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ABSTRACT

Interstitial lung diseases are a heterogeneous group of disorders that affect, to a greater or lesser degree, the alveolus, peripheral

airway, and septal interstitium. Functional assessment in patients suspected of having an interstitial lung disease has implicatior|s

for diagnosis and makes it possible to objectively analyze both response to treatment and prognosis. Recently the clinical value

of lung-diffusing capacity and the six-minute walking test has been confirmed, and these are now important additions to
the traditional assessment of lung function that is based on spirometry. Here we review the state-of-the-art methods for the
assessment of patients with interstitial lung disease. (REV INVEST CLIN. 2015;67:5-14)

Corresponding author: Luis Torre Bouscoulet, luistorreb@gmail.com

Key words: Interstitial lung disease. Idiopathic pulmonary fibrosis. Pulmonary function test. Minimum clinically significant

difference. Pulmonary hypertension.

INTRODUCTION

Interstitial lung diseases (ILD) are a heterogeneous
group of disorders that affect, to a greater or lesser
degree, the alveolus, the peripheral airway, and the
septal interstitium. Although ILD share certain physi-
ological, clinical, and radiological characteristics, they
are distinct entities2. The American Thorax Society
and the European Respiratory Society propose a clas-
sification into two categories: ILD with known etiol-
ogy, and idiopathic ILD. The latter is further classified
as: (i) major idiopathic interstitial pneumonias; (i) rare
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idiopathic interstitial pneumonias; and, ii) unclassifi-
able idiopathic interstitial pneumonias!34. Of the idio-
pathic forms, idiopathic pulmonary fibrosis (IPF) is the
most common and has the worst prognosis since it |s
characterized by patches of dense, sub-pleural fibrosis
alternating with areas of healthy lung tissue. Other
idiopathic ILD are characterized by varying degrees of
inflammation and fibroproliferative activity>~.

As in other respiratory diseases, the functional evalua-
tion of patients with suspected ILD has implications for
diagnosis and the assessment of treatment. In addition,
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prognosis depends on the patient’s functional condition
at the time of diagnosis and the changes that occur in
the months following treatment onset®. In recent
years, understanding of the functional changes that
occur in patients with ILD®-12 has expanded, so the
objective of the present review is to examine the cur-
rent state of knowledge in the field and to analyze
the contribution of relevant developments to improve
the prognosis. We believe that this information will be
of great interest to clinicians who treat patients with
ILD. We conducted a thorough review of the publica-
tions listed in PubMed, using the following keywords
for our search: interstitial lung disease, pulmonary
fibrosis, pulmonary function test, spirometry, diffus-
ing capacity, 6-minute walking test, lung volumes, and
cardiopulmonary exercise test.

GENERAL CONSIDERATIONS
ON LUNG FUNCTION EVALUATION

Any adequate evaluation of lung function, must include
at least an assessment of pulmonary mechanics, gas
exchange, and response to exercise (Table 1). The
standard test for evaluating respiratory mechanics is
spirometry, while lung-diffusing capacity of carbon
monoxide (DLCO) is the best test for assessing gas
exchange. The cardiopulmonary exercise test (CPET)
is the best means available for analyzing integrated
responses to exercise, but due to its complexity and
cost, it is not very practical. The six-minute walking
test (6MWT) is a simple, low-cost alternative.

ABNORMALITIES IN LUNG MECHANICS

In ILD patients, the functional pattern is predominant-
ly restrictive, manifested by a progressive reduction
of pulmonary volume and capacity. Most patients show
a decrease in total lung capacity (TLC), vital capacity
(VQO), and functional residual capacity (FRC). Some
exceptions to this restrictive pattern occur in diseas-
es such as lymphangioleiomyomatosis, Langerhans cell
histiocytosis and, occasionally, end-stage sarcoidosis.
In these diseases, pulmonary volumes may be normal
or even increased so these indicators may be useful
in differential diagnoses.

Forced spirometry reveals a reduction in forced vital ca-
pacity (FVC) with no limitation of the forced expiratory

Table 1. Common functional abnormalities in patients with
interstitial lung diseases

Abnormalities in lung | VC

mechanics JCompliance (|FRC and |ITGV)
Lung restriction (| TLC)
TR5Hz
Abnormalities in gas | DLCO
exchange |Pa0,, |Sa0,

1A-a O, gradient

Abnormalities during | VO,
exercise testing TVE/VCO,
1VD/Vt
IMVV
VE/MVV
{VO,/HR
| distance in 6MWT

VC: vital capacity; FRC: functional residual capacity;

ITGV: intrathoracic gas volume; TLC: total lung capacity;

R5Hz: resistance measured at 5 Hertz; DLCO: diffusion capacity;
PaO,: partial pressure for oxygen; Sa0,: arterial saturation of
oxygen; A-a O, gradient: alveolar-arterial oxygen gradient; VO,:
oxygen uptake; VE: ventilation; VCO,: carbon dioxide output; VD:
dead space; Vt: tidal volume; MVV: maximal voluntary ventilation;
HR: heart rate; 6MWT: six minute walking test.

volume in the first second (FEV,), which produces a
normal or elevated FEV,/FVC (Fig. 1). However, spj-
rometry does not reliably identify lung restriction
because it does not measure static lung volumes?.

For several decades FVC has been used as an outcome
when studying patients with IPF. A decline in serial mea-
surements of FVC is a widely accepted indicator of dis-
ease progression in IPF and an outcome commonly used
in therapeutic trials. A decline of at least 10% in FVC
indicates disease progression. Other authors suggest
that a reduction of 6% in FVC in a period of 24 weeks
may be sufficient to affect the prognosis?3.

When evaluating respiratory restriction, corporal ple-
thysmography is the standard because it allows mea-
suring static lung volumes!4. This procedure uses
direct measurements of FRC, tidal volume (Vt), vital
capacity (VC), and inspiratory capacity (IC), to indi-
rectly calculate TLC and residual volume; it is then
possible to identify the restrictive ventilatory pattern
manifested by TLC, volume of intrathoracic gas, and
VC below 80% of that predicted. By using TLC it is
possible to assess restriction. Total lung capacity
is calculated by adding FRC and IC.

Respiratory restriction may also be determined using
imaging methods, the simplest of which is a chest
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Figure 1. Flow volume curve obtained from a forced spirometry. The result suggests restriction and is confirmed by measuring
pulmonary volumes by corporal plethysmography. Note that the FEV,/FVC ratio is 89% (normal), with FVC at 75% of the
predicted value, and TLC is 62% of predicted. These results confirm restriction. FEV : forced expiratory volume in the first second;
FVC: forced vital capacity; RV: residual volume; ITGV: intrathoracic gas volume; TLC: total lung capacity; VC: vital capacity.
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radiograph. In addition, TLC can be quantified using
planimetry or by inert gas dilution techniques that
may be an alternative when plethysmography is not
available.

The pressure-volume curve of patients with ILD shows
a reduction of lung compliance; the curve is clearly
displaced downwards and to the right compared with
the curve of a normal subject (Fig. 2). Likewise, there
is an increase in elastic retraction pressure. The re-
duction of compliance increases respiratory effort be-
cause the system must generate a larger pressure
gradient (AP) to displace the same volume of. Lung
compliance decreases as a consequence of loss of
lung volume, increase in the amount of interstitial
connective tissue, and increase in surface tension
due to changes in the surfactant or alveolar size. To
assess compliance, an esophageal catheter must be
introduced to measure the transpulmonary pressure,
which produces discomfort. As pulmonary rigidity

increases, so too does the percentage of fibrosis,
leading to a worse prognosis.

The pathological mechanisms involved in the reduction
of lung volume seen in most ILD patients include the
complete or partial obliteration of some alveolar units,
invasion of alveolar spaces by cells and inflammatory
exudates, thickening of the alveolar walls due to extracel-
lular matrix, and destruction of lung parenchyma (Fig. 3).
The increase in elastic retraction pressure reduces the
FRC, which, in turn, increases airway resistance.

In the bronchiolocentric forms of ILD, such as hyper-
sensitivity pneumonitis, respiratory bronchiolitis as-
sociated with ILD, and sarcoidosis, as well as in pa-
tients with concomitant chronic obstructive pulmonary
disease, an obstructive or mixed (i.e. restrictive plus
obstructive) functional pattern may be observed??:
Table 2 summarizes the characteristics of the ob-
structive, restrictive, and mixed functional patterns.
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Figure 2. Pressure-volume curve from interstitial lung disease
patients is characteristically displaced downwards and to the
right, compared to normal subjects or to patients with em-
physema. This indicates that greater pressure is required to
generate the same volume. ILD: interstitial lung disease; TLC:
total lung capacity.
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Respiratory patterns and gas exchange

In ILD, the abnormalities in gas exchange generally
precede changes in respiration mechanics. The char-
acteristic respiratory pattern of ILD patients consists
of a decrease in Vt and an increase in respiratory
frequency that generates rapid, shallow breathing. This
respiratory pattern seems to be mediated by an in-
crease in afferent vagal activity, although extra-va-
gal influences (i.e. reflexes of the thoracic wall or a
behavioral modification dependent on cortical per-
ception of the afferent information from the respira-
tory system) may also contribute. This rapid, shallow

Figure 3. Microphotographs that illustrate: A) A normal lung with an unaltered terminal bronchiole (arrow head), alveolar space (AS
and the unaltered alveolar septum (arrows); and, B) A section of lung from a patient with interstitial lung disease. Arrows indicat
localized, thickened sub-pleural septa caused by deposits of collagen fibers and scarce lymphoplasmacytic infiltration. Also visible are
zones with end-stage lesions (ESL). Hematoxylin-eosin staining; 4x increase from the original (Courtesy: Miguel Gaixola, M.D.).

2014

ventilatory pattern is an adaptive process because
reduces respiratory effort in the presence of reduce
lung compliance.

,_,.
ons

Publicati

When analyzing gas exchange, the characteristic fin
ing in ILD patients is hypoxemia. In places of high alt
tude, such as Mexico City, hypoxemia is consider
when the partial oxygen pressure (Pa0,)is < 60 mmH
or the oxygen saturation level (5a0,) is < 90%1¢. |
the initial stages of ILD, arterial gases at rest tend t
be normal. The hypoxemia seen in ILD patients is a
sociated with an increase in the alveolus-arterial oxy-5
gen gradient (A-a gradient) that worsens with exerci ec
and is often accompanied by a normal or increas
ventilatory state (normo- or hypocapnia); the pH va
ues remain within normal ranges. Carbon dioxide re
tention is rare, usually manifesting only in terminal
stages of the disease. Occasionally, an adequate oxy
genation at rest may be seen, but hypoxemia be
comes evident once exercise begins since this reduces
blood circulation time through the lung capillaries?”.
is important to keep in mind that normal PaO, or SaC
levels do not rule out the possibility that significar
hypoxemia may occur during exercise or sleep.

ermanyer

o

©

n

isher.

irittén permission of t

~—. N
prior wri

—h

ithout the

The mechanisms involved in the physiopathology ¢
hypoxemia at rest and of the increase of the A-a C
gradient are almost exclusively due to an imbalanc
in the ventilation:perfusion ratio (V/Q) accompe
nied, with some areas being poorly ventilated byt
well perfused and others, more importantly, being

1. MD N
copying w

€d or photo

~

1]
uc

Ication may pbe reprod




JOSE LUIS MIGUEL-REYES, ET AL.: FUNCTIONAL RESPIRATORY ASSESSMENT IN INTERSTITIAL LUNG DISEASE

Table 2. Physiologic characteristics observed in obstructive, restrictive, and mixed pattern

Functional pattern FEV,/FVC quotient TLC RV DLCO
Obstruction due to COPD | Normal or ¢ Normal or ¢ 1)
Obstruction due to asthma ) Normal or Normal or 1 Normal or ¢
Lung restriction Normal or ¢ | | |
Extrapulmonary restriction Normal or ¢ | Normal or | Normal
Mixed { ! Normal |

COPD: chronic obstructive pulmonary disease; DLCO: diffusion lung of carbon monoxide; FEV,: forced exhaled volume in 1 second;

FVC: forced vital capacity; RV: residual volume; TLC: total lung capacity.

well ventilated but poorly perfused, a condition that
increases the V/Q ratio. During exercise-induced hy-
poxemia a second contributing factor, in addition to
the V/Q imbalance, is poor oxygen diffusion through
the alveolar capillary units that occurs due to, among
other causes, a thickening of the membrane, a reduc-
tion in the area available for gas exchanges, and a
decrease in contact time between alveolar oxygen and
the circulating erythrocytes8-2°.

Abnormalities in gas exchanges may also be detected
by measuring DLCO; indeed, this seems to be the first
functional abnormality that is observed in the course
of ILD21:22, The DLCO evaluates the transference of
carbon monoxide (CO) from the alveolar space to the
inside of the lung capillary divided by the difference
of CO pressures in the two compartments. Factors
that determine gas diffusion through a semiperme-
able membrane include structural elements such as
pulmonary volume, distance to the exchange phase,
membrane thickness, exchange surface, effects of the
airway closure, and pulmonary capillary blood volume,
as well as functional aspects such as absolute V/Q
levels, uniformity of the V/Q ratio, alveolar gas com-
position, diffusion characteristics of the membrane,
hemoglobin bonding properties, and gas pressure in
the alveolar capillaries. All of these determinants are
included in Fick’s law:

Vgas = A xDx (P, -P)/T

This means that the volume of gas (Vgas) which
diffuses through a semipermeable membrane is de-
termined by the exchange area (A), the diffusion
coefficient of the gas involved (D), and the pressure
difference on the two sides of the alveolar-capillary

membrane (P, - P,), while it is inversely proportionai
to the thickness of the membrane or diffusion dis-
tance (T)23-25. This measurement loses accuracy when
assessing patients with extremely reduced pulmonary
volumes (VC < 1.0 I) (Fig. 4).

Most ILD patients experience a reduction of DLCO,
although this is not specific of a particular type of ILD.
Reduced DLCO is due, in part, to the destruction of
functionally heterogeneous alveolar capillary units.
The lung regions with reduced compliance due to fi-
brosis may be poorly ventilated but continue to be
well perfused, a condition that produces low V/Q ra-
tios. The severity of the reduction in DLCO does nat
correlate well with the state of the disease because the
extensive areas of fibrosis do not always translate into
severely reduced DLCO. Similarly, some patients with
ILD may have a substantial reduction of lung volumes or
severe hypoxemia, even though the DLCO is normal
or only slightly reduced. This is specially true in cases of
sarcoidosis?®. The occurrence of moderate-to-severe
reductions in DLCO in the presence of normal lung
volumes should suggest ILD associated with emphy-
sema, pulmonary vascular disease, Langerhans cell his-
tiocytosis, or lymphangioleiomyomatosis. The DLCO s
a useful measure in follow-up to determine prognosis.

Some studies have shown that in the initial stages of
sarcoidosis and asbestosis, an increase in the DLCO
may be seen?®. This increase is made possible by the
membrane diffusion component, which is associated
with the initial inflammatory phase. The increase in
DLCO has been described as a characteristic finding in
diffuse pulmonary hemorrhages due to the presence
of erythrocytes in the alveolar spaces. In the early in-
flammatory stages of some ILD, an increase in CO
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Figure 4. Diagram of diffusing capacity of carbon monoxide
and diffusing capacity of nitric oxide based on the unique
respiration method in which a volume of expiratory reserve
maneuver is performed on the basis of stable tidal volume
respiration. After that, an inspiratory vital capacity maneu-
ver had subjects inhale a mixture of gases (CO 0.3%, He
14%, O, 15% and NO 40 ppm) up to their total lung capac-
ity. After an apnea period of 10 seconds, a slow expiratory
vital capacity maneuver was performed to take measure-
ments of both CO and NO. The analysis of CO was done by
mass spectrometry while NO was analyzed by chemilumines-
cence. CO: carbon monoxide; FACO: alveolar carbon monox-
ide fraction; FAHe: alveolar helium fraction; He: helium; NO:
nitric oxide.

Single breath

0.3% CO
14% He
18% O,
NO 40-8 ppm
FACO
FAHe ., Spirometer
Absorption He + CO
€O, +H,0 analysis
NO

(by chemiluminescence)

W ° Dead space

Qwash-out
Volume inspired .\jSample

(5]
£ 1 :
3 : |
> ) : \\
Resﬁjual | Effective breath holding time ; Expiration
volume (RV) V
,,,,,, Yo (') Time (seconds) 1|o

diffusion may be found, possibly associated with an
increase in alveolar-capillary permeability. A recently
described index of alveolar gas transference called
“diffusing capacity of nitric oxide” (DLNO) is being
evaluated. Nitric oxide is captured 4.3-times faster
than CO using the single-breath method. This obser-
vation, although somewhat fortuitous, has stimulated
the research into alveolar transference (diffusion)
since DLNO is considered to express the true diffusion
capacity of the membrane due to its very high affinity
for hemoglobin and its independence from pulmonary
capillary blood volume (Fig. 4)27.

10

ALTERATIONS IN PULMONARY
CIRCULATION

Vascular abnormalities are characteristics shared by
all ILD. The development of pulmonary hypertension
(PH) is a determinant for prognosis, especially in pa-
tients with IPF or pulmonary disease associated with
scleroderma. The traditional concept that PH in IPF
patients is caused by hypoxic pulmonary vasoconstric-
tion and loss of pulmonary capillaries has not been
fully demonstrated in recent clinical studies. The bio-
logical processes that underlie progressive fibrogene-
sis may also contribute to vascular remodeling and
PH28.2° Recent studies suggest that there is a relation-
ship between fibrosis of the lung parenchyma and the
mechanisms that cause structural and functional ab-
normalities of the pulmonary blood vessels3°. The fact
that there is an anatomical proximity of the blood ves-
sels, the interstitial space, and the alveolar epitheliurn
may help to understand the pathogenic mechanisms
that lead to the development of PH in ILD patients. The
presence of PH in IPF, sarcoidosis, or systemic sclerosis
is considered an indicator of poor prognosis in terms
of respiratory function, quality of life, and survival.

According to the guidelines for diagnosis and treat-
ment of PH, IPF is classified in Group 3 (i.e. PH due to
pulmonary disease or hypoxia) to distinguish this ill-
ness from other clinical conditions that cause PH. Pul-
monary hypertension is defined as > 25 mmHg in the
mean pressure of the pulmonary artery (mPAP) mea-
sured at rest by right heart catheterization. Although
the definition of PH during exercise is less standard-
ized, IPF patients may show normal hemodynamics
while at rest and develop significant PH only while ex-=
ercising. Some coexisting disorders, such as obstruc-
tive sleep apnea, coronary artery disease with left
ventricular dysfunction, and pulmonary embolism, may
contribute to the development of PH in IPF patients.

EXERCISE CAPACITY

Exercise deeply affects the respiratory function of ILD
patients. Figure 5 shows the factors that contribute
to limitations during exercise, a situation that gener-
ally produces rapid, shallow breathing with a significant
worsening of dyspnea and a significant reduction of
Pa0,. The ILD patients also show a significant reduction
in their exercise capacity. The most commonly used
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Figure 5. Factors that limit exercise capacity in ILD patients.
CO: cardiac output; PVR: pulmonary vascular resistances;
VD: dead space; LV: left ventricle; VT: tidal volume.
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exercise tests are the 6MWT and CPET. The most
important measurement in the 6MWT is the number
of meters that the patient walks, but modifications in
oxygen saturation provide additional information to
evaluate in more detail the progression of the disease
or response to treatment3!. The 6MWT may also pro-
vide information that is more accurate than other pul-
monary function tests, especially in IPF patients3233,
Some retrospective cohort studies suggest that a re-
duction of 30 meters in the distance walked has im-
plications for prognosis32. Another study reports that
after 24 weeks of follow-up, a decrease of 50 meters,
or walking fewer than 207 meters, bring a fourfold
greater risk of dying within a year, compared with
patients who walk more than this distance33. An index
proposed by Lettieria, et al. includes both the distance
walked and the degree of desaturation during the
6MWT. The nadir of SpO, multiplied by the distance
walked in meters (the distance-saturation product)
has been shown to have high sensitivity and specificity
to determine survival at 12 months in IPF patients3“.
Studies using the 6MWT have also described a factor
called “heart rate recovery”, defined as the reduction
in the heart rate during the first minute after finishing
the 6MWT; that is, the heart rate is measured at the
end of the 6BMWT and then compared with the heart
rate after one minute. When a subject’s heart rate

11

does not decrease by at least 14 beats per minute,
chronotropic incompetence is suspected due to a
disturbance in parasympathetic activity that is asso-
ciated with poor prognosis3>.

In the CPET, the most common finding in patients with
ILD is a reduction in maximum oxygen uptake (VO,max)
because the respiratory system is unable to respond to
the increased demand for oxygen at tissue level, such
that exercise ends early with a low anaerobic threshold.
This threshold is defined as the moment in which an-
aerobic energy producing mechanisms are activated:
Other findings include a progressive increase in dead
space during exercise (i.e. an increase in the VD/\Vit
ratio) and a higher ventilation/VCO, quotient. The lat-
ter reflects the system’s inefficiency in eliminating CC,
at a given level of ventilation; that is, the lesser the
inefficiency of the system the greater the ventilation
required to eliminate a given quantity of CO,, condi-
tions that lead to increases in the ventilation/VCQ,
quotient. This quotient increases even more with a co-
existing PH because the restriction in the pulmonary
vascular bed reduces the availability of CO,.

The ventilation/maximum voluntary ventilation ratio
is high in patients with chronic respiratory disorders,
including those with ILD. In healthy subjects, maximurn
ventilation during exercise does not exceed 80% of
the amount the subject is capable of breathing (max-
imum voluntary ventilation); that is, there is a respi-
ratory reserve of approximately 20%. But patients
with chronic respiratory disorders have a reduced
ventilatory capacity (maximum voluntary ventila-
tion), that is, when ventilation increases during exer-
cise they quickly reach their maximum respiratory
capacity, which means that the ventilation/maximurn
voluntary ventilation ratio approaches 1, thereby de-
pleting the respiratory reserve.

Left ventricular dysfunction is another factor that may
reduce an individual’s capacity to exercise. Factors
related with it include reduced cardiac output (heart
rate x systolic volume). In CPET, this phenomenon
may be indirectly assessed by measuring oxygen
pulse (VO,/HR), which is equivalent to systolic vol-
ume and therefore will be low in patients with ven-
tricular dysfunction.

From the clinical perspective, the disproportionate
limitation to exercise related with abnormalities in
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pulmonary volume and oxygen desaturation during
exercise could be an indicator of the development of
PH in IPF patients?®:3%. Since hypoxemia is not always
evident at rest, and it is not always possible to detect
severe exercise-induced hypoxemia, it may be impor-
tant to consider conducting a CPET that involves se-
rial measurement of arterial gases, or measuring oxy-
gen saturation by pulse oxymetry. Arterial oxygen
desaturation, or the inability to adequately reduce the
volume of dead space by exercising (e.g. a high VD/
Vt ratio), together with an excessive increase in respi-
ratory frequency with a lower-than-expected recruit-
ment of tidal volume, provide useful information re-
garding physiological abnormalities and the extent of
disease development. Longitudinal follow-up of pa-
tients with IPF has identified a VO,max threshold of
8.3 ml/kg/min, below which the risk of death increas-
es significantly (hazard ratio of 3.4)37.

PULMONARY FUNCTION TESTS
IN PULMONARY HYPERTENSION

One method for screening ILD patients for PH relies on
a formula that predicts mPAP from standard pulmo-
nary function tests. In this equation, pulse oxymetry at
room air (Sp0O,) together with the percentage of FVC
and DLCO are found to be predictor parameters for
calculating pulmonary artery pressure. Although this
formula has a low positive-predictive value, only 51%,
it does provide a high negative-predictive value of 96%,
thus identifying IPF patients with a low risk for PH. In one
study this formula showed to be a useful tool in IPF pa-
tients, with a performance similar to that of transesoph-
ageal echocardiography?383°. However, the study, which
was conducted in subjects living at sea level, used the
pulmonary function test reference equations for sub-
jects different from the population living at high alti-
tudes. Moreover, it included only young patients who
were in the waiting list for lung transplantation and,
therefore, represented the most severe cases. In the
less severe cases no right cardiac catheterization was
performed even though such procedure would have
confirmed or ruled out the findings calculated by us-
ing the prediction formula.

Pulmonary hypertension is common in the combined
syndrome of pulmonary fibrosis with emphysema,
which can be considered a distinct entity with its own
characteristic functional profile; i.e. lung volume is
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preserved, DLCO is severely reduced, and exercise-
induced hypoxemia is present. The severe decrease in
DLCO probably represents the cumulative or syner-
gistic effects of emphysema, fibrosis, and pulmonary.
vascular disease and is one of the hallmarks of this
syndrome. Pulmonary hypertension is a critical deter-
minant of poor prognosis4%41,

METHODS FOR FUNCTIONAL
FOLLOW-UP

The clinical course of patients with IPF varies. It may
have long periods of stability or periods of acute de-
terioration with a gradual but constant decline in
pulmonary function*>43. This unpredictable nature
underlines the importance of identifying factors that
may help to make more precise prognoses for pa-
tients at the time of diagnosis4.

Table 3 shows the functional factors present at diag-
nosis and the changes in physiological parameters in
the first six months after diagnosis that result in a
poor prognosis. One relevant point is that parame-
ters such as DLCO and high-resolution computed
tomography findings have implications both at the
moment of diagnosis and during follow-up. Clinicai
efficacy is best evidenced by a beneficial effect on
clinically significant outcomes, including perception of
symptoms, functions (i.e. the ability to perform daily
life activities), or survival. In ILD, and especially in IPF,
the main outcomes are mortality due to all causes
and non-elective hospitalizations due to all causes.
For IPF, there are no validated measures of symptoms
or broader constructs such as health status or func-
tional status. A surrogate outcome is defined as an
indirect measure that may well replace clinically sig-
nificant outcomes. Once they are validated, surrogate
outcomes may prove to be an appropriate means of
prognosis; however, validation requires evidence that
the effect of an intervention or a clinically significant
outcome is reliably predicted by the effect of an in-
tervention in the surrogate outcome. At present, for
patients with IPF, there are no validated surrogate
outcomes. In subjects with ILD a reduction of FVC of
at least 10%, or of DLCO of at least 15%, over a
period of 6-12 months is associated with reduced
survival rates. While a change in FVC is a good sur-
rogate for subsequent mortality, it is imperfect be-
cause some patients die without a 10% reduction,
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while others may live for long periods of time even
after a decline of 10% in FVC. This has led to observa-
tions in some recent studies of changes in the per-
centage of predicted FVC as an independent predictor
of mortality in IPF, together with the concept of the
minimum clinically significant difference. This is the
smallest difference in a measure that may be seen
as important in terms of benefit or risk, and that
would lead clinicians to consider a change in treat-
ment. Hence, it is an important concept in clinical
medicine that will help to interpret the significance of
changes observed in one measurement, and could
affect the perceived efficacy of an intervention.
Minimum clinically significant difference may also
have implications for the design of clinical trials in
terms of selecting primary and secondary outcomes, as
well as in estimating the sample size. In these studies, a
minimum clinically significant difference for a predicted
FVC between 2 and 6% has been identified.

CONCLUSIONS

The evaluation of respiratory function is of great
importance in patients with suspected ILD in relation
to differential diagnoses, assessing responses to in-
terventions, and establishing prognoses. Among the
pulmonary function tests, DLCO is the only one that
has implications for prognosis from the moment of
diagnosis (baseline measurements). The magnitude of
the compromised functionality, especially in terms of
hypoxemia and reduced compliance, correlates with
the extent of the morphological lesions. It is important
to emphasize that alterations in gas exchange tend to
precede changes in breathing mechanics; it could in-
crease the sensitivity for diagnosing ILD. As these dis-
eases progress, the fibrosis extends and, as a result,
tissue destruction continues and hypoxemia worsens,
especially during exercise. In the final stages, hyper-
capnia will develop, which will signal a poor prognosis.
For all these reasons, and to determine prognosis, the
identification of trends in the different parameters of
pulmonary function is a better approach than making
baseline measurements.

It is important to stress that the changes observed in
ventilatory mechanics and gas exchange are common
to most ILD and therefore do not support specific
diagnoses. Also, with the possible exception of the k
constant of the pressure-volume curve (which shows
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only marginal significance) and the increase in A-a
gradient, pulmonary function tests do not discrimj-
nate between inflammation and fibrosis. An improve-
ment in the alveolar-arterial oxygen difference during
exercise seems to correlate with minimal fibrosis. Fi-
nally, the 6MWT is the most useful, practical exercise
test in ILD patients because it is easy to perform,
requires no sophisticated equipment, and has signifi<
cant prognostic value.
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