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Implications for the Diagnosis of
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OBJECTIVE: To examine the frequency and spectrum of diseases
associated with isolated reduction in the diffusing capacity of lung
for carbon monoxide (DLCO).

PATIENTS AND METHODS: We retrospectively identified all poten-
tially dyspneic patients who had pulmonary function tests (PFTs)
performed at the Mayo Clinic in Jacksonville, Fla, between January
1, 1990, and June 30, 2000, that showed reduced DLCO (<70% of
predicted), normal lung volumes (total lung capacity and residual
volume >80% and <120% of predicted, respectively), and airflow
variables (forced expiratory volume in 1 second and forced vital
capacity values >80% of predicted and forced expiratory volume in
1 second/forced vital capacity ratio >70% of predicted). Only
patients who had also undergone chest computed tomography
(CT) and echocardiography within 1 month of PFTs were studied.

RESULTS: Of the 38,095 patients who underwent PFTs during the
study period, 179 (0.47%; 95% confidence interval [CI], 0.40%-
0.54%) had isolated DLCO abnormalities. The 27 patients (15.1%;
95% CI, 10.2%-21.2%) who had also undergone chest CT and
echocardiography within 1 month of PFTs form the study cohort
reported herein. Their mean DLCO was 50%±15% (95% CI, 45%-
56%) with average normal pulse oxygen saturation at rest and
mild hypoxemia with activity. Thirteen of the 27 patients (48%;
95% CI, 28.7%-68.1%) had underlying emphysema evident on CT.
Eleven of these 13 patients had emphysema associated with a
restrictive lung process. The 14 patients without emphysema had
interstitial lung disease, pulmonary vascular disease, and other
isolated findings. Six patients with combined emphysema and
idiopathic pulmonary fibrosis accounted for the largest percent-
age (22%) of patients with isolated DLCO reduction. The mean ± SD
smoking history of the 27 patients in the study cohort was 36±33
pack-years (range, 0-116 pack-years).

CONCLUSION: Dyspneic patients with respiratory symptoms and
normal lung volumes and airflows associated with isolated reduc-
tion in DLCO should be evaluated for underlying diseases such as
emphysema, with or without a concomitant restrictive process,
and pulmonary vascular disease.
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ATS = American Thoracic Society; CHF = congestive heart failure; CI =
confidence interval; CT = computed tomography; DLCO = diffusing capac-
ity of lung for carbon monoxide; FEV1 = forced expiratory volume in 1
second; FVC = forced vital capacity; HRCT = high-resolution CT; ILD =
interstitial lung disease; IPF = idiopathic pulmonary fibrosis; PFT =
pulmonary function test; SpO2 = oxygen saturation measured by pulse
oximetry; TLC = total lung capacity

Analysis of the diffusing capacity of lung for carbon
monoxide (DLCO) is a clinically useful test of lung

function. Frequently, it is used in the differential diagnosis
of airway obstruction in current or former smokers.1 In

patients with a long-term smoking history and evidence of
airways obstruction, normal DLCO suggests chronic bron-
chitis, and reduced DLCO suggests the presence of emphy-
sema.2 Abnormal DLCO levels are important in the differen-
tial diagnosis of patients with restrictive lung disease. The
DLCO declines with restrictive lung disease because of the
reduced area for gas exchange. Low DLCO in this setting
suggests interstitial lung disease (ILD) or severe restric-
tion. In patients with restrictive patterns on pulmonary
function tests (PFTs) associated with a normal DLCO, the
cause is most likely extrapulmonary, such as pleural dis-
ease, neuromuscular weakness, or kyphoscoliosis.3-5 Pa-
tients with restriction attributable to extrapulmonary causes
typically have a low-normal DLCO and elevated DLCO/al-
veolar volume using unadjusted predicted values and a
normal DLCO and normal DLCO/alveolar volume when their
predicted values are adjusted for lung volume.6 Less com-
monly, reduced DLCO is discovered as an isolated abnor-
mality in patients with otherwise normal lung function.
This poses a challenge to the clinician who must identify
the disease ultimately responsible for the abnormality from
among various conditions with markedly different prog-
noses. Isolated reduced DLCO has been reported in a range
of patients, from asymptomatic individuals who do not
require additional medical evaluation7 to those with severe
pulmonary vascular or parenchymal lung disease.8-16 Fur-
thermore, patients with nonpulmonary diseases such as
diabetes mellitus, hypothyroidism, and chronic renal fail-
ure and those with environmental dust exposures can also
exhibit isolated reductions in DLCO.17-20 In patients with
dyspnea, reduced DLCO has been reported to affect gas
exchange.21
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Despite the recognition of this isolated physiologic ab-
normality in several clinical conditions, no large series
describing patients with isolated abnormalities on diffusion
capacity studies have been reported. The primary objective
of this study was to investigate the frequency and spectrum
of diseases associated with an isolated reduction in diffusion
capacity in patients referred to a pulmonary function labora-
tory for diagnostic evaluation. A secondary objective was to
further characterize underlying diseases among patients with
isolated reduction in diffusion capacity, particularly in the
context of patients with and without underlying emphysema.

PATIENTS AND METHODS

With Mayo Foundation Institutional Review Board ap-
proval, we retrospectively reviewed the pulmonary func-
tion database at the Mayo Clinic in Jacksonville, Fla, to
identify complete PFTs performed between January 1,
1990, and June 30, 2000, in patients complaining of dysp-
nea. Pulmonary function studies included measurements
of airflow, plethysmographic lung volumes, and DLCO

(measured by the single-breath diffusion capacity method),
with the aim of identifying patients with reduced DLCO but
normal lung volumes and airflow (isolated reduced DLCO).
In each confirmed case of isolated reduced DLCO, the medi-
cal record was reviewed to obtain the following data: age,
sex, smoking history, presence of dyspnea, cough, or in-
spiratory dry crackles, and results of chest computed to-
mography (CT) and echocardiography (interpreted inde-
pendently by an experienced thoracic radiologist [H.I.J.]
and an echocardiographer who were unaware of the clinical
and physiologic data). Results of tests ordered by the pri-
mary physician were reviewed, and the investigators
agreed on a final clinical diagnosis. Because the presence
of occult emphysema, ILD, or vaso-occlusive lung disease
cannot be reliably excluded without examining a chest CT
scan and an echocardiogram (to estimate right heart pres-
sures), only those patients who had undergone chest CT
and echocardiography within 1 month of their PFTs were
included in the study.

PHYSIOLOGIC ASSESSMENT

All PFTs were performed with use of standard protocols.
American Thoracic Society (ATS) guidelines22 were used
to determine acceptability using a calibrated pneumo-
tachygraph (Medical Graphics; St Paul, Minn), and values
were expressed as a percentage of the predicted values
published by Miller et al.23 Lung volumes were measured in
a whole-body plethysmograph, and data were expressed as
a percentage of published predicted values.23 Diffusion
capacity was typically measured 2 or more times if neces-
sary, and the average of the 2 values meeting ATS guide-

lines was reported. All DLCO testing and calculations met
ATS criteria for acceptability and repeatability.24,25 The
patients’ DLCO was expressed as a percentage of the pre-
dicted value, as described by Miller et al,26 and adjusted for
measured hemoglobin. The reproducibility of the instru-
ments used in our PFT laboratories was checked by per-
forming weekly biological quality control testing in 7 nor-
mal volunteers (laboratory technologists). The SD and co-
efficient of variation for DLCO were 1.0 and 4%, respec-
tively. Reduced DLCO was clinically and arbitrarily defined
by us as a value less than 70% of predicted. Lung volumes
were considered normal when the total lung capacity
(TLC) and the residual volume were more than 80% and
less than 120% of predicted, respectively. Forced expira-
tory volume in 1 second (FEV

1
) and forced vital capacity

(FVC) values higher than 80% and an FEV
1
/FVC ratio

higher than 70% of predicted defined the presence of nor-
mal airflow. Oxygen saturation measured by pulse oxim-
etry (SpO

2
) was determined at rest and using a 3-minute

step exercise protocol with the patient breathing room air.
A finger probe was used routinely. Recordings of SpO

2

resting values were obtained while the patients were seated
and the pulse signal was steady. All patients were then
instructed to exercise on a 9-inch (22.86-cm) step, stepping
up and down for a maximum of 3 minutes, 1 step for each
beat of a metronome set at a rate of 60 beats/min. Patients
exercised while having their right hand on a railing and
their left hand, with oximeter finger probe, held at waist
height but not pressing against the abdomen. After 3 min-
utes, recordings of the ending saturation and pulse values
were obtained. Only readings with good-quality pulse sig-
nals were recorded. With use of these criteria, we deter-
mined the frequency of isolated DLCO reduction in the
pulmonary function database during the study period.

CHEST CT ASSESSMENT

Computed tomography was performed with use of a Gen-
eral Electric HiSpeed Advantage CT/T or CTi scanner (GE
Medical Systems; Milwaukee, Wis), and the images were
interpreted independently by an experienced thoracic radi-
ologist (H.I.J.) who was unaware of the clinical and physi-
ologic data. High-resolution CT (HRCT) scans were as-
sessed at standard reference levels for the presence of
ground-glass opacification, bronchiectasis, septal thicken-
ing, and honeycombing, the latter of which is defined as the
presence of abnormal air spaces with a wall thickness of
more than 2 mm. Bronchiectasis was defined by bronchial
dilation, lack of normal bronchial tapering, and visibility of
airways in the peripheral lung zones. Emphysema was diag-
nosed by the presence of areas of low attenuation, either
focal unmarginated areas of low attenuation or bullae (air
spaces >1 cm in diameter with wall thickness <1 mm).27,28
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TABLE 1. Diagnostic Criteria Applied to Patients
With Dyspnea and Isolated DLCO Reduction*

Interstitial lung disease
Inspiratory dry crackles
Characteristic chest CT findings
Diagnostic lung biopsy

Idiopathic pulmonary fibrosis
Exclusion of other known causes of interstitial lung disease
Bibasilar reticular abnormalities with minimal ground-glass opacities

on HRCT
Subpleural honeycombing on HRCT
Diagnostic lung biopsy showing usual interstitial pneumonia pattern

Hypersensitivity pneumonitis
Consistent occupational and environmental history
Poorly defined micronodules with widespread ground-glass

attenuation predominant in upper and middle zones on HRCT
Diagnostic lung biopsy

Cryptogenic organizing pneumonia
Bilateral patchy ground-glass infiltrates on CT
Diagnostic lung biopsy

Emphysema
Smoking history
Focal unmarginated areas of low attenuation or bullae on CT

Radiation injury
History of radiation exposure
Characteristic chest CT findings

Congestive heart failure
Inspiratory wet crackles, peripheral edema, audible S

3
, diagnostic

echocardiogram
Characteristic chest CT findings

Pulmonary hypertension
Mean pulmonary artery pressure >25 mm Hg by right heart

catheterization
Estimated pulmonary artery systolic pressure >50 mm Hg by

echocardiography
CREST syndrome

Clinical findings
Positive serologic markers

Diaphragm paralysis
Elevation of diaphragm on chest radiography
Positive sniff test

*CT = computed tomography; DLCO = diffusing capacity of lung for
carbon monoxide; HRCT = high-resolution CT.

ECHOCARDIOGRAPHIC ASSESSMENT

Echocardiography was performed with use of a Hewlett-
Packard Sonos 5500 echocardiography system (Hewlett-
Packard, Andover, Mass). An echocardiographer who was
unaware of the clinical and physiologic data interpreted the
images independently.

Systolic pulmonary arterial pressure was estimated by
measuring the maximal velocity of the tricuspid regurgitant
jet, which is incorporated into the Bernoulli equation, and
adding a 2-dimensional estimation of right atrial pressure.29

FINAL DIAGNOSIS

In all cases, relevant clinical information and results of
tests ordered by the primary physician were reviewed by
the investigators. A final diagnosis was agreed on by a
panel (J.F.A., D.A.Z., S.I.M.) using the diagnostic criteria
outlined in Table 1.

STATISTICAL ANALYSES

Continuous variables were expressed as mean ± SD. Statis-
tically significant differences between continuous vari-
ables were determined by the Student t test. P<.05 was
considered statistically significant. Categorical variables
were described by frequencies and percentages.

RESULTS

PATIENT COHORT

Of the 38,095 patients who had pulmonary function studies
archived in our database during the period of this study, 179
had an isolated reduction in DLCO (0.47%; 95% confidence
interval [CI], 0.40%-0.54%). Twenty-seven of these 179
patients (15.1%; 95% CI, 10.2%-21.2%) had also undergone
standard chest CT and echocardiography within 1 month of
their PFTs, 16 of whom had also undergone HRCT.

CLINICAL DIAGNOSES AND PHYSIOLOGIC ASSESSMENTS

Final diagnosis, demographic data, PFT results, DLCO mea-
surements, oxygen saturation values, and echocardio-
graphic findings are presented in Table 2. The mean ± SD
DLCO was 50%±15% (95% CI, 45%-56%), with average
normal pulse oxygen saturation at rest and mild hypoxemia
with activity. Of the 27 patients with isolated DLCO, 13 (48%;
95% CI, 28.7%-68.1%) had a conclusive diagnosis of em-
physema. This group included 1 patient with isolated em-
physema (No. 13), 1 with associated pulmonary vascular
disease (CREST syndrome [calcinosis cutis, Raynaud phe-
nomenon, esophageal dysfunction, sclerodactyly, and tel-
angiectasia] without ILD, No. 12), and 11 with association to
a restrictive process. Among those 11 patients with a restric-
tive process and emphysema, 6 had findings of emphysema
and IPF (No. 1-6), 2 had emphysema and amiodarone-
induced ILD (No. 8 and 9), and 1 had emphysema and
hypersensitivity pneumonitis (No. 7). Two patients had em-
physema and congestive heart failure (CHF) (No. 10 and
11). Four (15%) of the 27 patients had exclusively interstitial
lung disease (2 had IPF, ILD of unknown origin, and 1 had
radiation injury) (No. 14-17). Two patients (7%) had pulmo-
nary vascular disease (1 with idiopathic pulmonary arterial
hypertension and 1 with hepatopulmonary syndrome). The
other patients were isolated cases with individual clinical
diagnoses of CREST syndrome and rheumatoid arthritis
but without ILD or pulmonary hypertension, cryptogenic
organizing pneumonia, metastatic adenocarcinoma, lung
cancer, CHF, and paralysis of the hemidiaphragm. Two
had an active moderate smoking history, and 1 patient had
no obvious abnormalities.

The diagnoses were based on typical chest CT findings
in 13 patients (48%): 8 with emphysema and a concurrent
ILD, 4 with ILD alone, and 1 with emphysema alone. Com-
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TABLE 2. Characteristics of Patients Studied*

Smoking
history

Patient Age (y)/ (pack- DLCO TLC RV FVC FEV
1

FEV
1
/ EF PASP

No. Diagnosis sex years) (%) (%) (%) (%) (%) FVC Rest Exercise (%) (mm Hg)

1 Emph + IPF 79/F   20 48   88   83   82   89 0.85 96 96 54   36
2 Emph + IPF 75/M   60 57   80   80   87   88 0.77 97 96 58 NA
3 Emph + IPF + 77/M 100 48   88   95   81   81 0.76 94 NA 69 NA

NSCC
4 Emph + IPF + 71/M   35 15   98 102   95   87 0.70 83 NA 55   80

CP
5 Emph + IPF + 77/M   36 26   85   83   90   97 0.81 88 83 65   87

CP
6 Emph + IPF + 84/M 116 57   91   98   87 104 0.88 99 NA 31 NA

CHF
7 Emph + HP 60/M   36 61   96   82 103   94 0.72 96 95 62 NA
8 Emph + ILD + 72/M   40 52   89   81 113 106 0.71 94 94 65   28

Amio
9 Emph + ILD + 71/F   21 55   96   99   89   86 0.75 96 85 58   39

Amio
10 Emph + 79/M   62 28   95   91   90   81 0.70 93 85 30 100

CHF + CP
11 Emph + CHF 78/M   22 39   83   80   83   82 0.94 96 NA 62 NA
12 Emph + 50/F     0 36   97 115   87   81 0.76 NA NA 65   95

CREST
13 Emph 67/M   80 40   88   80 105   97 0.72 95 89 62   29
14 IPF 77/F     0 54   89   98   79 100 1.00 96 92 64   44
15 IPF 80/F 100 63   87   88   87   85 0.75 95 NA 66   35
16 ILD 76/F   32 62   84   80   83   87 0.83 98 NA 64   29
17 IPF + 69/F     9 67   88   80   84   81 0.76 97 97 60   35

radiation
18 CREST + RA 69/F     0 44   93   86   95   95 0.77 97 94 67   28
19 IPAH 75/F     0 30   97   83   96   93 0.76 92 83 64   55
20 COP 73/M   17 63   89 102   81   81 0.75 97 89 89   41
21 Adenoma 77/M   57 49 101 113   94   81 0.72 95 94 45   35

mets
22 Lung Ca + 75/M   38 65   86   86   81   80 0.75 97 96 44   31

CHF
23 HPPS 62/M   48 40   93   95   80   90 0.81 93 89 65 NA
24 Paralysis of 77/F     0 70   98 102   85   84 0.79 97 NA 68   44

diaphragm
25 Smoker 43/M   14 43   87   80   82   83 0.80 95 95 60 NA
26 Smoker 37/F    21 59 103 100 103   90 0.73 97 97 70   24
27 Idiopathic 49/M     0 68 106 100   99 100 0.81 96 94 50 NA

Mean ± 69±12/ 36±33 50±15 92±6 91±11 90±9 89±8 0.78±0.7 95±3 92±5 59±11 47±24
  SD 16M, 11F

*Amio = amiodarone toxicity; Ca = cancer; CHF = congestive heart failure; COP = cryptogenic organizing pneumonia; CP = cor pulmonale; CREST =
CREST syndrome; DLCO = diffusing capacity of lung for carbon monoxide; EF = ejection fraction; Emph = emphysema; FEV

1
 = forced expiratory volume

in 1 second; FVC = forced vital capacity; HP = hypersensitivity pneumonitis; HPPS = hepatopulmonary syndrome; ILD = interstitial lung disease; IPAH =
idiopathic pulmonary arterial hypertension; IPF = idiopathic pulmonary fibrosis; mets = metastases; NA = not available; NSCC = non–small cell carcino-
ma; PASP = pulmonary artery systolic pressure; RA = rheumatoid arthritis; RV = residual volume; SpO

2
 = oxygen saturation measured by pulse oximetry;

TLC = total lung capacity.

SpO
2
 (%)

bined CT and echocardiography were instrumental in estab-
lishing a diagnosis in 4 patients (15%): 1 with emphysema,
CHF, and cor pulmonale (No. 10); 1 with emphysema and
CHF (No. 11); and 2 with emphysema, IPF, and cor pulmo-
nale (No. 4 and 5). Isolated echocardiographic findings es-
tablished the diagnosis in 3 patients (11%): 1 with CHF, 1
with idiopathic pulmonary arterial hypertension, and 1 with
hepatopulmonary syndrome. Computed tomography sug-
gested cryptogenic organizing pneumonia and hypersensi-
tivity pneumonitis in 1 patient each, and lung biopsies

confirmed the diagnoses. Five patients (19%) had unre-
markable CT and echocardiographic findings. This infor-
mation was relevant mainly to rule out serious lung or
cardiovascular abnormalities.

The 13 patients with emphysema were compared with
the 14 patients without emphysema. Considering that most
cases of isolated DLCO reduction occurred in patients with
emphysema, commonly combined with ILD or pulmonary
edema/CHF, the patients were divided into emphysema
and nonemphysema groups for independent analysis.
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Detailed descriptions of the patients’ characteristics are
presented in Table 3. The mean ± SD smoking history was
36±33 pack-years (range, 0-116 pack-years). The emphy-
sema group had a significantly worse smoking history than
the nonemphysema group (50±33 vs 24±29 pack-years;
P=.04). The emphysema group also had worse DLCO than
the nonemphysema group (43%±14% [95% CI, 35%-52%]
vs 57%±12% [95% CI, 50%-64%]; P=.01), and they had
worse pulmonary hypertension (estimated pulmonary sys-
tolic pressure, 62±31 vs 37±9 mm Hg; P=.02). Four pa-
tients in the emphysema group had an estimated pulmonary
systolic pressure higher than 80 mm Hg with clinical evi-
dence of cor pulmonale. Estimated pulmonary systolic
pressures were lower among patients in the nonemphysema
group, none of whom had an estimated pulmonary systolic
pressure higher than 55 mm Hg. Both groups, patients with
emphysema and those without emphysema, had normal
average resting oxygen saturation levels (mean resting
SpO

2
, 94%±5% vs 96%±2%) but mild hypoxemia during

exercise (SpO
2
, 90%±6% vs 93%±4%).

At rest, 21 of the 27 patients had a normal SpO
2
 (≥94%),

3 patients had mild to moderate hypoxemia (SpO
2
, 89%-

93%), and 2 had severe oxygen desaturation (SpO
2
, ≤88%)

(Table 4). No SpO
2
 data were available for 1 patient. Eleven

patients exhibited normal oxygenation during exercise.
Four had mild to moderate reduction in SpO

2
with exercise,

and 4 had severe exercise-induced oxygen desaturation. No
exercise data were available for 8 patients.

Five of the 6 patients with severe oxygen desaturation at
rest or during exercise were in the emphysema group, and 5

TABLE 4. Resting and Exercise Oxygen Saturation in Patients
With and Without Emphysema*

Emphysema Nonemphysema
SpO

2
group group

(%) (n=13) (n=14)  Total

Rest
≤88 2 0 2
89-93 1 2 3
≥94 9 12 21
Not available 1 0 1

Exercise
≤88 3 1 4
89-93 1 3 4
≥94 4 7 11
Not available 5 3 8

*SpO
2
 = oxygen saturation measured by pulse oximetry.

TABLE 3. Characteristics of Patients With and Without
Emphysema Presenting With Isolated DLCO Reduction*

Emphysema Nonemphysema
group group P

Variable (n=13) (n=14) value

Age (y) 72±9 (50-84) 77±14 (37-80) .26
Smoking

history
(pack-years) 50±33 (0-116) 24±29 (0-100) .04

EF (%) 57±12 (30-69) 61±8 (44-70) .32
PASP

(mm Hg) 62±31 (28-100) 37±9 (24-55) .02
DLCO (%) 43±14 (15-61) 57±12 (30-70) .01
TLC (%) 90±6 (80-98) 93±7 (84-106) .29
RV (%) 90±11 (80-115) 93±11 (80-113) .50
FEV

1
 (%) 90±9 (81-106) 88±7 (80-103) .43

FVC (%) 92±10 (81-113) 88±8 (80-103) .26
FEV

1
/FVC 0.78±0.80 (0.70-0.94) 0.79±0.70 (0.72-1.00) .63

SpO
2
 (%)

Rest 94±5 (83-99) 96±2 (92-98) .22
Exercise 90±6 (83-96) 93±4 (83-97) .30

*Values are expressed as mean ± SD. DLCO = diffusing capacity of lung
for carbon monoxide; EF = ejection fraction; FEV

1
 = forced expiratory

volume in 1 second; FVC = forced vital capacity; PASP = pulmonary
artery systolic pressure; RV = residual volume; SpO

2
 = oxygen saturation

measured by pulse oximetry; TLC = total lung capacity.

of the 7 patients with mild to moderate oxygen desaturation
were in the nonemphysema group.

DISCUSSION

Measurements of DLCO assess the transfer of gases from the
alveoli to red blood cells. The frequency and importance of
reduced DLCO in patients with otherwise normal PFT results
have not been systematically explored. This retrospective
clinical study provides some insight into this situation.

We have determined that in patients with dyspnea, an
isolated reduction in DLCO is extremely rare (<1%). How-
ever, when present, it is commonly associated with emphy-
sema and a concurrent restrictive process. Among the re-
strictive processes identified in our study population, IPF
was the most frequently observed (22%). The discrepancy
between DLCO and spirometric findings in patients with
concomitant ILD/IPF and emphysema can be explained by
the additive effect of these conditions on DLCO and their
opposing effects on elastic recoil and therefore on lung
volumes and flow rates.

As a result of smoking exposure or other irritants or a
congenital deficiency of α

1
-antitrypsin, emphysema causes

permanent enlargement of spaces distal to terminal bron-
chioles associated with destruction of alveolar walls but
typically without obvious fibrosis. Destruction of lung pa-
renchyma leads to loss of alveolar attachments to small
airways, thus decreasing the normal lung elastic recoil, di-
minishing the ability of distal airways to remain open during
expiration, and resulting in reduced airflow, which should be
measurable during PFT. As the disease progresses, TLC
increases as a result of pathologic enlargement of residual
volumes. Because of the progressive destruction of alveolar
structures, the DLCO is abnormally reduced.30

Diffuse parenchymal lung disease or ILDs include a
heterogeneous group of diseases related to occupational or
environmental exposures (including cigarette smoking);
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these diseases may also occur in association with connec-
tive tissue diseases, or they may have an unknown etiology
(idiopathic interstitial pneumonias, including IPF). Patients
with ILD develop increased static elastic recoil, and their
flow rates are often increased compared with given lung
volumes. Lung volumes are typically restricted and pro-
gressively reduced. A decline in DLCO occurs as a result of
contraction of the pulmonary capillary volume and by ven-
tilation and perfusion abnormalities, and it may precede the
reduction in lung volumes.31 These opposing pathophysi-
ologic mechanisms explain how patients with combined
obstructive and restrictive lung diseases present with nor-
mal lung volumes and flows and at the same time have
reduced DLCO, which may be greatly reduced. Recent ATS/
European Respiratory Society task force interpretive strate-
gies for PFT32 define reduction in DLCO as severe when it
reaches a threshold of less than 40%, moderate when DLCO

is 40% to 60%, and mild when DLCO ranges from higher
than 60% to the lower limit of normal. According to that
criteria, 70% of the 27 patients in our study population had
a moderate or severe reduction in diffusion capacity (48%
had moderate and 22% had severe reduction in DLCO).
The patients in the emphysema group, most of whom had
combined restrictive lung disease, had much worse diffu-
sion capacity than the patients in the nonemphysema
group: 92% (12/13) of the patients with emphysema had a
moderate or severe reduction in DLCO, whereas only 50%
(7/14) of patients without emphysema had this degree of
abnormality.

Other investigators have also reported the combined
presence of emphysema and pulmonary fibrosis that was
observed in several of our cases.33 The association of em-
physema with an interstitial process such as pulmonary
fibrosis or CHF could be the result of 2 coincidental pro-
cesses occurring in the same patient. However, it is also
likely that the association of 2 processes might represent
the result of a common pathogenic mechanism such as
smoking, inducing the presence of more than 1 process in
the same patient. In support of the latter hypothesis is
conclusive evidence that inflammation and fibrosis are
present in patients with emphysema, and experimental
studies have shown that the induction of lung injury by a
single mechanism can produce emphysema, pulmonary
fibrosis, or both.34-38

Our study demonstrated that chest CT is of considerable
value in the assessment of patients with isolated reduced
DLCO, having the ability to discriminate various patterns of
complex mixed obstructive and restrictive abnormalities. It
should be the initial test for evaluating such patients.
Echocardiography must also be included in their assess-
ment. Although pulmonary vascular disease was a rela-
tively uncommon finding in our study population, this test

identified an important number of patients with severe
pulmonary hypertension and some with left ventricular
dysfunction and CHF that contributed to the reduction in
DLCO.

Our study has the limitations inherent to retrospective
analysis. Better definition of patients presenting with iso-
lated abnormalities in diffusion capacity could be achieved
by the systematic, protocol-oriented, and prospective
evaluation of patients with reduction in diffusion capacity
as their sole abnormality.

Another potential limitation of the study relates to the
use of an FEV

1
/FVC ratio higher than 70% predicted to

define the presence of normal airflow, which was consid-
ered the standard at the time this retrospective study was
done. Guidelines such as the National Heart, Lung, and
Blood Institute/World Health Organization Global Initia-
tive for Chronic Obstructive Lung Disease Workshop sum-
mary39 and the ATS/European Respiratory Society position
paper on standards for diagnosis of chronic obstructive
pulmonary disease define obstruction based on a fixed
FEV

1
/FVC ratio,40 a threshold value that is easy to use and

apply. However, the use of a fixed FEV
1
/FVC ratio of less

than 70% may exclude normal individuals of advanced age
who could have been classified as having obstructive lung
disease, and this threshold could potentially classify
younger individuals as healthy when they have mild ob-
struction. The use of this fixed threshold value may pro-
duce discordant results in up to 16% of patients older than
74 years.41 Conceivably, a small portion of elderly patients
in our series may have been excluded from analysis be-
cause of the methods used to define normal individuals.

Predicted DLCO values could have been adjusted for
lung volumes, but none of the patients in this series had a
TLC lower than 80% predicted. According to Johnson,6 at a
lung volume of 80% predicted, DLCO declines to 93%
predicted, and lung volume should decrease to 52% pre-
dicted for DLCO to decline to 80% predicted. Therefore,
adjusting DLCO for lung volume would not have affected the
results in this study. The selection of an arbitrary threshold of
70% or higher to define normal diffusion capacity, although
practical and easy for clinicians to use, could have included
some patients as having mild reduction in DLCO when they
could have been classified as healthy if we had chosen
another threshold for normal values.

Based on the results of this study, we conclude that a
combination of fibrotic and emphysematous changes is
the most frequent finding in patients with isolated re-
duced DLCO. However, other causes must be considered.
The presence of isolated reduced DLCO necessitates addi-
tional investigation. In this regard, HRCT and echocardi-
ography can establish the etiology in the majority of
cases.
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CONCLUSION

Reduction in DLCO in the context of normal lung volumes
and airflows is an uncommon finding among patients
evaluated for dyspnea. Isolated reduction in DLCO can fre-
quently be explained by the association of emphysema with
a restrictive lung process such as ILD or pulmonary edema/
CHF. Interstitial lung disease, pulmonary vascular condi-
tions, or both explain most of the remaining cases. Isolated
reduction in DLCO should prompt further clinical investiga-
tion and evaluation with HRCT and echocardiography.

We acknowledge the contributions and assistance of Carl D. Mott-
ram, BA, RRT, RPFT, Tonya K. Zeiger, and Zafar I. Awan, RRT.

REFERENCES
1. Crapo RO, Forster RE II. Carbon monoxide diffusing capacity. Clin

Chest Med. 1989;10:187-198.
2. American Thoracic Society. Standards for the diagnosis and care of

patients with chronic obstructive pulmonary disease. Am J Respir Crit Care
Med. 1995;152:S77-S121.

3. Chetta A, Marangio E, Olivieri D. Pulmonary function testing in intersti-
tial lung diseases. Respiration. 2004;71:209-213.

4. Al-Ashkar F, Mehra R, Mazzone PJ. Interpreting pulmonary function
tests: recognize the pattern, and the diagnosis will follow. Cleve Clin J Med.
2003;70:866, 868, 871-873.

5. Crapo RO, Jensen RL, Wanger JS. Single-breath carbon monoxide dif-
fusing capacity. Clin Chest Med. 2001;22:637-649.

6. Johnson DC. Importance of adjusting carbon monoxide diffusing capac-
ity (DLCO) and carbon monoxide transfer coefficient (KCO) for alveolar vol-
ume. Respir Med. 2000;94:28-37.

7. Ansari A, Collier J, Mohsenifar Z. Isolated reduction in single-breath
diffusion capacity in young, healthy, asymptomatic women. Am J Med Sci.
1995;310:226-228.

8. Steen VD, Graham G, Conte C, Owens G, Medsger TA Jr. Isolated
diffusing capacity reduction in systemic sclerosis. Arthritis Rheum. 1992;35:765-
770.

9. Doherty MJ, Pearson MG, O’Grady EA, Pellegrini V, Calverley PM.
Cryptogenic fibrosing alveolitis with preserved lung volumes. Thorax. 1997;
52:998-1002.

10. Colp C, Park SS, Williams MH Jr. Emphysema with little airway ob-
struction. Am Rev Respir Dis. 1970;101:615-619.

11. Klein JS, Gamsu G, Webb WR, Golden JA, Muller NL. High-resolution
CT diagnosis of emphysema in symptomatic patients with normal chest
radiographs and isolated low diffusing capacity. Radiology. 1992;182:817-
821.

12. Wiggins J, Strickland B, Turner-Warwick M. Combined cryptogenic
fibrosing alveolitis and emphysema: the value of high resolution computed
tomography in assessment. Respir Med. 1990;84:365-369.

13. Wolkowicz J, Sturgeon J, Rawji M, Chan CK. Bleomycin-induced pul-
monary function abnormalities. Chest. 1992;101:97-101.

14. Mukerjee D, St George D, Knight C, et al. Echocardiography and pulmo-
nary function as screening tests for pulmonary arterial hypertension in systemic
sclerosis. Rheumatology (Oxford). 2004 Apr;43:461-466. Epub 2004 Jan 6.

15. Sun XG, Hansen JE, Oudiz RJ, Wasserman K. Pulmonary function in
primary pulmonary hypertension. J Am Coll Cardiol. 2003;41:1028-1035.

16. Ewert R, Mutze S, Schachschal G, Lochs H, Plauth M. High prevalence
of pulmonary diffusion abnormalities without interstitial changes in long-term
survivors of liver transplantation. Transpl Int. 1999;12:222-228.

17. Mori H, Okubo M, Okamura M, et al. Abnormalities of pulmonary
function in patients with non-insulin-dependent diabetes mellitus. Intern Med.
1992;31:189-193.

18. Brussel T, Matthay MA, Chernow B. Pulmonary manifestations of endo-
crine and metabolic disorders. Clin Chest Med. 1989;10:645-653.

19. Forman JW, Ayers LN, Miller WC. Pulmonary diffusing capacity in
chronic renal failure. Br J Dis Chest. 1981;75:81-87.

20. Garcia JG, Griffith DE, Williams JS, Blevins WJ, Kronenberg RS.
Reduced diffusing capacity as an isolated finding in asbestos- and silica-
exposed workers. Chest. 1990;98:105-111.

21. Mohsenifar Z, Collier J, Belman MJ, Koerner SK. Isolated reduction in
single-breath diffusing capacity in the evaluation of exertional dyspnea. Chest.
1992;101:965-969.

22. American Thoracic Society. Lung function testing: selection of refer-
ence values and interpretative strategies. Am Rev Respir Dis. 1991;144:1202-
1218.

23. Miller A, Thornton JC, Warshaw R, Bernstein J, Selikoff IJ, Teirstein
AS. Mean and instantaneous expiratory flows, FVC and FEV1: prediction
equations from a probability sample of Michigan, a large industrial state. Bull
Eur Physiopathol Respir. 1986;22:589-597.

24. American Thoracic Society. Single breath carbon monoxide diffusing
capacity (transfer factor): recommendations for a standard technique. Am Rev
Respir Dis. 1987;136:1299-1307.

25. American Thoracic Society. Single-breath carbon monoxide diffusing
capacity (transfer factor): recommendations for a standard technique: 1995
update. Am J Respir Crit Care Med. 1995;152:2185-2198.

26. Miller A, Thornton JC, Warshaw R, Anderson H, Teirstein AS, Selikoff
IJ. Single breath diffusing capacity in a representative sample of the population
of Michigan, a large industrial state: predicted values, lower limits of normal,
and frequencies of abnormality by smoking history. Am Rev Respir Dis. 1983;
127:270-277.

27. Gurney JW, Jones KK, Robbins RA, et al. Regional distribution of
emphysema: correlation of high-resolution CT with pulmonary function tests
in unselected smokers. Radiology. 1992;183:457-463.

28. Kazerooni EA, Martinez FJ, Flint A, et al. Thin-section CT obtained at
10-mm increments versus limited three-level thin-section CT for idiopathic
pulmonary fibrosis: correlation with pathologic scoring. AJR Am J Roentgenol.
1997;169:977-983.

29. Chan KL, Currie PJ, Seward JB, Hagler DJ, Mair DD, Tajik AJ. Com-
parison of three Doppler ultrasound methods in the prediction of pulmonary
artery pressure. J Am Coll Cardiol. 1987;9:549-554.

30. MacNee W. Pathogenesis of chronic obstructive pulmonary disease.
Proc Am Thorac Soc. 2005;2:258-266.

31. Yernault JC, de Jonghe M, de Coster A, Englert M. Pulmonary mechan-
ics in diffuse fibrosing alveolitis. Bull Physiopathol Respir (Nancy). 1975;11:
231-244.

32. Pellegrino R, Viegi G, Brusasco V, et al. Interpretative strategies for lung
function tests. Eur Respir J. 2005;26:948-968.

33. Cottin V, Nunes H, Brillet PY, et al, Groupe d’Etude et de Recherche sur
les Maladies Orphelines Pulmonaires (GERM O P). Combined pulmonary
fibrosis and emphysema: a distinct underrecognised entity. Eur Respir J. 2005;
26:586-593.

34. Niewoehner DE, Hoidal JR. Lung fibrosis and emphysema: divergent
responses to a common injury? Science. 1982;217:359-360.

35. Hoidal JR, Niewoehner DE. The role of tissue repair and leukocytes in
the pathogenesis of emphysema. Chest. 1983;83(suppl):58S-59S.

36. Hoyle GW, Li J, Finkelstein JB, et al. Emphysematous lesions,
inflammation, and fibrosis in the lungs of transgenic mice overexpressing
platelet-derived growth factor. Am J Pathol. 1999;154:1763-1775.

37. Flaherty KR, Hunninghake GG. Smoking: an injury with many lung
manifestations. Am J Respir Crit Care Med. 2005;172:1070-1071.

38. Baumgartner KB, Samet JM, Coultas DB, et al, Collaborating Centers.
Occupational and environmental risk factors for idiopathic pulmonary fibrosis:
a multicenter case-control study. Am J Epidemiol. 2000;152:307-315.

39. Pauwels RA, Buist AS, Calverley PM, Jenkins CR, Hurd SS, GOLD
Scientific Committee. Global strategy for the diagnosis, management, and
prevention of chronic obstructive pulmonary disease: NHLBI/WHO Global
Initiative for Chronic Obstructive Lung Disease (GOLD) Workshop summary.
Am J Respir Crit Care Med. 2001;163:1256-1276.

40. Celli BR, MacNee W, ATS/ERS Task Force. Standards for the diagnosis
and treatment of patients with COPD: a summary of the ATS/ERS position
paper [published correction appears in Eur Respir J. 2006;27:242]. Eur Respir
J. 2004;23:932-946.

41. Roberts SD, Farber MO, Knox KS, et al. FEV
1
/FVC ratio of 70% mis-

classifies patients with obstruction at the extremes of age. Chest. 2006;130:200-
206.

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.


	Retrospective Study of Pulmonary Function Tests in Patients Presenting With Isolated Reduction in Single-Breath Diffusion Capacity: Implications for the Diagnosis of Combined Obstructive and Restrictive Lung Disease
	PATIENTS AND METHODS
	PHYSIOLOGIC ASSESSMENT
	CHEST CT ASSESSMENT
	ECHOCARDIOGRAPHIC ASSESSMENT
	FINAL DIAGNOSIS
	STATISTICAL ANALYSES

	RESULTS
	PATIENT COHORT
	CLINICAL DIAGNOSES AND PHYSIOLOGIC ASSESSMENTS

	DISCUSSION
	CONCLUSION
	REFERENCES


