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SUMMARY

Coagulation and fibrinolytic systems have both
been implicated in the pathogenesis of sarcoidosis.
D-dimer (DD) is a fibrin degradation product and can
be used as a marker of fibrinolytic system activity.

The purpose of the present study was to determine

the relationship between serum D-dimer (DD) levels
and clinical findings, pulmonary function test
results, and stage of the disease in patients with

sarcoidosis.

Thirty-seven patients with newly diagnosed
sarcoidosis were included in this prospective
study. The relationship of DD levels with age,
dgender, smoking habits, complaints at the time
of admission, treatment status and prognosis,
findings on physical examination, laboratory testing,
chest radiography, thoracic computed tomography,
pulmonary function tests, and single-breath carbon
monoxide diffusion capacity was evaluated.

Of the 37 patients, 73% were females and the
mean age was 46.14+11.02 years. DD positivity
was noted in 12 patients (32.4%). It was observed
that the DD levels increased with age, stage of
the disease, and sedimentation rate.

The patients with sarcoidosis who were under
treatment due to chronic progressive cough and

dyspnea were generally DD-positive. Further studies
are warranted to confirm the possible use of DD

as a marker in the decision making process for

recommending initiation of treatment, and in
the evaluation of the response to treatment in
patients with sarcoidosis.

OZET
Bu calismada yeni tani konulan sarkoidoz hasta-
larinda, serum D-Dimer (DD) diizeyinin hastanin

Klinik bulgular, solunum fonksiyon testleri ve has-
taldin evresi ile iliskisini arastirmayr amacladik.

Otuzyedi yeni tanm1 konmus sarkoidozlu hastay:
kapsayan prospektif bir calismadir. DD diizeyi ile
olgularin cinsiyet, yas ve sigara icme aliskanhk-
lar1, basvuru yakinmalari, fizik muayene ve labo-
ratuvar bulgulari, akciger grafileri, toraks bilgi-
sayarli tomografileri (BT), solunum fonksiyon
testleri ve karbonmonoksit diflizyon kapasitesi
(DLCO) ve tedavi arasindaki iliski degerlendirildi.

Olgularin %73t kadin olup, ortalama yas
46.14+11.02 idi. 37 olgunun 12'sinde (%32.4)
DD diizeyi yiiksek bulundu. Calismada, olgularin
yasl, hastaligin evresi ve sedimantasyon hizi
arttikca DD diizeyinin arttidi izlendi.

DD kronik progresif 6ksuriik ve dispne nedeniyle
tedavi alan olgularda genel olarak pozitif bulundu.
DD’in sarkoidozda tedavi baslama Kkararini ver-
mede, tedaviye cevabi degerlendirmede yardimci
olabilecek bir markir olarak Kkullanilabilecegini
arastirmak uUzere ileri c¢alismalarin yapilmasina
gereksinim vardir.
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INTRODUCTION

Sarcoidosis is a granulomatous disease of
unknown etiology that can affect virtually any
organ though the lungs and lymphatic system
are most commonly involved. Although
sarcoidosis was first described over 100 years
ago, many aspects of sarcoidosis have yet
to be elucidated. The information on its
epidemiology, genetic factors and treatment
has gained momentum in the last 20 years
with the advances in molecular biology and
bronchoalveolar lavage (BAL). However,
information on sarcoidosis remains limited
and an ideal therapeutic approach has not
been established (1-4).

Coagulation and fibrinolytic systems have
both been implicated in the pathogenesis
of sarcoidosis (5). While some studies (6)
have claimed elevated procoagulant activity
in the BAL fluids of patients with sarcoidosis,
others (7) have reported decreased protein
C activity in BAL fluids of patients with
sarcoidosis. Cell-related procoagulant activity
in alveolar macrophages of patients with
sarcoidosis has been shown to be associated
with the radiographic stage of the disease
(5). It has been thought that the intra-alveolar
activation of the coagulation cascade leads
to fibrin deposition in the pulmonary
interstitium and alveoli. Fibrin and fibrin-
degradation products enhance inflammation
by causing chemotaxis and endothelial cell
damage. Histologic studies on certain pulmonary
diseases have revealed that sites of
subsequent fibrosis correspond to sites of
fibrin deposition (8).

D-dimer (DD) is a fibrin degradation product
and can be used as a marker of fibrinolytic
system activity. Furthermore, DD levels in the
circulation can be easily measured. DD levels
have been established to be associated
with disease activity of Crohn’s disease and
systemic l upus erythematosus (9,10). The

significance of fibrinolysis in sarcoidosis, as
well as the relationship between disease
activity and elevated DD levels in sarcoidosis-
like conditions, suggests that serum DD
measurements may reflect the disease
activity of sarcoidosis.

In the present study, we determined the
serum DD levels in patients with newly
diagnosed sarcoidosis and established the
relationship between DD levels and clinical
findings, pulmonary function test results,
and stage of the disease.

MATERIAL AND METHODS

A total of 37 patients who were admitted to
the outpatient clinic between 2007 and
2009 and diagnosed with sarcoidosis were
enrolled in the study. Patients who were
diagnosed with sarcoidosis without histologic
confirmation and patients who received
inhaled or oral corticosteroid treatment within
the last 12 months were excluded. The
patients were evaluated in terms of gender,
age, smoking habits, complaints at the time
of admission, findings on physical examination,
laboratory testing, purified protein derivative
(PPD) skin testing, pulmonary function tests
(PFT), thoracic computed tomography (CT),
high resolution computed tomography (HRCT),
bacteriologic testing, and histopathologic
assessment, and single-breath carbon monoxide
diffusion capacity (DLCO). Treatment status and
prognosis of the patients were evaluated as
well. All patients underwent electrocardiography,
abdominal ultrasonography, and eye
examination.

The diagnosis of sarcoidosis was based on
the establishment of histopathologically:
non-caseous granulomas. The patients were
classified into five stages with respect to
their chest radiographic results, as follows
(1): stage O, normal posteroanterior chest
radiograph findings; stage 1, bilateral hilar
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adenopathy (may be accompanied by para-
tracheal adenopathy); stage 2, bilateral hilar
adenopathy with parenchymal infiltration;
stage 3, parenchymal infiltration without hilar
lymphadenopathy; and stage 4, pulmonary
fibrosis. All patients underwent fiberoptic
bronchoscopy. BAL fluid samples were
examined for acid-resistant bacilli (ARB) and
were cultured. The patients in whom diagnosis
could not be ascertained with transbronchial
biopsy underwent mediastinoscopy, and
peripheral and scalene lymph node biopsies
to establish the histopathologic diagnosis.

Clinical and Laboratory Assessment

The patients were informed about the study
and informed consent was obtained prior
to initiation of the study. The patients, who
previously had been instructed about the
PFT, underwent the tests on a ZAN 100
spirometer while sitting in the upright
position with nose occluded by a clip
according to ATS guideline. The PFT were
carried out by performing at least three
technically acceptable maneuvers. Three
separate flow volume curves were obtained
and the highest values for forced vital capacity
(FVC) and forced expiratory volume in one
second (FEV1) were used. The FEV1, FVC,
FEV1/FVC, and DLCO were recorded as
percentages of normal values for the age,
gender, and height. Moreover, DLCO
measurements were corrected for hemoglobin
concentrations. The results of the PFTs were
evaluated as follows: a FEV1/FVC value
<70% was consistent with obstructive
respiratory dysfunction; a FVC value <80%
of the normal value with normal or high
FEV1/FVC values was considered to be
restrictive respiratory dysfunction; and
depressed FEV1/FVC and FVC values were
designated as a mixed type respiratory
dysfunction. A DLCO value <80% of the normal

value was considered to be decreasec
diffusing capacity.

After a 12-hour fast, the following were
assessed: complete blood count; urea;
creatinine; uric acid; fasting blood glucose;
sodium; potassium; calcium; DD level;
erythrocyte sedimentation rate (ESR);
prothrombin time; and hepatic function.
Urine calcium was measured in a 24-hour
urine sample. Although the 24-hour urine
calcium reference values vary depending
on the diet, the normal range was accepted
as 50-300 mg/day. All samples were delivered
to the laboratories in the first 15 minutes
after collection. Routine biochemical analyses
were carried out using an Olympus AU 2700
automated analyzer (Tokyo, Japan). Blood
samples were transferred into coagulation
tubes containing 2 mL of sodium citrate for
DD measurements. The samples were
evaluated in the first 2 hours using a DD
plus kit with an enzyme-linked fluorescent
assay (ELFA) method on a Mini Vidas. DD
values <500 ng/mL were considered normal.

The indications for initiating treatment were
chronic progressive cough in 6 patients,
dyspnea in 4 patients, eye involvement in 1
patient, liver involvement in 1 patient, and
impaired vision due to lymphadenopathy in
1 patient.

Statistical analyses were conducted using
SPSS for Windows (Version 16.0, SPSS Inc.,
Chicago, IL, USA). Normally distributed
continuous variables were compared using
a Student’s t-test, and non-normally distributed
variables were compared using a Mann-
Whitney U test. Categorical variables were
compared using a chi-square test. A Fisher’s
exact test was used if expected frequencies
are too low. A two-tailed p value was used,
and a p value <0.05 was considered
statistically significant.
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RESULTS

Thirty-seven patients (27 females (73%);
and 10 males (27%)) with sarcoidosis were
enrolled in the present study. The mean
age was 46.14+11.02 years. Of the patients,
22 (59.5%) had never smoked, while 15
(40.5%) were active smokers.

Of the 37 patients, a diagnosis of sarcoidosis
was established in 18 patients (48.64%) via
mediastinoscopy, 9 patients (24.3%) by
transbronchial parenchymal biopsy (TBB), 8
patients (21.6%) by lymph node biopsy,
and 2 patients (8.1%) by thoracotomy wedge
resection. The patients were classified as
follows: 45.9% (n=17), stage 1; 51.4 (n=19),
stage 2; and 2.7% (n=1), stage 3. No patients
in the study group were classified as stage
0 or 4. Extrapulmonary involvement existed
in 8 patients (21.6%). Of those, 1 had eye,
1 had liver, and 6 had skin involvement.

Elevated levels of calcium existed in 2.7%
(n=1) of the patients; the mean calcium
level was established 9.18+0.43 mg/dL. An
elevated ESR (normal, >20 mm/h in females
and >15 mm/h in males) was noted in
29.7% of the patients (n=11). The mean
ESR was 18.4+16.4 mm/h.

PFT revealed respiratory dysfunction in
32.4% of 12 patients, while 91.6% of those
had restriction and 8.4% had a mixed
pattern. No patient had obstruction. Of the
stage 1 patients, 29.41% had respiratory
dysfunction, all of which were of the restrictive
type. Respiratory dysfunction existed in
31.57% of the stage 2 patients (26.31% were
restrictive and 5.26% were of the mixed
type). Only 1 patient with stage 3 sarcoidosis
had restriction based on RFT. Of the patients,
64.8% (n=24) had impaired diffusion capacity.

All patients, including 13 patients (35.1%)
receiving systemic steroid treatment and 24
patients (64.9%) wi thout medication, were

monitored. Of the patients, 12 (32.4%) were
DD-positive (Table 1). There were 3 male
(25%) and 9 female patients (75%) positive
for DD; the difference was not significant
(p=1.000). The mean age of DD-positive and —
negative patients was 53.50+10.63 and
42.60+9.49 years, respectively. The difference
between the groups in terms of age was
established to be significant (p=0.003).

Table 1. Demographic characteristics of the patients.

Gender; n (%)
Female
Male

27 (73.00)

10 (27.00)
Age (meanz=SD) 46.14+11.021

Smoking habit; n (%)

Smoker 15 (40.60)
Non-smoker 22 (59.40)
Diagnostic method; n (%)
Forceps biopsy 9 (24.30)
Thoracotomy wedge resection 2 (5.40)
Scalene lymph node biopsy 7 (18.90)
Cervical lymph node biopsy 1 (2.70)
Mediastinoscopy 18 (48.64)
Organ involvement; n (%)
Skin 6 (16.20)
Liver 1 (2.70)
Eye 1 (2.70)
Stage; n (%)
1 17 (45.90)
2 19 (51.40)
3 1 (2.70)
4
Symptoms; n (%)
Cough 23 (62.20)
Dyspnea 10 (27.00)
Chest pain 5 (13.50)
Arthralgia 5 (13.50)
Treatment status; n (%)
Receiving treatment 13 (35.10)
No treatment 24 (64.90)
D-dimer status; n (%)
Positive 12 (32.40)
Negative 25 (67.60)




No significant relationship was established
between the presence of symptoms and DD
positivity (p=1.000). At the time of admission,

33 patients had symptoms. The most common
symptom was cough. DD positivity was not
associated with any of the symptoms. Of the
12 DD-positive patients, 11 (91.7%) had
symptoms, while of the 25 DD-negative
patients, 22 (88%) had symptoms. Of the 33

Table 2. Clinical characteristics of the patients with
sarcoidosis according to D-dimer positivity.

DD (+) patients DD (-) patients p

patients with symptoms, 11 patients (33.3%)
were DD-positive, and of the 4 patients
without symptoms, 1 patient (25%) was DD-
positive; the difference was not significant
(p=1.000). No significant difference was noted
between the DD-positive and -negative
patients with respect to history of smoking
(p=1.000, Table 2).

While the only stage 3 patient who was DD-
negative was not included in the analysis,
36 patients who had stage 1 or 2 sarcoidosis
were compared in terms of DD positivity.
DD positivity was established in 2 of the 17

Age 53.50+10.63 42.60+9.49 0.003* patients (11.7%) in the stage 1 sarcoidosis

Gender group and 10 of the 19 patients (52.6%) in

Male 3 (25%) 7 (28%) the stage 2 sarcoidosis group. The difference

Female 9 (75%) 18 (72%) between the groups was established to be
1.000 significant (p=0.025), (Table 3).

Cough Spirometric  and  diffusing  capacity
No 5 (44.7%) 9 (56%) measurements of DD-positive and -negative
Yes 7 (58.3%) 16 (64%) patients were compared. Of the 12 DD-

1.000 positive patients, 6 (50%) had abnormal

Dyspnea PFT results. Of those 6 patients, 5 had
No 8 (66.7%) 19 (76%) restrictive and 1 had a mixed pattern.
Yes 4 (33.3%) 6 (24%) Similarly, 9 of the 12 DD-positive patients

0.696 (75%) had decreased diffusing capacity.

Chest pain However, no significant differences were
No 10 (83.3%) 22 (88%) established between the groups in terms of
Yes 2 (16.7%) 5 (12%) FVC, FEV1, FEVI/FVC, and DLCO values

1.000 (Table 4). However, the Pearson correlation

Erythema nodosum test revealed that the lower the FVC value
No 9 (75%) 22 (88%) (as restriction severity increased), the higher
Yes 35 (25%) 3 (12%) the DD level (r=-3.77). The mean ESR per

0.367

Complaints Table 3. Disease stage of the patients with sarcoidosis
No 1 (8.3%) 3 (12%) according to D-dimer positivity.

Yes 11 (91.7%) 22 (88%) DD (+) patientsDD (-) patients  p
1000 Stage; n (%)

Smoking 1 2 (16.7) 15 (60.0)
Non-smoker 7 (58.3%) 15 (60%) 2 10 (83.3) 9 (36.0)

Smoker 5 (41.7%) 10 (40%) 3 0 (0.0) 1 (40)
1.000 0.026*
D: D-dimer DD: D-dimer
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Table 4. Respiratory function parameters of the patients with sarcoidosis according to D-dimer positivity.

Respiratory function parameters DD (+) patients DD (-) patients P
(mean=SD) (mean+SD)

FVC 78.00+15.82 87.32+14.38 0.083

FEV1 81.17+16.17 83.88+16.33 0.638

FEV1/FVC 106.08+18.39 96.80+9.79 0.052

DLCO 66.67x22.94 73.92+20.97 0.346

DD: D-dimer; FVC: Forced vital capacity; FEV1: Forced expiratory volume in one second; DLCO: Single-

breath carbon monoxide diffusing capacity.

Table 5. Treatment status of the patients with sarcoidosis according to D-dimer positivity.

Treatment status DD (+) patients DD (-) patients p
n (%) n (%)
Receiving treatment 8 (66.7) 5 (20.0)
No treatment 4 (33.3) 20 (80.0)
0.010*

DD: D-dimer

hour was observed to be significantly
different in DD-positive and -negative
patients (p=0.04); however, a comparison
with respect to calcium levels revealed no
significant relationship (p=0.655).

No significant differences existed between
the two groups regarding the presence of
extrapulmonary involvement (liver, eye,
and skin; p=0.324, p=0.324, and p=0.367,
respectively).

It was also observed that DD positivity was
more common in the patient group receiving
treatment (13 patients (35.1%])) when
compared with those without medication
(24 patients (64.9%)); the difference was
significant (p=0.01; Table 5). DD positivity
was observed in the patients in whom
treatment had been initiated due to chronic
progressive cough and dyspnea.

DISCUSSION

The results of the current study revealed
that as the age of the patient, stage of the
disease, and ESR increased, DD levels

increased as well. It was also observed that
the majority of the patients who received
treatment were DD positive.

Coagulation and fibrinolytic systems are
associated with various acute and chronic
inflammatory pulmonary conditions, such as
acute respiratory distress syndrome (ARDS),
interstitial lung disease, and sarcoidosis. It
has been suggested that intra-alveolar
activation of the coagulation cascade leads
to fibrin deposition in the pulmonary
interstitium and alveoli Elevated levels of
DD in the circulation indicate that the
fibrinolytic system is active
patients with sarcoidosis. Several studies
have been performed considering the
relationship between this phenomenon and
disease activity (6-10).

in certain

Once the coagulation system is activated in
the alveolar region, thrombin converts
fibrinogen into fibrin. Under normal conditions,
fibrin deposition in the intra-alveolar space
is rapidly eliminated by fibrinolytic mechanisms.
This local fibrin dissolution occurs because
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BAL fluid in normal individuals contains
urokinase, which is a plasminogen activator
converting plasminogen into plasmin.
Urokinase is synthesized in macrophages and
alveolar epithelial cells. The plasminogen-
plasmin system activity in the alveolar area
is regulated by urokinase receptor and
plasminogen activator inhibitor-1 (11-13).
Activated protein C (APC), which is an effective
enzyme of the anticoagulant protein C system,
may have an impact on fibrinolytic activity in
addition to its effect on anticoagulant function.

APC may in part stimulate fibrinolysis. It
decreases the amount of plasminogen
activator inhibitor, which restricts the plasmin
production, by degrading it or by forming a
complex with it. Persistent fibrin deposition

in the alveolar area may stimulate the growth
of fibroblasts and deposition of collagen,
and consequently may lead to pulmonary
fibrosis (10).

While Hasday et al. (9) reported elevated
procoagulant activity in BAL fluids in patients
with sarcoidosis; Kobayashi (10)
reported decreased protein C activity in
BAL fluids of sarcoidosis patients. Other
studies investigating coagulation in patients

et al.

with sarcoidosis have revealed an elevated
presence of coagulation activity markers in
BAL fluids of those patients, such as APC,
thrombin-antithrombin 3 complex, thrombo-
plastin, and fibrin degradation products (5,14).

The ratio of procoagulant activity over
plasminogen activator was shown to be
associated with the degree of alveolitis
measured by BAL fluids. Cell-related pro-
coagulant activity in alveolar macrophages
of patients with sarcoidosis was shown to
be also associated with the radiographic
stage of the disease (5,15).

The studies mentioned above were based
on BAL fluids rather than serum markers of

inflammation. Evaluation of BAL fluids
alone in patients with sarcoidosis may
result in overlooking inflammatory activity
in extrapulmonary tissues. Perez et al. (16)
established that 8 of 10 patients had
detectable DD levels in BAL fluids, while 7
of those patients had detectable DD levels
in serum samples as well. Furthermore, DD
levels in BAL fluids were associated with
lymphocyte levels detected on the cellular
analysis of fluids and it was suggested that
they could be used as a marker of disease
activity. The present study is consistent with
previous studies focusing on the coagulation
cascade in sarcoidosis and offers additional
information.

In the present study, the relationship between
DD positivity and parenchymal involvement
was determined and the relationship was
shown to be significant (p=0.034). This
particular result suggests that DD positivity
is more common in patients with parenchymal
involvement. We observed DD positivity in
patients with chronic progressive cough,
patients under treatment due to dyspnea,
and patients observed to have pulmonary
infiltration on chest radiography. DD positivity
was established in 8 of 13 patients receiving
treatment. Of those 8 patients, treatment had
been initiated due to chronic progressive
cough or dyspnea. The results of the present
study were consistent with Shorr et al. (6),
who noted DD positivity in 39.9% of 28
patients with sarcoidosis and reported that
DD positivity was associated with disease
stage, DLCO level, serum ACE level, and the
presence of dyspnea. Shorr et al. (6) alsc
reported that serum DD-positive patients were
3.8 times more likely to have interstitial
involvement. Further, Shorr et al. (6) proposed
the use of the DD level as a criterion of
disease activity. That particular study had
certain advantages as it was carried out on
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a larger study sample and conducted with
patients who had not undergone any previous
treatment; the assessment of routinely
used data is another advantage of their
study. Previous studies had not emphasized
a relationship between DD levels and chest
radiographic findings, pulmonary function
test findings, and respiratory symptoms (6).
Similar to the study of Shorr et al., our study
sample was also larger than the previous
studies.

Gupta et al. (15) established that 30% of the
newly diagnosed patients with sarcoidosis
were DD-positive. Symptoms, as well as
physiologic and radiologic abnormalities, were
more frequently observed in DD-positive
patients. Gupta et al. (15) concluded that
DD was a weak marker for the evaluation of
the therapeutic response.

Although it was established that the DD level
was associated with pulmonary infiltrates
on chest radiography in the present study,
it was not observed to be associated with PFT
findings and DLCO. However, the Pearson
correlation test revealed that as the FVC
value increased (as restriction decreased),
the DD levels increased as well (r=-3.77).
Other studies reported DD levels to be
significantly associated with DLCO (6).

Sarcoidosis peaks in the 20-29-year age
group, and is most commonly observed in
individuals <40 years of age. A second peak is
observed in women >50 years of age living
in Scandinavian countries and Japan. The
mean ade of patients with sarcoidosis in
the present study was 46.14+11.02 years.
Although this figure is not consistent with
those reported in the world literature, it is
consistent with the results of previous
studies conducted in Turkey, in which the
mean ade of sarcoidosis patients was
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reported to be between 30 and 50 years of
age (17-20). Furthermore, the present study
established a positive correlation between
the age of sarcoidosis patients and the DD
levels (r=0.494).

Sarcoidosis which is commonly observed
throughout the world, affects men and women
of all races and ages. Although some
studies have reported that the frequency of
sarcoidosis in women is two times greater
than in men, generally the reported prevalence
in women is not so high (19-21). In the
present study, 73% of the 37 patients (n=27)
with sarcoidosis were women,
27% (n=10) were men. We established no
significant relationship between gender and
DD level, consistent with the results of the
other studies focusing on the coagulation
cascade in sarcoidosis.

whereas

Of the 37 patients with sarcoidosis in the
present study, 6 (16.2%) had skin involvement,
1 (2.7%) had liver involvement, and 1 (2.7%)
had eye Extrapulmonary
involvement rates were observed to be low.
We did not observe a significant relationship
between extrapulmonary involvement and
DD positivity in the present study, consistent
with the results of the study conducted by
Shorr et al. (6).

involvement.

In conclusion, patients with sarcoidosis
who were under treatment due to chronic
progressive cough and dyspnea were
dgenerally DD-positive. This result indicates
that the coagulation cascade is active in
patients with sarcoidosis receiving treatment.
DD levels were also associated with

parenchymal involvement, age, and ESR.

It remains unclear whether DD is elevated
due to a deneral stimulation in various
inflammatory cascades or it results from a
more specific pathophysiologic process.
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