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	 Summary
	 Background:	 Sarcoidosis is an inflammatory disease that affects multiple organs. Before widespread use 

of computed tomography (CT), the severity of sarcoidosis was assessed based on chest X-ray 
abnormalities. HRCT can distinguish between active inflammatory changes and irreversible 
fibrosis. In this study, we analyzed different ACE levels in 148 patients diagnosed with sarcoidosis.

	 Material/Methods:	 We categorized these patients based on their HRCT results into four groups: 1) patients diagnosed 
with chronic disease; 2) patients diagnosed with non-chronic disease; 3) patients who exhibited 
typical HRCT changes; and 4) patients who exhibited atypical HRCT changes. Afterward the mean 
ACE level of each group was calculated and compared.

	 Result:	 The HRCT scans of chronic sarcoidosis patients tended to show more atypical sarcoidosis patterns. 
Moreover, there was a reverse correlation between chronicity and ACE level (P-value <0.05).

	 Conclusions:	 HRCT is another modality which would be useful when the diagnosis of sarcoidosis is not definite.
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Background

Sarcoidosis is an inflammatory disease that affects multiple 
organs, has undetermined origins, and is associated with 
non-caseating granuloma-epithelioid cells and lymphocytic 
alveolitis [1,2].

The areas affected by this disease in 90% of sarcoidosis 
patients are the hilar and mediastinal lymph nodes and the 
pulmonary parenchyma [3].

Although pulmonary and constitutional symptoms are 
prevalent in these patients, 50% of them are asymptomat-
ic and are diagnosed unexpectedly after abnormalities are 
discovered in chest X-rays [4,5].

Before widespread use of computed tomography (CT), the 
severity of sarcoidosis, based on chest X-ray abnormalities, 

was categorized according to the Kveim-Siltzbach method [6]. 
CT scanning, particularly high-resolution computed tomogra-
phy (HRCT), is very effective at detecting minor pulmonary 
parenchymal abnormalities at the first stages of sarcoido-
sis [4,7]. Moreover, HRCT can distinguish between active 
inflammatory changes and irreversible fibrosis. For example, 
findings such as parenchymal nodules, ground-glass opacity, 
and alveolar opacity are indicative of granulomatous inflam-
mation, which is usually reversible after therapy [8]. In con-
trast, abnormalities such as honeycomb changes, bullae for-
mation, and thick septal bronchiectasis bands are indicative 
of irreversible fibrosis [9,10] (Figures 1–3).

A reliable way to diagnose sarcoidosis is by measuring 
serum markers. Angiotensin-converting enzyme (ACE), 
which is produced by epithelioid cells derived from acti-
vated macrophages, is a known marker for sarcoidosis. 
ACE level is correlated with the amount of whole-body 
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granuloma (not ones found in the lungs only) [11] and dis-
ease severity [12,13]. ACE level is elevated in other granu-
lomatous diseases, such as leprosy [15] and histoplasmo-
sis [16], and in non-granulomatous diseases, such as hyper-
thyroidism [16,17] and lymphoma [18].

One difficulty that arises in diagnosing sarcoidosis according 
to pathologic specimen analysis is the similarity in patholog-
ic appearance between it and other granulomatous diseases, 
which also have a high level of ACE. As such, finding a rela-
tionship between the radiologic pattern of the disease and 
the ACE level is of great value as a diagnostic method when 
the ACE level and pathologic analysis are not conclusive.

In this study, we analyzed different ACE levels in 148 
patients diagnosed with sarcoidosis. We categorized these 
patients based on their HRCT results into four groups: 1) 
patients diagnosed with chronic disease; 2) patients diag-
nosed with non-chronic disease; 3) patients who exhibited 
typical HRCT changes; and 4) patients who exhibited atypi-
cal HRCT changes.

Material and Methods

In this study, we examined the hospital or clinic docu-
ments of 148 patients diagnosed with sarcoidosis, accord-
ing to the European Respiratory Society/American Thoracic 
Society/World Association of Sarcoidosis and Other 
Granulomatous Diseases guidelines [7]. These patients were 
referred to Masih Daneshvari Hospital in Tehran, Iran, 
between 2011 and 2014. They were either patients in the 
pulmonary ward or patients referred to outpatient clinics 
for a follow-up. Written and informed consent statements 
were obtained from all patients.

All patients had sarcoidosis with pulmonary involvement. 
Patients were excluded from the study if they smoked or 

had a coincident chronic fibrotic pulmonary disease such 
as hyper-reactive pneumonia or interstitial lung disease, or 
another systematic disease that leads to an increase in ACE 
levels (such as chronic obstructive pulmonary disease, pul-
monary cancer, or nephrotic syndrome).

Patient information, including age, sex, and last ACE level, 
was recorded. The patients’ HRCT scans were examined by 
two experts with consensus. Abnormalities, such as hon-
eycomb changes, bullae formation, and tractional bron-
chiectasis fibrotic band, are usually suggestive of disease 
chronicity, so the patients whose scans showed such abnor-
malities were categorized in the chronic group, whereas 
patients whose scans showed reversible changes such as 
parenchymal nodules, ground-glass opacities, and alveolar 
opacity were categorized in the non-chronic group [9,10].

In contrast, symmetrical prehillar, mediastinal lymphad-
enopathy, and perilymphatic micronodules are repre-
sentative of typical sarcoidosis changes (Figure 3), and 

Figure 1. Ground glass appearance in atypical sarcoidosis.

Figure 2. Bronchiectasis bands in chronic sarcoidosis.

Figure 3. Typical sarcoidosis.
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macronodules, lung mass, miliary opacities, and lin-
ear opacities are considered as atypical manifestation 
(Figure 1). Afterwards, the mean ACE level of each group 
was calculated and compared.

Statistical analysis

Statistical analysis was performed using SPSS software 
(version 18). Descriptive analysis was performed to show 
quantitative variables such as mean (standard deviation) 
and categorical variables such as frequency (%). Categorical 
data were compared using the chi-square equation. 
Statistical significance was considered to be less than 0.05.

Results

This study included one hundred and forty-eight sarcoido-
sis patients. The patients’ mean age was 46 years (standard 
deviation, 16) with a range of 17–75. There were 86 (58%) 
women and 62 (42%) men. The patients’ mean ACE level 
was 68 U/L (standard deviation, 15) with a range of 3–259.

As shown in Table 1, patients were categorized based on 
chronicity, typical/atypical changes, and ACE level. ACE 
level was divided into two groups, with 50 U/L as the cut-
off point [19].

Among 127 patients with non-chronic disease, 82 (65%) 
had typical HRCT manifestations of sarcoidosis, whereas 
among 21 patients with chronic disease, only seven (33%) 
had typical HRCT presentations. This relationship between 
HRCT manifestation and disease chronicity was statistical-
ly significant (P=0.007).

The correlation between ACE level and chronicity and form 
of HRCT manifestation is shown in Table 2.

Discussion

In this study, we assessed the ACE levels and HRCT scans 
of 148 sarcoidosis patients. According to our results, there 
is a relationship between disease chronicity and HRCT 
patterns. The HRCT scans of chronic sarcoidosis patients 

tended to show more atypical sarcoidosis patterns. Also, 
there was a reverse correlation between chronicity and 
ACE level. Furthermore, no statistically significant differ-
ence existed between typical and atypical HRCT presenta-
tion based on a patient’s ACE level.

ACE is a serum marker that is increased in sarcoidosis. ACE 
is produced by epithelioid cells that are derived from recent-
ly-activated macrophages in granulomas; thus, ACE is an 
appropriate representative of whole-body granuloma [11].

KI-6 and sIL-2R are two other serum markers that are 
mainly increased in radiographic higher-stage sarcoidosis 
patients. Also, these markers are particularly indicative 
of disease progression and lymphocytic alveolitis changes 
[8,11,20,21].

Investigators have shown that there is no correlation 
between ACE level and sarcoidosis prognosis [22] and this 
marker demonstrates an overall granuloma amount in 
whole rather than lung involvement [23].

Other studies that analyzed ACE level increase in other 
granulomatous and non-granulomatous diseases reported 
the sensitivity and specificity of this marker in diagnos-
ing sarcoidosis to be between 40% and 100%, and 83% and 
99%, respectively [24,25] Moreover, no difference in ACE 
levels has been reported between sexes and between dif-
ferent ages [26,27]. Many studies have shown that patients 
with higher ACE levels suffer from a more severe sarcoido-
sis [13,24,28,29]. Silverstein et al. [30] showed that there 
was a reverse relationship between sarcoidosis chronicity 
and ACE level, which is what we found as well.

Studies have shown [28,31,32] that prednisolone therapy 
leads to a reduction in ACE levels; therefore, it is recommend-
ed that patients stop taking prednisolone 2–4 weeks prior 
to ACE level measurement. Since our study was conducted 
retrospectively, one limitation was that the last ACE level of 
some patients was measured during prednisolone therapy.

No. (%)

ACE

	 >50 	 86	 (58.1)

	 <50 	 62	 (41.9)

Chronicity

	 Chronic 	 21	 (14.2)

	 Non-chronic 	 127	 (85.8)

Presentation

	 Typical 	 89	 (60.1)

	 Atypical 	 59	 (39.9)

Table 1. �Patient categorization based on ACE level and HRCT 
presentation.

ACE level

>50 <50

Chronicity (No.)*

	 Chronic (21) 8 13

	 Non-chronic (127) 78 49

Form (No.)**

	 Typical (89) 56 33

	 Atypical (59) 30 29

* The correlation between ACE level and disease chronicity based on 
patients’ HRCTs is statically significant (p-value=0.045); ** There 
was no statically significant difference between typical-atypical 
HRCT presentations categorized based on patients’ ACE level 
(p-value=0.145).

Table 2. �ACE level correlation with disease chronicity and typical-
atypical pron HRCT.
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Conclusions

In this study, we demonstrated that chronicity of sarcoido-
sis according to patients’ HRCT presentations is inverse-
ly related to their ACE levels. This is considered another 
diagnostic clue in patients whose ACE levels and pathologic 
analyses are inconclusive.

	 1.	Hunninghake GW, Costabel U, Ando M et al: ATS/ERS/WASOG 
statement on sarcoidosis. American Thoracic Society/European 
Respiratory Society/World Association of Sarcoidosis and other 
Granulomatous Disorders. Sarcoidosis Vasc Diffuse. Lung Dis, 1999; 
16(2): 149–73

	 2.	Müller-Quernheim J: Sarcoidosis: Immunopathogenetic concepts and 
their clinical application. Eur Respir J, 1998; 12(3): 716–38

	 3.	Miller BH, Rosado-de-Christenson ML, McAdams HP et al: Thoracic 
sarcoidosis: Radiologic-pathologic correlation. Radiographics, 1995; 
15(2): 421–37

	 4.	Lynch JP, III, Kazerooni EA, Gay SE: Pulmonary sarcoidosis. Clin 
Chest Med, 1997; 18(4): 755–85

	 5.	Baughman RP, Teirstein AS, Judson MA et al: Clinical characteristics 
of patients in a case control study of sarcoidosis. Am J Respir Crit 
Care Med, 2001; 164(10 pt 1): 1885–89

	 6.	Siltzbach LE: Sarcoidosis: Clinical features and management. Med 
Clin North Am, 1967; 51(2): 483–502

	 7.	Statement on sarcoidosis. Joint Statement of the American Thoracic 
Society (ATS), the European Respiratory Society (ERS) and the World 
Association of Sarcoidosis and Other Granulomatous Disorders 
(WASOG) adopted by the ATS Board of Directors and by the ERS 
Executive Committee, February 1999. Am J Respir Crit Care Med, 
1999; 160(2): 736–55

	 8.	Müller NL, Miller RR: Ground-glass attenuation, nodules, alveolitis, 
and sarcoid granulomas. Radiology, 1993; 189(1): 31–32

	 9.	Baughman RP, Winget DB, Bowen EH, Lower EE: Predicting 
respiratory failure in sarcoidosis patients. Sarcoidosis Vasc Diffuse 
Lung Dis, 1997; 14(2): 154–58

	 10.	Griado E, Sanchez M: Pulmonary sarcoidosis: Typical and atypical 
manifestations at high resolution CT with pathologic correlation. 
Radiographics, 2010; 30: 1367–86

	 11.	Selroos OBN: Biochemical markers in sarcoidosis. Crit Rev Clin Lab 
Sci, 1986; 24(3): 185–216

	 12.	Rohrbach MS, DeRemee RA: Serum ACE activity in sarcoidosis as 
measured by a simple radiochemical assay. Am Rev Respir Dis, 1979; 
119: 761–67

	 13.	Studdy P, Bird R, James DG et al: Serum ACE in sarcoidosis and other 
granulomatous disorders. Lancet, 1978; 1441-54

	 14.	Lieberman J, Rea TH: Serum ACE in leprosy and coccidioidomycosis. 
Ann Int Med, 1977; 87: 422–25

	 15.	Janssen R, Sato H, Grutters JC et al: Study of Clara cell 16, KL-6, 
and surfactant protein-D in serum as disease markers in pulmonary 
sarcoidosis. Chest, 2003; 124(6): 2119–25

Acknowledgment

We thank John H. McCool, MA, of Houston, Texas, USA, for 
providing editorial assistance in the writing of this article.

References:

	 16.	Yotsumoto H, Imai Y, Kazuya N et aI: Increased levels of serum ACE 
activity in hyperthyroidism. Ann Int Med, 1982; 96: 326–28

	 17.	Nakamura Y, Takeda T, Ishii M et al: Elevation of serum ACE activity 
in patients with hyperthyroidism. J Clin Endocrinol Metab, 1982; 55: 
931–34

	 18.	Zorn SK, Stevens CA, Schachler AN et al: The ACE in pulmonary 
sarcoidosis and the relative diagnostic value of serum lysozyme. 
Lung, 1980; 137: 87–94

	 19.	Bunting PS, Szalai JP, Katic M: Diagnostic aspects of angiotansin 
converting enzyme in pulmonary sarcoidosis. Clin Biochem, 1987; 
20: 213–19

	 20.	Herráez Ortega I, Alonso Orcajo N, López González L: [The “sarcoid 
cluster sign”: A new sign in high resolution chest CT.] Radiologia, 
2009; 51(5): 495–99[in Spanish]

	 21.	Kobayashi J, Kitamura S: Serum KL-6 for the evaluation of active 
pneumonitis in pulmonary sarcoidosis. Chest, 1996; 109(5): 1276–82

	 22.	Ziegenhagen MW, Benner UK, Zissel G et al: Sarcoidosis: TNF-alpha 
release from alveolar macrophages and serum level of sIL-2R are 
prognostic markers. Am J Respir Crit Care Med, 1997; 156(5): 
1586–92

	 23.	Westall GP, Stirling RG, Cullinan P et al: Interstitial lung disease. 4th 
ed. Hamilton, London, England: BC Decker; 2003: 332–86

	 24.	Lieberman J: Elevation of serum angiotensin-converting-enzyme 
(ACE) level in sarcoidosis. Am J Med, 1975; 59: 365–72

	 25.	Klech H, Kohn H, Kummer F et al: Sensitivity and specificity of 
67-gallium scintigraphy: Serum ACE levels, chest roentgenography 
and blood lymphocyte subpopulations. Chest, 1982; 82: 732–38

	 26.	Romer F: ACE in sarcoidosis. Acta Med Scand, 1979; 206: 27–30
	 27.	Romer FK: More on sex- and age-related differences in activity of 

ACE in serum. Clin Chem, 1984; 30: 495 (letter)
	 28.	Lieberman J, Nosal A, Schlezzner LA et al: Serum ACE for diagnosis 

and therapeutic evaluation of sarcoidosis. Am Rev Respir Dis, 1979; 
120: 329–35

	 29.	Rohrbach MS, DeRemee RA: Serum ACE activity in sarcoidosis as 
measured by a simple radiochemical assay. Am Rev Respir Dis, 1979; 
119: 761–67

	 30.	Silverstein E, Friedland, J Lyons HA et al: Evaluation of ACE in 
granulomatous lymph nodes and serum in sarcoidosis: Clinical 
and possible pathogenic significance. Ann NY Acad Sci, 1976; 278: 
498–513

	 31.	Baughman RP, Ploysongsang Y, Roberts RD et al: Effects of sarcoid 
and steroids on ACE. Am Rev Respir Dis, 1983; 128: 631–33

	 32.	DeRemee RA, Rohrbach MS: Normal serum ACE activity in patients 
with newly diagnosed sarcoidosis. Chest, 1984; 85: 45–48 

© Pol J Radiol, 2016; 81: 458-461 Kahkoui S. et al. – Serum ACE level in sarcoidosis patients with typical…

461


