiopulmonary ultrasound is a useful tool for assess-
ing the risk of death in patients with ILD. The addition 
of cardiopulmonary ultrasound parameters, such as LUS 
score and RVD, to the ILD-GAP score can better iden-
tify patients with worse prognosis and who are in need 
of a closer clinical-therapeutic surveillance. Cardiopul-
monary ultrasound may be incorporated into the routine 
management of patients with ILD in the future, especially 
in critically ill patients.
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