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VENTILATORY DISTURBANCES IN PATIENTS WITH INTRATHORACIC
SARCOIDOSIS — A STUDY FROM A FUNCTIONAL AND HISTOLOGICAL
PERSPECTIVE
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"“Nicolae Testemitanu” State Medical and Pharmaceutical University, Department of Pneumology and Allergy, Chisinau, Republic of Mol-
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ABSTRACT. Background: Although sarcoidosis is commonly considered a restrictive disorder, more recent stud-
ies demonstrated opposite results. Objectives: To determine the prevalent functional pattern in patients with
intrathoracic sarcoidosis and to assess the role of granulomatous inflammation in determining ventilatory dis-
turbances. Methods: We included 144 consecutive newly diagnosed patients with sarcoidosis, who were evaluated
by chest radiography, chest high resolution computer tomography, pulmonary function tests and dyspnea score.
Additionally, endobronchial and transbronchial biopsies were performed to a subset of 78 patients. Results: We
obtained a wide range of ventilatory abnormalities that characterize airways impairment: FEV1/FVC<70% - in
14 (9.7%) cases, low MMEF,; ;s - in 69 (47.9%) patients, increased RV/TLC - in 65 (45.1%) subjects, while the
subjects with restrictive defects was observed in a minority of cases - 7 (4.9%). Decreased DLCO was found
in 100 (69.4%) individuals, in the majority of cases with mild changes. Patients in whom endobronchial biopsy
showed granuloma had worse ventilatory results versus those in whom they have not been detected, with sig-
nificant differences in FEV1 and MMEF,; ;; We found significant correlations between radiological stage and
pulmonary function tests. Dyspnea score (mnMRC scale) in our cohort reflected lung volumes and DLCO modi-
fications. Conclusion: The dominant functional abnormality in patients with intrathoracic sarcoidosis is obstruc-
tion, which affects the entire length of the bronchial tree causing a wide range of airways impairment and altered
gas diffusion. These functional disturbances are prevalent from early stages of the disease and have a tendency to
coexist with restriction as the disease advances. Granulomatous inflammation seems to have an important role
in determining obstructive defect, even from “infra-radiological” stages. (Sarcoidosis Vasc Diffuse Lung Dis 2017;
34:58-67)
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INTRODUCTION the lungs (1). Currently, several tools are used for a

comprehensive clinical evaluation of a patient with

Sarcoidosis is a systemic chronic granuloma-
tous disease of unknown cause that affects mainly
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sarcoidosis: physical, functional, imaging and endo-
scopic exploration, all being part of the routine clini-
cal assessment.

Although widely used, the informativity of chest
radiography (CXR) is clearly exceeded by the high
resolution computer tomography (HRCT), which,
besides the fact that facilitates the diagnostic pro-
cess, it can also be helpful in distinguishing active
inflammation from irreversible fibrosis (2). Criado
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et al. stated that active, reversible granulomatous in-
flammation is suggested by the presence of nodules,
“ground-glass” opacities, alveolar opacities, interlob-
ular septal thickening and intralobular linear opaci-
ties, while honeycombing, bullae, broad and coarse
septal bands, architectural distortion, volume loss,
and traction bronchiectasis are considered irrevers-
ible fibrotic lesions (2). However, guidelines (1) rec-
ommend CXR for routine use, thus the radiographic
classification of sarcoidosis is still used after more
than half a century, since it was proposed by Scad-
ding (3).

In symptomatic sarcoidosis patients, dyspnea
and cough is a common finding (4). While pulmo-
nary function tests (PFTs) are an important instru-
mental tool in determining the severity of the disease
(5), evaluating breathlessness might become an inex-
pensive and an easier method to assess the severity,
since it seems to correlate with spirometric indices
(6).

As an interstitial lung disease, sarcoidosis is
typically considered to show a restrictive pattern
on PFTs (7, 8). Several studies found restriction as
the dominant ventilatory abnormality (9, 10), while
other researches point out that obstruction in these
patients is found in a significant proportion (11-13).
Since it has been stated that obstruction in sarcoido-
sis is correlated with increased morbidity and higher
risk of mortality (OR=1.9) (14), emphasizing the
prevalent pulmonary functional pattern is crucial for
the management of these patients.

Gas diffusion alterations is usually related to
restrictive disease, althought several studies suggest
that sarcoidosis induced pulmonary hypertension
play an important role in altering DLCO (15, 16).

The aim of the study was to establish the domi-
nant functional pattern in patients with intrathoracic
sarcoidosis, and to assess the role of granulomatous
inflammation in determining the ventilatory disor-

der.

MEeTHODS

This was a prospective cohort study, which in-
cluded 144 consecutive subjects newly diagnosed
with sarcoidosis, collected during 2010-2013 period,
from the Phthisiopneumology Institute “Chiril Dra-
ganiuc”, Chisinau, Republic of Moldova. Subjects in

the study were recruited either by direct addressing,
or following an abnormal prophylactic CXR. Re-
search protocol was approved by the Ethical Com-
mittee of the “Nicolae Testemitanu” State Medical
and Pharmaceutical University from Chisinau, Re-
public of Moldova.

We included in the study patients with intratho-
racic sarcoidosis, diagnosed according to the ATS/
ERS/WASOG criteria (1). Exclusion criteria from
the study: stage O subjects; patient’s desire to leave
the study; eligible subjects with documented current
lung infection or neoplasia; previous chronic lung
disease; significant comorbidities (eg. preexisting
cardiac disease).

Each patient underwent a physical examination
and answered a questionnaire for shortness of breath.
The investigation protocol included CBC count, se-
rum chemistry panel, urine analysis, a CXR, a chest
HRCT, PFTs, and echocardiography with Doppler.
These investigations were performed to all the sub-
jects included in the study at the time of diagnosing
the disease within a period of 2 weeks.

Fiberbronchoscopy was performed in a sub-
group of 78 randomly selected subjects with in-
trathoracic sarcoidosis during which transbronchial
biopsy (TBB) and endobronchial biopsy (EBB) were
carried out. Randomization of selection was stipu-
lated in the research protocol which assigned for
fiberbronchoscopy investigation each second patient
diagnosed with sarcoidosis in order of appearance.
Thus, from an initial number of 156 subjects, we had
78 subjects assigned for bronchoscopy. For reasons
stated in the exclusion criteria 12 patients left the
study, and 144 remained.

According to the endoscopic biopsy protocol,
4-5 samples were taken. All subjects were histologi-
cally proven sarcoidosis patients. Depending on the
case, biopsy confirmation was obtained from other
affected organs: skin, extrathoracic lymph nodes,
liver, etc.

Posteroanterior CXR was carried out on a Sie-
mens digital radiography system, evaluated and
staged according to Scadding classification (3).
Chest HRCT was part of the diagnosis protocol, and
also used as a screening method for compressive hilar
adenopathy.

Dyspnea was evaluated according to the modi-
fied Medical Research Council scale (mMRC) (17),
which gives scores from 0 (no dyspnea) to 4 (almost
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complete incapacity) to the degree of shortness of
breath during daily activity: 0 — no dyspnea at all; 1-
breathlessness when hurrying on the level or walk-
ing up a slight hill; 2 - dyspnea while walking at a
rapid pace on the level ground; 3 - the person stops
for breath after walking about 100 m or after a few
minutes on the level; 4 - too breathless to leave the
house or to dress.

PFTs were performed using bodyplethismo-
graph Jaeger® Master Screen Body (Germany). We
have assessed the following ventilatory parameters:
forced vital capacity (FVC), forced expiratory volume
in first second (FEV1), maximum midexpiratory flow
(MMEF,;.55); as well as lung volumes: the residual
volume (RV), and total lung capacity (TLC). Carbon
monoxide diffusion capacity of the lungs (DLCO)
was measured using the single breath maneuver.

In order to assess the prevalent functional pat-
tern, we have used several definitions: obstruction, as
FEV1/FVC <70%, defined by GOLD (18). We have
stratified the severity of central airways obstruction
according to GOLD severity classification (18).

Data obtained from PFTs were presented both
as parameters alone and as functional patterns. The
functional patterns were defined according to ERS/
ATS task force on Interpretative strategies for lung
function tests (19). A reduced small airways flow
was expressed as low MMEF,s 5, in cases of normal
and reduced FEV1/FVC. Obstructive abnormalities,
such as air-trapping/ hyperinflation, were expressed
as increased RV/TLC ratio with TLC values within
the normal range or increased (19). For assessing the
incidence of the restrictive pattern we have applied
the following definitions: reduced FVC and increased
FEV1/FVC; and reduced TLC and a normal FEV1/
FVC ratio (19). A mixed ventilatory defect was de-
fined as decreased FEV1/FVC and low TLC (19).

Echocardiography with Doppler was performed
to screen for pulmonary hypertension, measuring the
systolic pressure in the pulmonary artery.

Statistics

Continuous variables were expressed as means
and standard deviations, while not normally distrib-
uted variables were expressed as medians and inter-
quartile ranges (IQR=25-75 quartiles).

For comparative analysis of lung volumes ac-
cording to radiological stage we have used Kruskal-

Wallis test and ANOVA, as appropriate. Man
Whithey U test and Tukey post-hoc test were used
for pairwise comparison, as appropriate.

The presence of associations between ventilato-
ry parameters and dyspnea score were studied using
Spearman’s rank correlation.

Comparison between positive and negative bi-
opsy groups according to functional parameters was
made using Student t test.

A value of p<0.05 was considered as statistically
significant. Data were analyzed using the Statistical
Package for the Social Sciences version 17.

REesuLrts

The study group consisted of Caucasian adults,
with a median age of 52 years (IQR 42.5-58.0), main-
ly females (74.9%), mostly non-smokers (81.9%).

Clinical symptoms of lung involvement were:
cough - present in 78 (54.2%) cases, and dyspnea
with a wide range of severity degree (table 1). Ex-
trapulmonary manifestations of sarcoidosis were
dominated by skin lesions, observed in 45 (31.2%)
individuals, and liver abnormalities - in 52 (36.1%)
subjects. Enlarged extrathoracic lymph nodes -
found is 21 (14.6%) cases, hypercalciuria - in 9
(13.4%) patients, joint and spleen involvement - in
15 (10.4%) and 14 (9.7%) cases respectively, were
less common.

Radiographic examination (table 2) revealed
56 (38.9%) patients with bilateral hilar adenopathy
(stage 1); 62 (43%) subjects showed both nodal and
parenchymal involvement (stage 2); 22 (15.3%) sub-
jects demonstrated only parenchymal involvement
(stage 3), and 4 (2.8%) cases with pulmonary fibrosis
(stage 4).

While CXR analysis revealed 56 subjects eligi-
ble for stage 1 intrathoracic sarcoidosis, according to
Scadding radiological classification (3), chest HRCT
scans identified 18 patients among them with iso-
lated pulmonary nodules.

Chest HRCT scans revealed that bilateral hilar
adenopathy was the most frequent lesion, found in
127 (88.2%) cases (table 2). Compressive lymphad-
enopathy was observed in only one patient.

The most common parenchymal lesion, found in
89 (61.8%) cases, was represented by nodules. Other
features, such as: reticular opacities, “alveolar sar-
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Table 1. Features of the study group

Table 2. Radiological staging and HRCT findings in the group

Total Investigation Findings Number (%)
Ethnicity Caucasians 144 (100%) Chest stage 1 56 (38.9%)
radiography stage 2 62 (43%)
Age* (years) 52.0 (42.5-58.0) stage 3 22 (15.3%)
stage 4 4 (2.8%)
Gender female 108 (74.9 %)
male 36 (25.1 %) Chest Enlarged intrathoracic lymph nodes:
. HRCT Bilateral hilar adenopathy 127 (88.2%)
_ 9
Smoking non-smokers 118 (81.9 %) features Paratracheal adenopathy 97 (67.4%)
status current smokers 10 (6.9 %) P o] ad h 31 (56.2%
x-smokers 16 (11.1 %) araaortal adenopathy (56.29%)
€ Bronchopulmonary adenopathy 48 (33.3%)
Extra- Skin: 45 (31,2%) Parenchymal lesions:
pulmonary  Erythema nodosum 28 (66,7%) No parenchymal lesions 38 (26.8%)
lesions Specific sarcoidic lesions 17 (11,8%)
Reversible lesions
Eyes: 13 (9%) Nodules 89 (61.8%)
Uye1t1s 6 (46,2%) Reticular opacities* 51 (35.4%)
Sicca syndrom 7 (53,8%) Alveolar sarcoidosis 46 (31.9%)
Extrathoracic lymph nodes: 21 (14,6%) Gfound gllass Opacmff I 53 (36'§%)
Peripheric lymph nodes 14 (66,7%) Solitary pulmonary nodule 3(2.1%)
Intra-abdominal lymph nodes 7 (33,3%) Treversible lesions
. Cavi 1 (0.7%)
Liver: 52 (36.1%) ty o
1 alkaline phosphatase 26 (18,1%) Lung ;r.chrce'ctural distortion 12 (8.32/0)
T AST and ALT 15 (10,4%) Bronchicctasis 9(6.3%)
1 bilirubin 2 (1,4%) Honeycombing 1(0.7%)
Hepatomegaly 7 (4,9%) Pleural lesions:
Symptomatic liver disease 2 (1,4%) Pleural nodules 26 (18.1%)
Pleural plaques 7 (4.9%)
Spleen: 14 (9,7%) plaqu
Splenomegaly 13 (92,8%) Pleural effusion 1 (0.7%)
Hypersplenism 1(7,2%) * the term eticular opacities” include “interlobular septal thickening”
Heart 1(0,7%) and “intralobular linear opacities”
Metabolic (hypercalciuria) 9 (13,4%)

Arthritis/arthralgia 15 (10.4%)
Clinical Cough 78 (54.2%)
symptoms  Dyspnea (mMRC scale)

Level 0 3(2.1%)

Level 1 40 (27.8%)

Level 2 63 (43.7%)

Level 3 34 (23.6%)

Level 4 4(2.8%)

* results are expressed as median and IQR; T - elevated

coidosis” and “ground glass” opacities were detected
with an incidence that ranges from 31.9% to 36.8%.
In a minority of cases we have found lung architec-
tural distortion - 12 (8.3%) patients, traction bron-
chiectasis - 9 (6.3%) cases, 1 patient with a cavity and
a singular case with honeycombing (table 2).

PFTs results identified 14 (9.7%) patients with
obstruction, defined as FEV1/FVC <70% of pre-
dicteds (table 3). Although, when obstruction was
defined as FEV1/FVC<80%, we obtained a higher

prevalence of obstructive disorders, found in 56
(38.9%) cases. Impairment of central airways, ex-
pressed as decreased FEV1 was observed in 43
(29.9%) subjects. In 69 (47.9%) cases we have de-
termined a reduced flow of small airways, expressed
as low MMEF,s ;5. Plethysmographic assessment of
lung volumes revealed an increased RV/TLC ratio
in 65 (45.1%) cases, suggesting other obstructive ab-
normalities such as air-trapping or lung hyperinfla-
tion. A decreased TLC was found in 13 (9%) sub-
jects, suggesting a restrictive abnormality. That the
most common functional disorder in our group is
altered gas diffusion, expressed as decreased DLCO,
detected in 100 (69.4%) individuals (table 3). How-
ever mild changes (78% of cases) outweighed more
severe alterations.

Because guidelines on interpreting the func-
tional disturbances (19) recommend the use of a
constellation of modified lung volumes, rather than
a spirometric parameter alone, in table 4 we have
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Table 3 Spirometry, lung volumes and gas diffusion in patients
with intrathoracic sarcoidosis

Pulmonary function tests, % predicted Number (%)
FEV1/FVC

>80% 88 (61.1%)
70-79% 42 (29.2%)
<70% 14 (9.7%)
FVC

>80% 112 (77.8%)
< 80% 32 (22.2%)
FEV1

>80% 101 (70.1%)
50-79% 38 (26.4%)
30-49% 5 (3.5%)
<30% 0
MMEF,;s 75 <50% 69 (47.9%)
RV/TLC>35% 65 (45.1%)
TLC

5120% 34 (23.6%)
< 80% 13 (9%)
DLCO <80% 100 (69.4%)
60-80% ~78 (54.1%)
40-59% -20 (13.9%)
<40% -2 (1.4%)

presented the frequency of functional patterns found
in patients with intrathoracic sarcoidosis. When
small airways obstruction was defined as decreased

MMEF,;.;s and a normal or low FEV1/FVC ratio,
we obtained 49 (34.0%) cases. Air-trapping or hy-
perinflation defined as increased RV/TLC and a
normal or increased TLC (19) was revealed in 55
(38.2%) subjects.

The presence of a restrictive pattern (reduced
FVC and increased FEV1/FVC) was observed in 11
(7.6%) subjects; using the other definition (reduced
TLC and a normal FEV1/FVC) we found only 7
(4.9%) patients.

A mixed functional pattern, defined as decreased
FEV1/FVC and low TLC (19) was detected only in
3 subjects.

Among patients with restrictive defect, de-
creased DLCO was found in 85.7% of cases; while
in patients with obstruction (FEV1/FVC<70%)
DLCO was reduced in 57% of cases.

Therefore, regardless of the definitions used, re-
sults presentation method (parameters alone or func-
tional pattern), - it seems that obstructive abnormali-
ties prevail over the restrictive ones.

The relationship between PFTs and radiological
stage is presented in table 5. We found that, as the
disease advances the lung volumes tend to decrease
in all analyzed parameters. Pairwise analysis revealed
that unlike stage I, in stage IV patients, FVC median
is significantly reduced (p=0.005), thus, indicating
the prevalence of restrictive defects in these subjects.
This finding is confirmed by plethysmographic meas-

urements, which showed a significant reduction of

Table 4. Respiratory functional patterns in patients with intrathoracic sarcoidosis

Definitions used* Number (%) Functional pattern
FEV1/FVC <70% 14 (9.7%) Central airways obstruction
FEV1/FVC <70% and FEV1:

580% (mild) 2

50-79% (moderate) 9

30-49% (severe) 3

<30% (very severe) 0
MMEF,; ,5<50% and FEV1/FVC <80% (N or {) 49 (34.0%) Small airways obstruction

RV/TLC > 35% and TLC >80% (N /T)
FEV1/FVC >80% and FVC <80%
TLC<80% and FEV1/FVC=70-80% (N)

TLC<80% and FEV1/FVC < 70%

55 (38.2%)

Air-trapping/ Hiperinflation

11 (7.6%) Restriction (spirometry)
7 (4.9%) Restriction (body-plethismography)
3(2.1%) Mixed functional disturbances

*~ values presented as % predicted
N - normal values, 4 - decreased, T - increased
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TLC in stage IV subjects, compared to those in oth-
er stages (p=0.026). Furthermore, stage IV patients
have significantly reduced most of the ventilatory pa-
rameters, including FEV1 (p=0.004) and MMEF s ;5
(p=0.001), which suggests that in stage IV obstruc-
tive disease coexists with restrictive abnormalities.

An interesting finding was detection of several
functional impairments in stage I patients, which
by definition does not involve lung parenchyma.
The most prevalent alterations were represented by
reduced MMEF,; ;sin 17 (30.4%) cases, which sug-
gests the presence of obstructive phenomena in the
small airways from early stages of the disease and
decreased DLCO - in 37 (66.1%) stage I subjects,
indicating parenchymal involvement even in “infra-
radiological” stages.

Multiple comparative analysis of PFTs and
dyspnea score (table 6) pointed out the tenden-
cy downward of lung volumes and DLCO as the
breathlessness became more severe. Table 7 confirms
the presence of linear correlations between PF'Ts and
dyspnea score, and emphasizes moderate correlations

Table 5. Relationship between PFTs* and radiological stage

with FEV1 and DLCO, while FVC, MMEF,; ;5, and
TLC correlated weakly.

Echocardiography with Doppler screening
revealed 7 (4.9%) patients with increased systolic
pressure in the pulmonary artery (mean pressure
43.42+2.3 mm Hg). Because of the small number
of subjects, we found the influence of sarcoidosis in-
duced pulmonary hypertension on functional param-
eters insignificant.

In order to find if determined the functional dis-
turbances, we have performed diagnostic bronchos-
copy with transbronchial and endobronchial biopsies
in a subgroup of 78 patients. An interesting finding
was the presence of sarcoid granuloma in the lung
parenchyma and in the bronchial mucosa even in
patients with stage I, which could explain the high
incidence of obstructive disorders in these patients
(table 8).

To assess the influence of endobronchial changes
on ventilatory indicators, we have divided the group
of subjects that have undergone transbronchial/en-
dobronchial biopsies into 2 groups, according to the

Stage I Stage II Stage I1I Stage IV Total P
n=56 n=62 n=22 n=4 n=144
FvC Y%pred. 99.5" 91.8 87.0 66.3" 94.6 0.005
[89.1;110.8] [81.0;100.9] [75.2;108.5] [56.6;82.6] [81.1;106.2]
cases with FVC < 80% pred. (%) 9(16.1%) 14 (22.6%) 6 (27.3%) 3(75%) 32 (22.2%)
FEV1 Y%pred. 100.2m™m 88.7' 87.4! 63.7™" 91.0 0.004
(85.8-105.9) (75.2-98,1) (56.9-100.2) (53.7-80.2) (76.8-102.4)
cases with FEV1 <80% pred. (%) 10 (17.9%) 21 (33.9%) 9 (40.9%) 3(75%) 43 (29.9%)
MMEF,;;  %pred. 86.3 ™1V 59.6! 55.91 51.37 71.2 0.001
(54.9-98.6) (43.2-83.5) (38.3-91.1)  (39.5-64.8) (48.7-91.1)
cases with MMEF;.75<50% pred. (%) 17 (30.4%) 36 (58.1%) 13 (59.1%) 3 (75%) 69 (47.9%)
TLC Y%pred. 111.5" 109.8" 106.9" 75.4rmm 110.2 0.026
(102.8-116.6) (95.0-119.0) (95.4-123.3) (74.5-81.2) (95.3-118.2)
cases with TLC < 80% pred. (%) 3 (5.4%) 5(8.1%) 2 (9.1%) 3 (75%) 13 (9%)
DLCO Y%pred. 79.2mmv 74.5™ 66.9™ 44 210m 76.2 <0.0001
(74.9-82.7)  (65.9-82,5) (58.4-81.7) (31.1-51.1)  (66.9-82.2)
cases with DLCO < 80% pred. (%) 37 (66.1%) 44 (71%) 15 (68.2%) 4(100%) 100 (69.4%)

Note: *Values expressed as median and IQR (25-75 percentiles);

LIL 11T

or V indicates the radiological stage in which comparative analysis of values found statistically significant differences. E.g.: 100.2™11V

- FEV1 from stage I is significantly different from FEV1 value from stage II, III, and IV.
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Table 6. Relationship between PFTs* and dyspnea score

mMRCO mMRC1 mMRC2 mMRC3 mMRC4
n=3 n=40 n=63 n=34 n=4 P
FEV1 106.1 100.2 90.2 76.1 60.1 <0.0001
(104.8-108.6) (91.9-112.2) (79.8-99.3) (59.3-90.3) (55.7-68.3) ’
FVC 101.9 101.4 94.6 78,9 78.3 <0.0001
(101.3-106.5) (93.9-114.0) (82.6-103.6) (71.8-99.7) (65.7-84.3) ’
MMEF,; s 95.8 86.8 71.2 55.0 33.1 <0.0001
(90.8-97.2) (64.6-100.2) (49.9-90.5) (39.6-79.0) (25.7-40.5) ’
RV/TLC 33.1 38.9 39.6 43.5 46.3 0.012
(30.5-40.3) (32.2-44.9) (34.5-46.4) (40.1-47.7) (41.6-52.1) :
TLC 111.3 110.8 112.3 94.2 99.5 0.002
(110.7-111.6) (103.0-119.7) (104.6-120.8) (83.2-115.2) (83.5-128.1) ’
DLCO 83.1 79.8 76.6 64.3 49.7 <0.0001
(78.7-88.9) (76.4-89.9) (70.8-81.6) (54.8-72.1) (28.5-68.7) :

*Values expressed as median and IQR (25-75 percentiles)

Table 7. Correlations between dyspnea score and pulmonary func-
tional parameters

Table 8. Histological results of the EBB and TBB according to

radiological stage

Pulmonary function tests Dyspnea Score
Correlation coeflicient P
FVC -0.47 <0.0001
FEV1 -0.51 <0.0001
MMEF;s 5 -0.41 <0.0001
TLC -0.3 0.002
DLCO -0.51 <0.0001

histological results, following this endoscopic proce-
dure (table 9). Results show that lung volumes and
DLCO are lower in the positive lung biopsy group,
with statistically significant difference of FEV1
(p=0.039) and MMEF,; ;s values (p=0.0014). These
data emphasize the role of endobronchial granulo-
mas, as well as of those situated along the broncho-
vascular bundles, in determining obstructive disor-
ders in patients with intrathoracic sarcoidosis.

Discussions

Several earlier publications (8-10) suggest that
restrictive functional disturbances in patients with
sarcoidosis are a common finding. Contrary to this
view, in our research we identifical only 11 (7.6%)

Endoscopic Radiological Positive Positive
technique stage histological yield
results/

Total no. of

lung biopsies
Endobronchial I 5/23 21,7%
biopsy 1T and III 19/54 35,1%

v 0/1 0

Transbronchial I 8/23 34,8%
plus 1T and III 37/54 68,5%
Endobronchial v 0/1 0
biopsy

Table 9. Comparative results of pulmonary functional parameters
in positive and negative lung biopsy groups

Functional

Positive lung Negative lung p

parameter biopsy group biopsy group
(n=45) (n=33)

(mean+SD) (mean+SD)
FVC 91.58+19.9% 95.27+14.9% >0.05
FEV1 81.17+20.5% 90.29+16.6% 0.039
MMEF,; 5 64.42+9.9% 71.93+8.3% 0.0014
DLCO 75.81+17.6% 76.52+12.9% >0.05

* Positive lung biopsy group — the group of patients in which we
have obtained sarcoidic granulomas using TBB or/and EBB
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subjects who showed this type of ventilatory abnor-
mality established by spirometry, while bodyple-
thismographic measurement revealed the presence
of restriction in only 7 (4.9%) of these individuals.
Other recent similar works confirm that restriction
in sarcoidosis is a rare phenomenon (20, 21).

However, our results show that sarcoidosis is
predominantly obstructive, prior studies indicate
incidences ranging from 4 to 63% (10-13, 22). An
explanation regarding the large variation of the in-
cidente from study to study could be the various
definitions and reference values used by different
authors. Thus, Sharma et al. reported that obstruc-
tion, defined as FEV1/FVC below 75% was found
in 63% of sarcoidosis non-smoking negroid patients
(13). The ACCES study presents a high incidence of
obstruction (53%) when considered as FEV1/FVC
<80%, while when defined as FEV1/FVC <70%,
they found only 14%. Other researches, as well as
our study, showed similar results (22, 23). A more
recent trial presented a higher incidence of this pa-
rameter (FEV1/FVC<70%) - affecting 27% subjects
with sarcoidosis (24) of patients with sarcoidosis,
probably due to patients selection criteria (Japanese
population).

Involvement of the central airways, defined by
ATS/ERS as decreased FEV1 (25), was detected in
a proportion of 29.9% in our study, data similar to
those reported by several authors (11, 26). Experts
explain the large airway lesions due to chronic gran-
ulomatous inflammation, endobronchial masses and
extrinsic compression of massive lymphadenopathy
(27).

A more prominent functional disturbance in
our study group is lower airways flow limitation. The
prevalence of small airway obstruction is showed by
the high incidence of decreased MMEF,; ;5 in almost
half of the investigated subjects (47.9%). Although
this parameter is frequently considered to have a lim-
ited use, due to its wide variability, the obtained data
were confirmed by plethysmographic measurements
(RV/TLC) with similar results.

While the substrate of lower airways impair-
ment and bronchiolitis secondary to sarcoidosis can-
not be confirmed by endoscopic procedures due to
technical limitations, the significant differences of
FEV1 and MMEF,s ;s values between positive and
negative lung biopsy groups, and also the nodules
present at HRCT with a high frequency, suggest the

importance of granulomatous inflammation in deter-
mining an obstructive spirometric pattern. Unlike us,
in an earlier study, Stjernberg et al. failed to detect
any correlation of endoscopic findings with sever-
ity of airflow limitation (28). Emphasizing the role
of granulomatous inflammation in determining the
obstructive impairment in patients with sarcoidosis
is very important, since airways obstruction can be
completely or partially reversed with steroid treat-
ment, thus improving symptoms (29).

Based on our results, we can conclude that as the
disease advances, the restrictive defect becomes more
prevalent, while obstructive disturbances are present
from early stages, mainly affecting small airways, and
in end-stage disease obstructive impairment coex-
ists with restrictive disorders. Mixed abnormalities
were found only in 3 (2.1%) cases, a result that corre-
sponds to data from other similar studies (10, 12, 30).

Gas diffusion abnormalities list among func-
tional parameters that are commonly decreased in
patients with sarcoidosis, suggestive of altered lung
insterstitium (8). Our study found an incidence of
100 (69.4%) cases of impaired DLCO. Prior stud-
ies stated that low carbon monoxide diffusion can
be found in approx. 2/3 of sarcoidosis patients with
abnormal radiographs (31). The high incidence of
decreased DLCO in the majority of patients with re-
strictive ventilatory defect, but also in subjects with
obstructive disturbances, suggests that in our cohort
altered DLCO could be due to both granulomatous
alveolitis, and small airways involvement that impede
the alveolar gas exchange. Pulmonary hypertension
induced by sarcoidosis in our study doesn't seem to
have a significant role in determining reductions in
DLCO since its incidence in our group is low. In a
recent review Shino and the colleagues found inci-
dences of pulmonary hypertension associated to sar-
coidosis that ranged 6-74% (32).

While we found that lung volumes trend down-
ward as the disease advances, experts consider the
correlation between radiographic staging and lung
function imprecise (33), as in individual cases it is
hard to predict the patient’s functional status from a
radiograph (34).

Dyspnea, one of the most common respiratory
symptoms in patients with sarcoidosis, in our trial to
correlates with functional parameters, among them
FEV1 and DLCO obtained higher correlation co-
efficients. Based on these results, the mMRC scale
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could be used as an easy and inexpensive method of
assessment of disease severity.

There is a wide range of functional disorders
even in patients with stage I of the disease, which
by definition doesn't involve the lung parenchyma.
Ovur results show that small airways are affected in 17
(30.4%) cases while decreased DLCO was detected
in more than half of radiological stage I subjects -
37(66.1%) cases. Other authors have noted that
ventilatory defects are present in only 20% of these
patients (31, 35). Moreover, chest HRCT scans de-
tected 18 patients out of 56 radiologically assigned
as stage I patients, according to Scadding classifica-
tion, who had isolated nodules. Furthermore, TBB
and EBB found granulomas in these patients. Thus,
these findings suggest that granulomatous inflam-
mation could determine lung volumes and DLCO
alterations.

CONCLUSIONS

Our study reveals that the dominant functional
abnormality in patients with intrathoracic sarcoido-
sis is obstruction that affects the entire length of the
bronchial tree causing a wide range of airways impair-
ment and altered gas diffusion. These functional dis-
turbances are prevalent from early stages of the dis-
ease and have a tendency to coexist with restriction as
the disease advances. Granulomatous inflammation
seems to have an important role in determining ob-
structive defect, even from “infra-radiological” stages.
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