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ABSTRACT

Context: For the follow-up of patients with idiopathic interstitial pneumonias (lIP), it is unclear which parameters
of pulmonary function tests (PFT) and exercise testing would correlate best with high-resolution computed
tomography (HRCT). Aim: To find out the correlation of symptom scores, PFTs and exercise testing with HRCT scoring in
patients diagnosed as idiopathic interstitial pneumonia. Settings and Design: Cross-sectional study done in pulmonary
medicine outpatients department of a tertiary care hospital in South India. Materials and Methods: Consecutive patients
who were diagnosed as IIP by a standard algorithm were included into the study. Cough and dyspnea were graded
for severity and duration. Pulmonary function tests and exercise testing parameters were noted. HRCT was scored
based on an alveolar score, an interstitial score and a total score. The HRCT was correlated with each of the clinical
and physiologic parameters. Pearson’s/Spearman’s correlation coefficient was used for the correlation of symptoms
and parameters of ABG, PFT and 6MWT with the HRCT scores. Results: A total of 94 patients were included in the
study. Cough and dyspnea severity (r= 0.336 and 0.299), FVC (r=-0.48), TLC (r=-0.439) and DLCO and distance
saturation product (DSP) (r = —0.368) and lowest saturation (r = —0.324) had significant correlation with total HRCT
score. Among these, DLCO, particularly DLCO corrected % of predicted, correlated best with HRCT score (r=-0.721).
Conclusion: Symptoms, PFT and exercise testing had good correlation with HRCT. DLCO corrected % of predicted
correlated best with HRCT.
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INTRODUCTION

fibrosing alveolitis (CFA), is the most common form of
pea
Idiopathic interstitial pneumonias (IIP) are a heterogeneous

group of diffuse parenchymal lung diseases (DPLD)
characterized by lung parenchymal damage with
varying patterns of inflammation and fibrosis. Idiopathic
pulmonary fibrosis (IPF), earlier known as cryptogenic
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Characteristic physiological aberrations in IPF include
reductions in lung volumes, impaired single-breath
diffusing capacity for carbon monoxide (DLCO) and
impaired oxygenation (at rest or with exercise).** The
DLCO is the most sensitive of the static pulmonary
functional parameters, and may be reduced even when
lung volumes are preserved. The diffusion capacity can be
normalized to alveolar volume ventilated (VA) yielding the
DLCO/VA ratio. Exercise testing provides a reproducible
and objective marker of the extent of impairment./*®
Despite its limitations, due to its ease of performance,
6-minutes walk (6 MWT) test may be accepted as a
quantitative method for the same.

Lung India * Vol 32 ¢ Issue 6 * Nov - Dec 2015



Isaac, et al.: ldiopathic interstitial pneumonia - correlations with HRCT

Although HRCT is the best non-invasive method for
assessing the pattern (fibrosis versus inflammation) and
quantifying the extent of the disease in IIP patients at
diagnosis, its frequent repetition is ill-advised because
of the radiation burden and its high cost. Conventional
pulmonary function tests are routinely performed in the
evaluation of patients with IIP, but their correlation with
the extent and progression of the disease has not been very
well demonstrated.

Although there are few case series on IPF from India,
these have not compared HRCT scores with PFT or
symptomatology or 6 MWT. This study aims to find out
the correlation between symptoms, PFT and 6 MWT with
HRCT scores in patients with IIP.

MATERIALS AND METHODS

This is a cross-sectional study performed from January
2007 to May 2008 in the Pulmonary Medicine outpatients
department of a tertiary care hospital in South India. The
study was approved by the Institutional Review Board. The
sample size was calculated based on a previous study,!®
where the correlation between HRCT score and DLCO
has been found to be —0.4. Anticipating a -0.1 correlation
between HRCT score and DLCO at 5% level of significance
and 80% power of the study, the required sample size was
found to be 80 subjects.

Consecutive patients who were diagnosed as IIP by a
standard diagnostic algorithm [Figure 1] were enrolled
in the study. Also, these patients if they underwent an
HRCT, pulmonary function tests and 6 MWTs for ongoing
assessment at least 3 months later (if within the study
period) were re-enrolled into the study. The patients
who were unwilling or did not undergo evaluation as
stipulated by the algorithm were excluded. The patients
who did not have a good quality HRCT which is required
for HRCT scoring or if they had an alternate diagnosis on
TBLB (trans-bronchial lung biopsy) as per algorithm were
excluded from the final analysis.

Cough severity was assessed by a visual analogue
score (VAS).! Cough duration was recorded in months.
Dyspnea was recorded in terms of modified medical
research council (mMRC) score.®! The duration was
recorded in months. Physical examination was done
and relevant signs and symptoms were recorded. An
arterial blood gas measurement was done at rest, the
PaO, (partial pressure of oxygen in the arterial blood) was
recorded and the P(A-a)O, (alveolar arterial gradient) was
calculated. PFT was standardized and done according to
ATS recommendations.”

All the following parameters of the pulmonary function
test were recorded viz., FEV, (Forced Expiratory Volume at
the end of the first second), FVC (Forced Vital Capacity),
FEV /FVC (Forced Expiratory Volume at the end of the first
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Signs and symptoms of ILD

Chest X-ray, spirometry

If c/w ILD
Lung volumes, DLCO, 6 min walk test, HRCT

1 Confirms ILD

Is the history suggestive of a cause for ILD?
connective tissue disorder

drug exposure

antigen exposure

No
Ye

What is the HRCT picture?
Appropriate serological tests

No
Definite systemic disease
Yes
Excluded from study
Doubtful diagnosis / Strong suspicion
of diagnosis other than IIP Definite IIP
1 Suggestive of IIP / other

causes ruled out

FOB + TBLB Include into study

Figure 1: Standard diagnostic algorithm used for the diagnosis of
idiopathic interstitial pneumonia

second as a ratio of the Forced Vital Capacity), TLC (Total
Lung Capacity), DLCO (Diffusion capacity measured
with Carbon Monoxide), DLCO/VA (Diffusion capacity
measured with Carbon Monoxide adjusted for the alveolar
volume ventilated). From the 6MWT, the distance walked
in meters and lowest saturation were recorded and the
distance saturation product (DSP) was calculated in m%,
which is the product of the distance walked in meters and
the lowest saturation recorded.

All HRCTs were performed with 1-mm thick sections at
10-mm intervals. The HRCT was scored by an experienced
chest radiologist using the scoring system recommended by
Gay et al."! Alveolar score for each lobe ranged from 0 to 5.
An average was obtained for the mean total alveolar score.
Interstitial score for each lobe also ranged from 0 to 5. An
average was taken to be the mean total interstitial score.
The total of the mean total alveolar score and the mean
total interstitial score gave the mean total HRCT score.

All variables were initially analyzed descriptively. The
analysis of continuous variables was carried out through
observation of minimum and maximum values, and
calculation of means and standard deviations. Absolute
and relative frequencies were calculated for categorical
variables. Symptoms, ABG, PFT and 6MWT were correlated
with the HRCT scores. Pearson correlation coefficient was
calculated for those parameters with a normal distribution
and those which were continuous. Parameters which
had a skewed distribution and those which were ranked
had correlation calculated by Spearman’s rho correlation
coefficient.
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Table 1: Demographic data and baseline characteristics

Characteristics No. (%)
Clinical parameters

Total no. of patients 94
Type of IIP

UIP (IPF) 78 (83)

NSIP 13 (14)

DIP 3(3)
Age in years

Mean 53

Range 19-76
Sex

Male 43 (46)

Female 51(54)
Smoking

Current smokers 6 (6)

Ex-smokers 20 (21)

Non-smokers 68 (73)
Symptomatology
Cough

Duration in months (mean) 34

Severity by visual analog score (mean) 4.79
Breathlessness

Duration in months (mean) 21
mMRC scale

0 13%

1 29%

2 23%

3 21%

4 14%
Examination

Velcro crackles 88%

Clubbing 50%

Pedal edema 21%

Loud P2 18%

Elevated JVP 9%

Cyanosis 5%

Body mass index mean in kg/m? 24
Comorbidities

Ischemic heart disease 8%

Bronchiectasis (not related to IIP) 1%

Bronchial asthma 6%

COPD 8%
Laboratory parameters

Pa0, (mean) in mmHg 68

P (A-a) O, gradient (mean) 37

Pulmonary function tests
FVC in liters

FVC % of predicted
FEV in liters

FEV % of predicted

Mean (range, standard deviation)
1.56 (0.7-3.16, 0.57)
51% (23-101, 18)
1.35(0.63-2.77, 0.53)
55% (26-113, 18)

FEV /FVC 88 (57-100, 10)
TLC in liters 2.65(1.29-5.05, 0.91)
TLC % of predicted 56% (29-103, 16)
DLCOc % of predicted 43% (8-86, 21)

DLCOc/VA % of predicted
6 minute walk test (mean)

80% (22-191, 24)

Baseline SpO, 95
Lowest SpO, 86
6 minute walk distance in meters 356
Distance saturation product in m% 309
HRCT score Mean (range, standard deviation)

Mean alveolar score
Mean interstitial score
Mean total score

2.14 (0-4.6, 1.11)
2.52(0-4.2,0.82)
4.66 (0.6-7.2, 1.27)

IIP: Idiopathic interstitial pneumonias, UIP: Usual interstitial
pneumonitis, IPF: Idiopathic pulmonary fibrosis, NSIP: Non-specific
interstitial pneumonitis, DIP: Desquamative interstitial pneumonitis,

Contd...
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mMRC: Modified medical research council, JVP: Jugular venous
pressure, COPD: Chronic obstructive pulmonary disease, FVC: Forced
vital capacity, FEV : Forced expiratory volume at the end of the first
second, TLC: Total lung capacity, DLCOc: Diffusion capacity measured
with Carbon Monoxide, corrected for haemoglobin, VA: Alveolar volume
ventilated, HRCT: High-resolution computed tomography

RESULTS

The sample size required was 80. Since not all patients
managed to perform DLCO successfully, the sample
size was exceeded in order to try and achieve sufficient
numbers with the result of this test. A total of 105 sets of
data were collected from 94 patients. Seven patients had
PFT and concurrent HRCT twice during the study period
and two patients had these thrice during the study period
and hence were included more than once into the study.
Only 61 patients completed full PFT including DLCO.
One patient among this was excluded as TBLB diagnosed
sarcoidosis subsequently. Five patients were excluded due
to a suboptimal HRCT due to motion artifacts. Finally, 55 of
the 61 patients had a HRCT that was adequate for scoring.

The demographic data and baseline characteristics of the
94 patients are listed in Table 1. The mean age group of
our patients was 53 and 68% of them were between 41 and
60 years of age. This is at least a decade younger compared
to its prevalence in the western population. There was a
slight female preponderance contributed by both IPF and
NSIP patients. Among the 11 patients below 41 years of
age, there were six females and five males; seven of these
patients had IPF, three had NSIP and one had DIP. Among
the 20 patients over 60 years of age, all were IPE, except
one patient with DIP; there 12 males and eight females
in this group. Only 28% of the patients were current or
ex-smokers. All of them had presented with cough and
breathlessness but the cough seems to have preceded the
breathlessness by nearly a year. Crackles were the most
common examination finding and clubbing was seen in
50%.

The correlations of the symptoms, PaO,, P(A-a)O2,
pulmonary function test and the 6 MWT test parameters
with the HRCT alveolar scores, interstitial scores and
total scores are listed in Table 2. Although the duration of
cough did not have any correlation with the total HRCT
score, the cough severity as assessed by a visual analog
scale had modest but statistically significant correlation.
Likewise, the duration of dyspnea did not correlate with
the total HRCT score, but the dyspnea severity as assessed
by MMRC dyspnea scale showed a statistically significant
correlation, although the r value was only 0.299. The PaO,
and the PAO, - PaO, at rest did not have any significant
correlation with the total HRCT score.

Among 6MWT parameters, the lowest O, saturation
(r = -0.353) and the distance saturation product (DSP)
(r=-0.353) had a statistically significant negative correlation
with the total HRCT score. Among the PFT parameters
FEV, (r = -0.38) and FVC (r = -0.48), showed statistically
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Table 2: Correlations with HRCT scoring (*r value)

Parameters Alveolar HRCT score Interstitial HRCT score Total HRCT score
Correlation Sig. (2 tailed) Correlation Sig. (2 tailed) Correlation Sig. (2 tailed)
coefficient (r) coefficient (r) coefficient (r)
Cough severity 0.072 0.523 0.413 <0.001 0.336 0.002
Cough duration 0.089 0.395 0.252 0.15 0.067 0.525
Dyspnea severity 0.151 0.157 0.262 0.013 0.299 0.004
Dyspnea duration 0.106 0.321 0.176 0.096 0.015 0.887
PaO, -0.117 0.324 -0.267 0.022 -0.287 0.014
P (A-a) O, gradient 0.061 0.606 0.129 0.296 0.139 0.241
FVC -0.339 0.002 -0.291 0.010 —-0.480 <0.001
FEV, —0.287 0.011 -0.210 0.065 —0.380 0.001
TLC —0.349 0.004 -0.239 0.053 —-0.439 <0.001
DLCOc -0.219 0.123 —0.576 <0.001 —0.565 <0.001
DLCOc % of predicted —0.466 0.070 -0.523 0.002 -0.721 <0.001
DLCOc/VA —0.056 0.685 —-0.590 <0.001 —0.441 <0.001
DLCOc/VA % of predicted —0.138 0.320 —0.549 <0.001 —0.434 <0.001
Lowest saturation —0.228 0.058 -0.231 0.055 -0.324 0.006
6MWD —0.081 0.507 —-0.296 0.013 —0.283 0.018
DSP —0.149 0.219 —0.340 0.004 —0.368 0.002

FVC: Forced vital capacity, FEV : Forced expiratory volume at the end of the first second, TLC: Total lung capacity, DLCOc: Diffusion capacity
measured with Carbon Monoxide, corrected for haemoglobin, VA: Alveolar volume ventilated, DSP: Distance saturation product, HRCT: High-resolution

computed tomography

significant negative correlation with the total HRCT scores.
FEV /FVC (r = 0.423), a measure of obstruction showed a
significant positive correlation. FVC (r = —0.48) showed the
best correlation, which was superior to TLC (r = —0.439).

Since DLCO was the parameter that was found to correlate
best with HRCT in previous studies, we analyzed this
in greater detail and separately looked at correlation of
DLCO, DLCO/VA, DLCOc, DLCOc/VA in actual values
and as % of predicted. All these showed statistically
significant negative correlation with total HRCT score with
‘r’ values above - 0.40 [Table 2]. The best correlation was
seen with DLCO corrected % of predicted (r = —0.721).
Correlations of DLCO with HRCT were analysed further,
to see if emphysema would influence it. After excluding
the patients with emphysema the correlations were similar
with only modest differences and the comparisons are
tabulated in Table 3.

DISCUSSION

Review of the literature revealed that there are eight
studies!®'*1? published so far (the last one unpublished
data), which have looked at the correlation of HRCT with
pulmonary function tests and only two of these have
looked at the correlation between HRCT and symptom
scores. Seven of the eight studies!®'**”! have shown good
correlation and the other revealed moderate correlation
between HRCT and PFT.['Y The latter study!'¥ has used a
histogram of the HRCT to correlate (and it found kurtosis
to correlate maximally with the PFT), whereas the others
have used the usual HRCT scores. Of the seven studies
showing good correlation between PFT parameters and
HRCT, two?1 have shown only DLCO to correlate
significantly and another!® has shown both DLCO and FVC
to correlate significantly. The other four studies!*'” have
found all the PFT parameters to correlate significantly.
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Table 3: Influence of excluding patients with
emphysema on correlations (r value) of DLCO with HRCT

Patients with

Patients with

emphysema included emphysema
(all patients) excluded
DLCO actual -0.514 —0.482
DLCO % of predicted —0.517 —0.565
DLCO corrected actual —-0.565 —0.447
DLCO corrected % of predicted —0.721 —0.685
DLCO/VA actual —0.420 —0.326
DLCO/VA % of predicted —0.477 —0.338
DLCO/VA corrected Actual —0.441 —0.387
DLCO/VA corrected % of predicted —0.434 —-0.393

DLCO: Diffusion capacity measured with Carbon Monoxide, VA: Alveolar
volume ventilated, HRCT: High-resolution computed tomography

Of the two studies that have looked at the correlation of
dyspnea with HRCT, one showed limited correlation*
and the other significant correlation.™ Two studies had
looked at 6 MWT and its correlation with HRCT. When one
of them found only modest correlation,** the other found
good correlation with oxygen de-saturation on exercise."?

In a study of 39 patients by Xaubet et al., the PaO, at peak
exercise was found to correlate with ground glassing and
overall HRCT with r values of 0.6 and 0.64 and P values
of 0.02 and 0.01, respectively. But in our study neither
PaO, nor PAO, - PaO, have any significant correlation with
HRCT scores.

FVC has been shown to correlate well with HRCT in two
previous studies.*'¥ In the study by Xaubet et al.,’”) FVC
correlated better with ground glassing (r = —0.58) than with
overall score (r = —0.46) similar to our study [Table 2]. In this
same study where the researchers also looked at the follow
up of patients with treatment, FVC variation over a period of
time significantly correlated with corresponding variations
in HRCT (r = —0.51). The study by Mura et al.,** also found
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Table 4: Comparison of the ‘r value with previous
published data

Parameters Our study  Xaubet Wells Staples Peris
(n=105) etal'® etal" etal™ et al
1998 1997 1987 2009
(n=39) (n=68) (n=23) (n=25)
FVC —0.480 —0.46 - - -0.45
TLC —-0.439 - - - -0.56
DLCO -0.721 (n=55) —-0.40  —0.68 —0.64 —-0.56
Lowest saturation —-0.353 —0.64 -0.64 - -
DSP —0.353 - - - -

DLCO: Diffusion capacity measured with Carbon Monoxide,
FVC: Forced vital capacity, TLC: Total lung capacity,
DSP: Distance saturation product

good negative correlation of both TLC and FVC with HRCT
scores. In our study too we found good correlation of both
FVC (r = -0.48) and TLC (r = —0.439), the former being
better than the latter. Hence FVC is a PFT measure which
correlates well with HRCT scores, even better than TLC.

Wells et al.,'” with the largest sample size so far studied,
found DLCO % of predicted to correlate well with HRCT
of patients without emphysema (r = —0.68). Staples
et al.™ studied 23 patients and found DLCO to correlate
well (r = -0.64) with HRCT (visual analogue scale of
0-100%). Our study has been able to demonstrate a better
significance or a larger r value (r = —0.721) for correlation
of DLCO % of predicted with HRCT. Since IIP is associated
with loss of alveolar volume, correcting for alveolar volume
underestimates the lung damage. Hence, DLCO correlates
better with HRCT rather than DLCO/VA.

The comparative data of this study with earlier published
data is shown in Table 4.

The first limitation of our study is that it is a cross sectional
study. It does not throw light on the correlations of various
parameters with changes in HRCT over time. Secondly,
the study was under-powered especially for correlations
of DLCO with HRCT for reasons mentioned earlier.

CONCLUSIONS

This study shows that cough severity and dyspnea severity
among symptoms (smaller r value), FVC, TLC, DLCO
among PFT parameters and lowest oxygen saturation and
DSP from among the six minute walk test have statistically
significant correlation with total HRCT score in patients
with idiopathic interstitial pneumonia. DLCO showed
the best correlation and among the diffusion capacity
measures, DLCO corrected % of predicted correlated the
best with HRCT. A study which is adequately powered, also
looking at correlation of changes in DLCO with changes
in HRCT will be useful in ensuring that this is the best
parameter that could be used in the follow-up of patients
with idiopathic interstitial pneumonia.
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