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BACKGROUND: The lung function of patients with idiopathic pulmo-
nary fibrosis (IPF) has not been characterized in detail.

OBJECTIVE: To characterize the heterogeneous physiological abnormali-
ties that exist in patients with [PF during their initial clinical evaluation.
METHODS: Lung function tests from 93 patients, performed within six
months of the initial diagnosis of IPF, were obtained from a referral pulmo-
nary function laboratory at a tertiary care hospital in Canada. A restrictive
pattern was defined as total lung capacity (TLC) <95th percentile of pre-
dicted value. Patients with obstructive lung disease, lung cancer, emphy-
sema and other restrictive lung diseases were excluded.

RESULTS: On diagnosis, 73% of patients with IPF had a restrictive pat-
tern, with a mean TLC of 72% of predicted. Mean forced vital capacity
(FVC) was 71% and 44% of patients had an FVC <95th percentile. Mean
diffusing capacity for carbon monoxide (DLcO) was 60% and DLco/
alveolar volume (VA) 92% of predicted. Increased severity of restriction
— based on TLC — was associated with lower DLCO (74% of predicted in
mild restriction and 39% of predicted in severe restriction) and higher forced
expiratory volume in 1 s (FEV,)/FVC ratio (82% of predicted in mild restric-
tion and 90% of predicted in severe restriction) but not with age (76 years in
mild restriction and 69 years in severe restriction). Regardless of severity of
restriction, the average DLCO/VA (>86% of predicted) remained within
normal limits.

CONCLUSIONS: One in four patients with IPF had normal TLC and
more than one-half had a normal FVC during initial evaluation. As the
severity of the restriction increased, FEV,/FVC increased, DLCO decreased
but DLCO/VA remained normal.
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La fibrose pulmonaire idiopathique : un nouvel éclairage
sur les caractéristiques fonctionnelles au diagnostic

HISTORIQUE : La fonction pulmonaire des patients atteints de fibrose
pulmonaire idiopathique (FPI) n’est pas caractérisée en détail.

OBJECTIF : Caractériser les anomalies physiologiques hétérogenes présen-
tes chez les patients atteints de FPI lors de leur évaluation clinique initiale.
METHODOLOGIE : Les chercheurs ont obtenu les explorations fonction-
nelles respiratoires de 93 patients, effectuées dans les six mois suivant leur
diagnostic initial de FPI, aupres du laboratoire d’aiguillage de la fonction
respiratoire d'un hopital de soins tertiaires du Canada. Un profil restrictif
était défini par une capacité pulmonaire totale (CPT) inférieure au 95¢ per-
centile de la valeur prévue. Les patients atteints de maladie pulmonaire
obstructive, de cancer du poumon, d’emphyseme et d’autres syndromes respi-
ratoires restrictifs étaient exclus de I'étude.

RESULTATS : Au diagnostic, 73 % des patients atteints de FPI présentaient
un profil restrictif, pour une CPT moyenne de 72 % de celle prévue. Leur
capacité vitale forcée (CVF) s'élevait a 71 %, et 44 % des patients présen-
taient une CVF inférieure au 95¢ percentile. Leur capacité de diffusion du
monoxyde de carbone (CDMC) moyenne s’élevait 2 60 % et le ratio CDMC/
volume alvéolaire (VA) a 92 % de la valeur prévue. Une restriction plus
grave, d’apres la CPT, s'associait & une CDMC plus faible (74 % de la valeur
prévue en cas de restriction bénigne et 39 % de la valeur prévue en cas de
restriction grave) et a un ratio volume expiratoire maximal par seconde
(VEMS)/CVF plus élevé (82 % de la valeur prévue en cas de restriction
bénigne et 90 % de la valeur prévue en cas de restriction grave), mais pas a
I'age (76 ans en cas de restriction bénigne et 69 ans en cas de restriction
grave). Quelle que soit la gravité de la restriction, le ratio CDMC/VA moyen
(au moins 86 % de la valeur prévue) se maintenait dans les limites normales.
CONCLUSIONS : Un patient atteint de FPI sur quatre présentait une CPT
normale, et plus de la moiti¢, une CVF normale lors de I'évaluation initiale.
A mesure que la gravité de la restriction augmentait, le ratio FEV,/CVF
augmentait et la CDMC diminuait, tandis que le ratio CDMC/VA demeurait
normal.

Interstitial lung diseases (ILDs) are a heterogeneous group of illnesses
that share common clinical, radiological and physiological patterns
but varying pathological appearances (1). They also differ in their
prognosis and response to treatment (2,3). Idiopathic pulmonary fibro-
sis (IPF) is the most common and the most severe ILD of unknown
cause, with a reported median survival of three to five years (4).
Several studies have reported that the decline in lung function is a
useful predictor of mortality in patients with IPF particularly the
decline in forced vital capacity (FVC) (5,6), total lung capacity (TLC)
(5), alveolar-arterial (A-a) gradient (2) and diffusing capacity for car-
bon monoxide (DLCO) (2,7,8). Most of the descriptions of lung func-
tion in patients with IPF are from therapeutic trials (9-13) or from
studies aimed at identifying prognostic factors of survival (2,14-17).
Given the known, nonuniform distribution of pathological change
within the lungs of patients with IPF, it is reasonable to assume that
the nature and extent of pulmonary function abnormalities would be
variable. Moreover, assessment of physiological impairment may be
further confounded by factors such as smoking history and obesity. In
fact, previous studies and clinical experience indicate broad physio-
logical diversity of mechanical volume restriction and pulmonary gas

exchange abnormalities in IPF (2,14-17). To obtain new knowledge
on the physiological abnormalities of IPF, we conducted a retrospect-
ive analysis of lung function data from a sizable group of patients with
a confirmed diagnosis of IPE. Therefore, the purpose of the current
study was to provide a comprehensive characterization of the physio-
logical abnormalities that were present in patients with IPF around the
time of diagnosis and to undertake cross-sectional comparisons of
these physiological abnormalities in subgroups stratified according to
severity of lung volume restriction, accounting for effects of obesity
and chronic obstructive pulmonary disease.

METHODS

Study design

The present study was a retrospective analysis of patients diagnosed
with IPF at Kingston General Hospital (KGH, Kingston, Ontario)
between January 1, 1997 and October 31, 2011. The respirology clin-
ics at KGH serve as a tertiary care, diagnostic referral centre for family
physicians in Kingston and the communities of southeastern Ontario,
with an estimated catchment population of approximately 600,000.
All respirologists serving this area during the study period were located
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1,426 patients with diagnosis of
ILD/RD

Exclusion Criteria
585 patients with concomitant obstructive
lung disease including
Emphysema
COPD
Asthma
Other obstructive lung disease
741 patients with a diagnosis of ILD/RD,
hon-IPF
CTD related ILD
Exposure to organic/inorganic
dusts
Related to drugs
Chest wall disorders
Scoliosis
5 patients with Lung Cancer

\4

93 patients included with defini-
tive diagnosis of IPF as per
ATS/ERS guidelines

TABLE 1
Characteristics of patients with idiopathic pulmonary

fibrosis on initial diagnosis (n=93)
Characteristic

Age, years, mean + SD (minimum-maximum)
Male/female, n/n (%/%)
BMI, kg/m2, mean + SD (minimum-maximum)

72+10 (47-92)
63/30 (68/32)
29.245.1 (18.6-41.2)

Normal: 18.5-24.9 17 (18)
Overweight: 25-29.9 41 (44)
Obese: 30-39.9 33 (36)
Morbidly obese: 240 2(2)
Smoking status
Ex-smoker 48 (52)
Never smoker 30 (32)
Unknown 15 (16)
Work-up diagnosis
Inpatients 16 (17)
Clinical and chest HRCT 9 (56)
Chest HRCT and lung biopsy 7(44)
Outpatients 77 (83)
Clinical and chest HRCT 51 (66)
Chest HRCT and lung biopsy 26 (34)

Figure 1) Selection flow chart of study subjects. ATS American Thoracic
Society; COPD Chronic obstructive pulmonary disease; CTD Connective
tissue disease; ERS European Respiratory Society; ILD Interstitial lung
disease; IPF Idiopathic pulmonary fibrosis; RD Restrictive disease on pul-
monary function tests

at KGH, and all patients with ILDs, including those with a presump-
tive IPE are routinely referred to KGH for diagnosis and
management.

Selection of study subjects
Patients with the diagnosis of IPF during the period of interest were
identified from three sources: patients referred to the respirology clin-
ics; patients admitted to KGH; and the KGH pulmonary function test
(PFT) laboratory database.

Patients with a diagnosis of pulmonary fibrosis and available PFT
data from the main respirology clinics were selected. Their medical
chart records were retrieved to confirm a definitive diagnosis of IPE
Also identified were patients with IPF from the KGH database among
those with ILD according to the corresponding International
Classification of Diseases, Ninth and 10th Revisons classification codes
(516.3, 516.8, J84.1 and ]84.9); and by independently selecting
patients with the diagnosis of restriction (based on a reduced TLC
from the PFT laboratory database). The two databases were then cross-
linked, and patients who had a definitive diagnosis of IPF and had PFT
data were selected for the study.

All patients >18 years of age (Figure 1) who had a definitive diag-
nosis of IPF according to the American Thoracic Society (ATS)/
Eurpean Respiratory Society (ERS)/Japanese Respiratrory Society/
Asociaciéon Latinoamericana de Térax statement (18) were included
based on the presence of a pattern compatible with usual interstitial
pneumonia (UIP) on high-resolution computed tomography (HRCT)
chest scan; a histopathological diagnosis of UIP on lung biopsy, if avail-
able; and exclusion of other known causes of pulmonary fibrosis on
clinical and laboratorial bases and/or on bronchoscopy (eg, connective
tissue disorders, drugs, domestic and occupational environmental
exposures). Also excluded were patients with concomitant obstructive
lung disease (forced expiratory volume in 1 s [FEV,]/FVC ratio <70%),
emphysema on chest CT (if mentioned in the radiologist’s report)
before or concurrent diagnosis of lung cancer, as well as patients with
extrapulmonary restrictive lung diseases such as scoliosis, neuromuscu-
lar diseases and chest wall deformities.

e56

Data presented as n (%) unless otherwise indicated. BMI Body mass index;
HRCT High-resolution computed tomography

PFTs

PFT data from all patients with a diagnosis of IPF from the KGH PFT
laboratory database were retrieved using the patient’s hospital registra-
tion number. This enabled a deterministic linkage because the regis-
tration number is unique for each individual in both the KGH and
PFT laboratory databases. The initial PFTs performed within six
months after the diagnosis of IPF were selected. The PFTs of patients
seen in the respirology clinics are routinely performed at the KGH
PFT laboratory (using V22 [Sensormedic Equipment, USA] using
the ATS/ERS criteria [19-21]). Predictive values used for spirometry
were those from Crapo et al (22); for lung volumes, those from
Goldman and Becklake (23); for airway resistance, those from Briscoe
and Dubois (24); and for single-breath diffusing capacity and single
breath diffusing capacity/alveolar volume (VA), those from Crapo and
Morris (25). The study was approved by the Research Ethics Board of
Queen’s University (Kingston, Ontario).

Statistical analysis

Statistical measures of central tendency and dispersion were used to
summarize the data. Continuous variables are presented as mean + SD
(minimum and maximum [min-max]). Categorical data are presented
as frequencies and percentages.

The presence of a restrictive pattern was based on a reduction in
TLC below the 95th percentile of the predicted value and a normal
FEV,/FVC ratio (26). Because there is no guideline defining the sever-
ity of restriction of lung function, the severity of restriction was classi-
fied according to TLC >75th, >50th, >25th and 10th percentiles,
which closely corresponded to the following: TLC >80% predicted
(very mild restriction); >70% (mild restriction); >60% (moderate
restriction); >50% (severe restriction); and <50% of predicted (very
severe restriction). The demographic, physiological and arterial blood
gas (ABG) characteristics of patients were then compared among the
categories of severity of restriction.

One-way ANOVA was used for continuous variables, with Tukey’s
post hoc adjustments used for multiple comparisons. %2 or Fisher’s exact
test were used for categorical variables. The above analyses were per-
formed for all patients with IPF, and also after excluding obese patients
(body mass index >30 kg/m?). All analyses were performed using SPSS
version 15 (IBM Corporation, USA).

Can Respir J Vol 21 No 3 May/June 2014



TABLE 2
Lung function* of patients with idiopathic pulmonary

fibrosis during initial evaluation (n=93)

Variable Mean + SD (minimum-maximum)
Spirometry
FvC 71£18 (33-130)
FEV, 87+21 (40-157)
FEV,/FVC ratio 8446 (70-98)
FEF,5.75 114442 (35-225)

Peak expiratory flow
Lung volumes

102422 (47-146)

TLC 72+16 (37-110)
Vital capacity 73+19 (33-131)
Inspiratory capacity 72122 (23-123)
Functional residual capacity 71£20 (35-136)
Expiratory reserve volume 94+54 (7-306)

RV 62122 (18-152)
RV/TLC ratio 3613 (15-106)
Airway resistance 123144 (38-248)

(

Specific airway resistance
Lung diffusion capacity
DLco 60£19 (30-118)

10945 (39-317)

DLco/VA 92+20 (48-140)
Arterial blood gas analysis?, absolute values

pH 7.43+0.03 (7.36-7.50)

PaCO,, mmHg 3945 (27-48)

PaO,, mmHg 69111 (51-96)

P(A-a)0, 31+11 (3-57)

Bicarbonate, mmoL/L 25+3 (16-30)

Sa0,, % 9343 (85-98)

*Presented as percent predicted; Tn=45. Kingston Ontario’s altitude is 93 m
above sea level. DLco Diffusing capacity for carbon monoxide; DLco/VA DLco
adjusted for alveolar volume; FEF ,_,5 Forced expiratory flow at 25% to 75% of
vital capacity (VC); FEV, Forced expiratory volume in 1 s; FVC Forced vital
capacity; P(A-a)O, Partial pressure of alveolar-arterial oxygen gradient; PaCO,
Partial pressure of carbon dioxide; PaO, Partial pressure of oxygen; RV
Residual volume; Sa0, Saturation of arterial oxygen, TLC Total lung capacity

RESULTS

After applying the selection criteria (Figure 1) 93 patients with IPF
were included the present study. Patient characterisitics are summar-
ized in Table 1. The mean (+ SD) age of patients on initial diagnosis
was 72+10 years and 38% were obese. The diagnosis of IPF was estab-
lished in 65% of the 93 patients based on a typical UIP pattern on
HRCT, and in 35% of the patients through surgical lung biopsy. Eighty-
three percent of patients had respiratory symptoms (dyspnea and/or
cough) and were diagnosed with IPF as outpatients. The remaining 17%
were diagnosed during a hospital admission: 63% had dyspnea or
chronic cough and a chest HRCT with a UIP pattern; the remaining
37% were asymptomatic and their diagnosis was suspected on incidental
findings from a chest or abdominal CT performed for another condition.
Three of the 93 patients experienced an acute exacerbation and were
hospitalized on initial diagnosis. All patients with incidental findings of
IPF on CT underwent lung biopsy to confirm the diagnosis.

Evaluation of lung function

Among patients with IPF diagnosed as outpatients, 71% had a restrict-
ive pattern on PFTs, compared with 81% of those diagnosed during a
hospital admission (¥2=0.650; P=0.42).

Lung function data at the time of initial evaluation are shown in
Table 2. The mean TLC was 72% of predicted, and 73% (68 of 93) of
patients had a restrictive pattern based on TLC (<95% percentile).
The mean FVC was 71% of predicted and 44% (41 of 93) of patients
had a restrictive pattern based on FVC (<95% percentile). There were
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BAFVC p<0.001
WFEV1 p<0.001
[IFEV1/FVC p<0.001
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Figure 2) Mean forced wital capacity (FVC), forced expiratory volume in
I's (FEV,) and FEV [FVC ratio according to the severity of restriction in
patients with idiopathic pulmonary fibrosis. Error bars represent 95% Cls

27 (40%) patients with restriction — based on a low TLC — who had
normal FVC, while none of the patients with low FVC (<95% percent-
ile) had a normal TLC. The variability of TLC as percent of predicted
(min-max) was 37% to 110%, which was lower than the variability of
FVC (min-max) 33% to 130%.

The mean DLCO was low (60%), but the mean DLCO adjusted for
VA (DLCO/VA) was within normal limits (92%). Only 2% of IPF
patients had a high DLCO and 40% had a high DLCO/VA (>100% of
predicted).

ABG data on room air were obtained in 45 patients during initial
evaluation. The mean P(A-a)O, for all patients was increased
(31£11 mmHg) and the mean partial pressure of oxygen (PaQO,) was
slightly low (69+11 mmHg), as was the arterial oxygen saturation
(Sa0,) (93£3%). The mean acid-base balance and PaCO, were within
normal limits.

Analysis based on the severity of restriction

Demographic and lung function data according to the severity of
restriction are shown in Table 3. The severity of restriction was not
associated with the age or sex of patients.

A lower TLC value was associated with lower FVC and forced
expiratory flows but with a significantly high FEV,/FVC ratio. The
mean FEV /FVC ratio progressively increased with severity of restric-
tion (on average, 90% in patients with severe and very severe restric-
tion) (Figure 2). The forced expiratory flow between 25% and 75% of
vital capacity and the airway resistance did not change significantly
and remained either normal or above normal at all degrees of
restriction.

Lower TLC values were associated with lower values of DLCO;
however, regardless of the severity of restriction, the mean DLCO/VA
remained within normal range (Figure 3).

In ABGs, the PaO, declined as the severity of the restriction
increased, and was accompanied by an increase in the P(A-a)O,. The
oxygen saturation also decreased progressively with increased severity
of restriction; however, the decrease was only statistically and clinic-
ally significant (Sa0,<90%) in patients with very severe restriction
(TLC <50%), as shown in Figure 4. There were no significant changes
in the acid-base parameters.

After excluding obese patients, the evaluation of lung function and
the analyses based on the severity of restriction showed minor varia-
tions in the numerical results; however, the lung function abnormal-
ities and the patterns associated with increased severity of restriction
described above remained unchanged.
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TABLE 3

Severity of restriction based on total lung capacity (TLC) categorized according to percentile and percent predicted

Severity of restriction (percentile)

Normallvery mild (275th) Mild (=50th) Moderate (225th) Severe (210th) Very severe (<10th)
Variable TLC 280% (n=26) TLC 70%-79% (n=26) TLC 60%—69% (n=21) TLC 50%-59% (n=12) TLC <50% (n=8) P
Age, years 767 70+10 73x11 716 69+12 0.156
Male/female, %/% 54/46 73127 81/19 58/42 75/25 0.282
Height, cm 16449 16849 16918 166+10 17245 0.082
Body mass index, kg/m? 29.6+3.8 28.9+5.5 28.5+6.6 30.9+4.2 28.1+5 0.94
Spirometry
FvVC 91+12 74+8 63£10 53+9 459 <0.001*
FEV, 110+15 90+11 7713 67+10 59+13 <0.01f
FEV,/FVC ratio 82+5 84+5 8416 89+4 90+6 <0.01%
FEF,5.75 120438 112134 10547 105426 143467 0.199
PEF 11220 105421 94+18 96+32 90+15 0.0158
Lung volumes
TLC 92+9 74+3 64+3 55+2 4415 <0.0011
VC 93+12 77+8 63+£10 54+9 4519 <0.01f
IC 93+19 74+12 62+14 55+13 42412 <0.01f
FRC 90+21 72+10 66+10 569 4547 <0.001**
ERV 115166 104447 85+45 60+44 71+31 0.018
RV 81+24 59+15 58+13 52+13 36+15 <0.0017t
RV/TLC ratio 39+16 34+14 3619 37+10 31+11 0.594
RAW 103156 119+39 12647 126142 142442 0.530
sRAW 133471 106432 104+37 98+31 91+27 0.119
Lung diffusion
DLco 74+19 62+18 50+13 51+11 39+7 <0.001
DLco/VA 94+16 89+22 86121 107+24 87+18 0.107
Arterial blood gases
pH 7.44+0.03 7.42+0.03 7.44+0.03 7.41+0.04 7.43+0.02 0.298
PaCO,, mmHg 37+4 4045 3916 40+4 4144 0.497
Pa0,, mmHg 81+13 735 65+9 66+4 52+0.1 <0.001%*
P(A-a)0, 22+13 25+8 35+10 337 4545 0.0048§
Bicarbonate, mmoL/L 2412 25+2 254 2512 26%1 0.813
Sa0,, % 95+3 95+1 92+3 93+1 86+1 <0.0011M

Data presented as mean = SD unless otherwise indicated. P values from ANOVA with post-hoc Tukey adjustment for multiple comparisons, except for sex, in which
x2 and Fisher’s exact test were used. *P<0.01 for all comparisons except for severe versus very severe; TP<0.01 for all comparisons except for moderate versus
severe and severe versus very severe; *P=0.01 normal versus severe and very severe,P<0.05 mild versus severe and very severe, and moderate versus severe
and very severe; $P=0.03 normal versus moderate; 1P<0.0001 for all comparisons; **P<0.001 normal versus mild, moderate, severe and very severe, P<0.02 mild
versus severe and very severe, and moderate versus very severe; 11P<0.001 normal versus mild, moderate, severe and very severe, P=0.03 mild versus very
severe, and moderate versus very severe; ¥#P<0.002 normal versus moderate, severe and very severe, and mild versus very severe; $8P<0.04 normal versus mod-
erate and very severe, and mild versus very severe; MP<0.001 normal, mild and moderate versus very severe, and severe versus very severe, P=0.03 normal
versus moderate. DLco Diffusing capacity for carbon monoxide; DLco/VA DLco adjusted for alveolar volume; ERV Expiratory reserve volume; FEF 5 ;5 Forced
expiratory flow at 25% to 75% of vital capacity (VC); FEV, Forced expiratory volume in 1 s; FRC Functional residual capacity; IC Inspiratory capacity; FVC Forced
vital capacity; P(A-a)O, Partial pressure of alveolar-arterial oxygen gradient; PaCO, Partial pressure of carbon dioxide; PaO, Partial pressure of oxygen; PEF Peak

expiratory flow; RAW Airway resistance; SaO, Oxygen saturation; SRAW Specific RAW; TLC Total lung capacity

DISCUSSION

Our study aimed to characterize lung function in patients with IPF on
initial diagnosis. We report the results of patients diagnosised with IPF
based on currently accepted criteria (18) referred to a tertiary care
centre in Canada. To properly assess lung function in IPE, we excluded
subjects with evident airway obstruction on spirometry, patients with
conditions that could affect lung function and patients with emphy-
sema on chest CT because combined pulmonary fibrosis and emphy-
sema may represent a distinct clinical phenotype and affects only a
minority of patients with IPF (27).

The main findings of the present study are: one in four patients
with IPF had a normal TLC and more than one-half had a normal
FVC on initial presentation; regardless of the severity of restriction, as
measured by reduction of TLC, the average DLCO/VA remained nor-
mal; the FEV,/FVC ratio increased with increasing severity of restric-
tion; and age was not associated to the severity of restriction.

More than one-quarter of patients with IPF had a normal TLC
(<95% percentile) on initial evaluation, while more than one-half had
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a normal FVC. Furthermore, 40% of patients with restriction — based
on a low TLC - had a normal FVC, while no patients with a low FVC
had a normal TLC. The variability of TLC was lower than the vari-
ability of FVC in our study subjects. Thus, our results suggest that TLC
is a more reliable parameter to identify patients with IPF on initial
evaluation; however, this should be confirmed in further studies.

The mean TLC of the total sample was 72% of predicted, which is
similar to most studies that have reported TLC in patients with IPF
(2,7,8,12,14) since the initial ATS/ERS guidelines were published
(28). The mean FVC in our study (71%) was similar to several studies
that have reported FVC in patients with IPF (6,8,10,14,15) but higher
than the FVC reported by others (2,9,11,16). This is likely explained
by tertiary care referral and selection biases in previous studies, and
different stages of severity of IPF because patients with moderate and
severe disease are more likely to be referred to tertiary care centres.
Compared with the study by Collard et al (2) — to our knowledge, the
only other study reporting most of the lung function parameters we
describe — our patients had a significantly higher FEV,, DLCO and
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Figure 3) Mean diffusing capacity for carbon monoxide (DLCO) and
DLcCO[arterial volume (VA) according to the severity of restriction in
patients with idiopathic pulmonary fibrosis. Error bars represent 95% Cls

DLCO/VA, and a lower TLC, which may reflect differences in disease
stage or, more likely, the fact that we excluded patients with emphy-
sema. The rationale for excluding these patients was that subjects with
combined pulmonary emphysema and fibrosis are a minority among
patients with IPF (27) and they could bias the lung function results of
most [PF patients.

At presentation, most of our patients had symptoms attributable to
IPF; however, one in 16 (6.3%) were asymptomatic and their diagnosis
of IPF was suspected on incidental findings on chest CT during a hos-
pital admission and confirmed with lung biopsy. Previously, Rosas et al
(29) identified 22% (31 of 143) of subjects with asymptomatic IPF
among family members with familial IPF; however, the proportion of
asymptomatic patients in nonfamilial IPF is not clear.

Because there is no currently accepted classification for severity for
restrictive lung diseases, we categorized the severity of restriction
based on percentiles (75th, 50th, 25th and 10th). Interestingly, these
percentiles coincided with the arbitrary percent predicted cut-offs the
ATS/ERS recommend to assess severity of obstruction (26).

It was interesting that age was not associated with severity of
restriction in IPF in our patients, suggesting that IPF is a heterogen-
eous disease that encompasses subgroups of patients with different
patterns of severity on initial presentation and, potentially, with differ-
ent pathophysiology and prognosis. Alternatively, it may be that
younger patients perceive symptoms earlier than older patients.

As expected, the DLCO decreased as the severity of restriction
increased; however, the correlation between DLCO and TLC in our
IPF patients was low (R?=0.29; P<0.001), suggesting that the lung
recoil and gas exchange abnormalities do not necessarily progress in
parallel.

On the other hand, for all degrees of restriction, the mean DLCO/VA
remained within normal limits, suggesting that the low DLCO in IPF
patients is primarily explained by an abnormal distribution of ventila-
tion, because when corrected by tracer gas measuring alveolar volume,
the DLCO is normalized. The fact that DLCO, but not DLCO/VA,
declines with the severity of restriction supports the current recommen-
dations to use DLCO over DLCO/VA when interpreting PFTs (26).

Whereas the mean FEV, declined with progressive restriction, the
mean FEV,/FVC ratio increased significantly, being highest in patients
with the most severe degrees of restriction. This is likely explained by
the progressive increase in elastic recoil that occurs with worsening
pulmonary fibrosis, which in turn increases the volume-adjusted flows
(30).

Clinically significant low SaO, (<90%) was observed only in
patients with very severe restriction (TLC <50%); with the exception of
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Figure 4) Oxygen saturation (SaO,) according to the severity of restriction
in patients with idiopathic pulmonary fibrosis. The only significant difference
in SaO, was in the very severe restriction group compared with other degrees
of restriction (P<0.001). Error bars represent 95% Cls

one patient with low SaO, in the group with moderate restriction, all
patients with mild, moderate and severe restriction had SaO, >290%.
Thus, clinicians should expect IPF patients with moderate and even
severe restriction to have normal SaO,. On the other hand, if confirmed
by future studies, significantly low SaO, (<90%) could help in identify-
ing patients with very severe IPE

Limitations

In retrospective studies, missing information is not uncommon, and
our study lacked information regarding ABGs for almost one-half of
our patients. However, with the exception of missing information on
DLCO and DLCO/VA in 11 (12%) patients, information regarding the
other lung function parameters was complete for all of our study
patients. Patients with unavailable DLCO data had, on average, more
severe restriction (mean TLC 60%) compared with those with avail-
able DLCO (mean TLC 72%; P<0.05); thus, most patients with mis-
sing DLCO results were likely unable to perform the DLCO manoeuvres
due to the severity of their disease. Patients with low SaO, on pulse
oximetry were more likely to have ABGs performed; thus, the ABG
results reported in our study may not apply to all individuals with IPF
on initial evaluation.

Another limitation of our study was the small number of patients with
IPF in the ‘severe’ and ‘very severe’ categories of restriction (Table 3);
thus, the results found on IPF patients with severe and very severe
restriction on initial diagnosis should be confirmed in larger studies.

Although our study provides more comprehensive information
than previous studies investigating lung function abnormalities in
patients with IPF at initial evaluation, no inferences can be made
about the prognosis of such patients.

Finally, because our study was not strictly population based, the
lung function reported may not accurately reflect that of the general
population. However, because universal health care in Canada permits
timely access to medical care for all patients, our study approximates a
population-based analysis. Thus, our results most likely represent the
lung function of most patients with IPF on their initial presentation to
a clinician or found incidentally on chest imaging.

CONCLUSION

We found that one in four patients with IPF had normal TLC and more
than one-half had normal FVC on initial evaluation, and that as sever-
ity of the restriction increased FEV,/FVC increased, DLCO decreased
but DLCO/VA remained normal. Also, age was not associated with
severity of restriction. Hence, our study provides new knowledge with
regard to the physiological abnormalities of IPF at initial presentation
that could have important clinical and prognostic implications.
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