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ABSTRACT

Background: It might be challenging to determine the etiology of pericardial effusions as studies
have usually focused on pericardial effusions in patients suspected to have specific underlying clinical
conditions. We aimed to evaluate adenosine deaminase (ADA) levels in pericardial fluid samples
of patients with large pericardial effusions in whom pericardial window surgeries with biopsy and

pathological examinations were carried out.

Materials and Methods: Pericardial fluid ADA levels of 149 consecutive patients having large pericardial
effusions were evaluated. Pericardial effusion was detected by transthoracic echocardiography, ADA
levels were measured from the fluid taken during pericardial windowing procedure, and pathological

examination of the tissue samples were performed.

Results: The median age of selected patients participating in the study was 5843 + 1447 years. All the
pericardial fluid samples were found to be exudative and 116 (77.9 %) of the cases had also concomitant
pleural effusions. The median ADA level of the cases was calculated to be 19.57 U/L (9.47-38.70), well
below the cut-off value (40 U/L). The mean ADA levels value was 9.21 U/L (7.70-9.91) in the nonspecific
inflammations group and 38.35 U/L (23.92-48.67) in the lung malignancy group (p < 0.001). In the
subgroup analysis of lung cancers, ADA levels in pericardial effusions of patients with adenocarcinoma

were found to be statistically significantly higher than patients with squamous cell cancer. (p = 0.007).

Conclusion: ADA levels in pericardial effusion were found to be significantly higher in lung cancer,
especially in cases of lung adenocarcinoma. High levels of ADA may be used as a significative

biochemical marker in the diagnosis of lung cancer.
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Introduction

The pericardial cavity normally contains 10 to 50 mL of
serous plasma ultrafiltrate. Accumulation of transudative
or exudative fluid of more than least >50 mL is consid-
ered abnormal and may lead to significant hemodynamic
effects which results in cardiac compression and impaired
cardiac filling [1]. While some known underlying diseas-
es like acute myocardial infarction, cardiac surgery, end-
stage renal disease, or widespread metastatic neoplasm
are the common causes for pericardial effusions, some-
times no obvious cause is apparent. [2,3].

Plasma adenosine deaminase (ADA) level is known
to increase to a certain level in several disease states as-
sociated with lymphocytic pericardial effusions includ-
ing neoplasms and some acute viral infections, the most
widely known increase is observed in tuberculosis [4].

Routine measurements on pericardial fluid should
include white blood cell count and differential cellular
analysis, hematocrit, and glucose and protein content.
Pericardial fluid should be routinely stained and cul-
tured for bacteria, including Mycobacterium tuberculo-
sis and fungi. If there is any suspicion of tuberculous
pericarditis, testing for adenosine deaminase and/or
polymerase chain reaction should be a routine proce-
dure since waiting for pericardial fluid culture results
can markedly delay the diagnosis [3].

Our study aimed to compare the cytological results
and pericardial ADA levels of differently diagnosed
patient groups, undergoing pericardial fenestration be-
cause of consecutive large pericardial effusions that are
clinically indicated in a third-level hospital.

Materials and Methods

This study is a retrospective observational study. It
was carried out in the chest diseases department of a
tertiary teaching and research hospital following the ap-
proval of the local ethics committee (No: 2019-36).

149 patients, 60 of whom were women, having large
pericardial effusions detected by transthoracic echocar-
diography, despite empirical treatment, were included
in the study. Informed consent forms were obtained
from all patients before the intervention. Afterward, a
video thoracoscopic pericardial window surgery was
performed for diagnosis and treatment. After video tho-
racoscopic visualization, the pericardium was incised
over the phrenic nerve, and pericardial fluid was aspi-
rated with an aspirator. 20 mL of the liquid was taken
to evaluate ADA activity. The pericardium was incised,
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the area was enlarged and an average of 4x4 cm peri-
cardium was resected with ultrasonic scissors and sepa-
rated as a pathological sample. During the procedure,
pericardial fluid was sampled and adenosine deaminase
(ADA), albumin and lactate dehydrogenase (LDH) lev-
els were measured. The demographic characteristics of
the patients are demonstrated in table 1.

Transthoracic echocardiography

2-D transthoracic echocardiography (TTE) is the imaging
modality of choice for the evaluation of pericardial effu-
sion as well as tamponade physiology. TTE should also
be used to guide pericardiocentesis. Pericardial effusions
appear as an echolucent space between the parietal and
visceral pericardium. Pericardial effusions are graded as
small (echo-free space in diastole <10 mm), moderate (10—
20 mm space), and large (more than 20 mm space) [5].

Exudative-transudative effusions

Useful criteria in favor of exudative pericardial effu-
sions include a pericardial fluid to serum protein ratio
greater than or equal to 0.5 and/or pericardial fluid to se-
rum LDH ratio greater than or equal to 0.6 and/or peri-
cardial fluid lactate dehydrogenase value greater than or
equal to 200 U/L [6].

ADA analyses

The Giusti technique for measuring ADA activity
through calorimetry was uniformly used in all the se-
lected studies. ADA was determined in the same sam-
ples following Giusti’s method [7] by simultaneously
taking blood and pericardial fluid samples, centrifuging
them for 3 h, and freezing the remainder at —20°C. For
each patient ADA levels (U/L) were determined in the
pericardial fluid (the cut-off value for increased ADA
level was 40 U/L) [8].

Statistical Analysis

SPSS 26 (IBM Corp, 2019, IBM SPSS Statistics for
Windows, Version 26.0. Armonk, NY) was used to pro-
cess the data obtained in the study. The conformity of
the data to the normal distribution was evaluated with
histograms, Q-Q plots, and the Shapiro-Wilk test. Con-
tinuous data conforming to the normal distribution is
expressed as the mean and standard deviation, non-con-
forming data is expressed as the median and percentiles
of 25% - 75%, and nominal variables are expressed as
frequency and percentage. An intergroup comparison T-
test or Mann-Whitney U test was performed according
to the normal distribution The Chi-square and, where
necessary, Fisher's Exact tests were used to compare
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nominal variables. The statistical significance level was
accepted as p < 0.05 for all calculations.

Results

The median age of patients participating in the study
was 58.43 + 1447 years (Table 1). All the pericardial
fluid samples were found to be exudative and 116 (77.9
%) of the cases had also concomitant pleural effusions.

Pathological diagnoses were as follows: 60 non-
specific inflammations, 59 lung cancer metastasis, 14
pericarditis, 7 granulomatous inflammations, 4 breast
cancer metastasis, 3 renal cell cancer metastasis and 2
mesotheliomas (Table 2). The median ADA levels of
the cases was calculated to be 19.57 U/L (9.47 - 38.70),
well below the cut-off value (40 U/L) (Table 3).

As the number of patients was low in the pathologi-
cal diagnosis subtitles except lung cancer metastasis and
nonspecific inflammation group, a statistical study was
performed between these two groups (Table 4). The mean
ADA level was 9.21 U/L (7.70 - 9.91) in the nonspecific
inflammations group and 38.35 U/L (23.92 - 48.67) in
the lung malignancy group (p < 0.001). In the subgroup
analysis of lung cancers, ADA levels in pericardial ef-
fusions of patients with adenocarcinoma were found to
be statistically significantly higher than in patients with
squamous cell cancer. (p = 0.007) (Table 5).

Table 1. Demographic characteristics of the patients
with pericardial effusion.

(n=149) N(%) Mean+SD Median (%25-75)
Age 58.43+14.47

Female 60(40.3)

Male 89(59.7)

Table 2. Pathological diagnoses of the patients with
pericardial effusion

Nonspecific inflammations 60(40.3)
Lung malignancy 59(39.6)
Pericarditis 14(9.4)
Granulomatosis inflammations 7(4.7)
Brest cancer 42.7)
Renal cell cancer 3(2)
Mesothelioma 2(1.3)

Table 3. Laboratory results of the patients with peri-
cardial effusion.

ADA 19.57 (9.47-38.70)
Total Protein 4.84 (4.11-5.44)
Albumin 2.913+0.657

LDH 532 (305-740)
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Discussion

Pericardial effusion is a common cardiovascular dis-
ease that occurs due to benign or malignant causes [9].
Pericardial effusion with a transudate nature is mainly
caused by systemic diseases such as cardiac, kidney
and liver disease, or endocrine disorders such as hypo-
thyroidism. Pericardial effusions of an exudate nature
are usually because of malignancy or tuberculosis [9].
Treatment strategies for pericardial effusion depend on
etiology and prognosis. Therefore, the diagnosis should

be made quickly and accurately.

Survival in patients with malignant pericardial effu-
sion is usually less than 12 months, and hemodynamic
instability and death due to pericardial tamponade de-
velop in 1/3 of malignant patients [10].

The clinical manifestations of patients with malign
pericardial effusion are not specific, and it can be quite
difficult to distinguish malignant pericardial effusion
from benign pericardial effusion. Though exfoliative
cytology and diagnostic pericardial biopsy of pericar-
dial effusion are of decisive importance in the diagnosis
of malignant pericardial effusion, the sensitivity of these
methods is relatively low [10]. The accuracy of cytolog-
ical fluid analysis is 67-92% and negative reporting of
cytology does not exclude malignancy [10-12].

Because of pericardial fluid sampling is a difficult
procedure, there are limited resources and studies on
this tissue [10]. In this context, proof can be obtained
by using biochemical biomarkers that can give results

faster than the pathological examination [13-15].

Imazio et al reported that pericardial effusions are found
to be idiopathic in many cases in developed countries
whereas tuberculosis is the leading cause of pericardial ef-

fusions in developing countries where it is endemic [16].

Porte et al studied 114 patients with a recent or remote
history of cancer and pericardial effusion of unknown
origin for which drainage was required for diagnostic or
therapeutic purposes [17]. The malignant pericardial dis-
ease was found in 44 (38%) patients, while 70 (61%) pa-
tients had non-malignant pericardial effusions (idiopathic
in 33 patients, radiation-induced in 20 patients, infectious
effusion in 10 patients, and hemopericardium as a result
of coagulation disorders in 8 patients) [17].
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(n=119) Inflammation

n (%) 60 (50.4)

Malignancy OR p
n (%) 59 (49.6) (%95 GA)

Sex (female) n (%) 25(41.7) 22(37.3) - 0.625

Total Protein 5.14(4.17-5.53) 4.61(3.99-5.09) - 0.01

Pleural effusion n (%) 43(71.7) 50(84.7) - 0.084

(n=59) Adenocarcinoma OR P

n (%) 32 (54.2) (%95 GA)

Squamous cell ca
n (%) 27 (45.8)

Sex (Female). n (%) 7(25.9) 15 (46.9) 0.097

ADA 29.97

(20.18-44.49)

44.63 -
(35.98-50.83)

0.007

Albumin
LDH

2.64+0.65
646 (392-782)

2.76+0.64 =
567 (235-709)

0476
0.267

* The p value was found by Fisher's exact test.

The study by Sagrista- Sauleda et al [3], included 322
patients, 132 with moderate and 190 with severe pericar-
dial effusion. In this series, the most common diagnosis
was acute idiopathic pericarditis which accounted for
20% of patients. The next most prevalent diagnoses were
iatrogenic effusion (16%), neoplastic effusion (13%), and
chronic idiopathic pericardial effusion (9%) [3]. Lui et al,
in their study including 110 cases, showed that there was
no significant difference in ADA levels as 37.63 +31.98,
38.21 + 94.45 of patients having a diagnosis of tubercu-
losis and malignant pericardial effusion.

Malignant pericardial effusion is the most common
presentation of tumoral infiltration of the pericardium
and may sometimes be the first symptom of a malignant
disease which is detected in approximately 40-50% of
patients with severe pericardial effusion [18,19].

ADA is an enzyme required for the conversion of
adenosine to inosine. ADA can be found in all tissues,
but the largest concentration is in the lymphoid tissue,
mainly in T-lymphocytes [20].

As in line with the literature, in our study, the mean
pericardial fluid ADA levels were not found to be in-

creased in patients having large pericardial effusions
caused by malignancy and non-specific inflammation.
Aggeli et al reported that ADA levels were found to
be high in the group consisting of 2 lung and 2 breast
cancer patients. In the same literature, ADA levels were
found to be low in 10 cases with pericardial effusion
due to idiopathic causes [21].

Increased ADA levels due to malignant effusions have
been reported in clinical studies [2,22]. When the cause
of ADA increase in malignant pleural etiologies was
evaluated, it was shown that it was associated with the
increase in cytokines related to inflammation (due to in-
creased levels of interleukin 8) and permeability (vascu-
lar endothelial growth factor, transforming growth factor
B) [22]. In these studies, the cause of malignant pleural
effusions was lung cancer but the pathological subtype
was not determined. In our study, we found that the ADA
levels in pericardial effusions caused by lung cancer is
significantly higher in the adenocarcinoma subtype.

In conclusion, ADA levels in pericardial effusion
were found to be significantly higher in lung cancer,
especially in cases of lung adenocarcinoma. High lev-
els of ADA may be used as a significative biochemical
marker in the diagnosis of lung cancer.

146



Current Thoracic Surgery-Volume 8 Number 3 p: 143-147

Declaration of conflicting interests

The authors declared no conflicts of interest with re-
spect to the authorship and/or publication of this article.

Funding

The authors received no financial support for the re-
search and/or authorship of this article.

Ethics approval

The study was approved by the Local Ethics Commit-
tee of University of Health Sciences, Istanbul Mehmet
Akif Ersoy Thoracic and Cardiovascular Surgery Train-
ing and Research Hospital. The committee’s reference
number is a (2019/36).

Authors' contributions

AU; conceptualized and drafted the article, wrote the
paper MA IK; drafted the article, collected and ana-
lyzed data, HI; collected data.

References

1. Adler Y, Charron P, Imazio M, Badano L, Barén-Esquivias G,
Bogaert J et al. ESC Scientific Document Group. 2015 ESC
Guidelines for the diagnosis and management of pericardial
diseases: The Task Force for the Diagnosis and Management
of Pericardial Diseases of the European Society of Cardiology
(ESC) Endorsed by: The European Association for Cardio-
Thoracic Surgery (EACTS). Eur Heart J 2015; 7; 36: 2921-64.

2. DadasE, Sabuncu T, Ozkan B, Toker A, Di'lege S. Perikardiyal
Efiizyonlarda Klinik, Radyolojik ve Patolojik Ozellikler, Cer-
rahi Yaklagimlar. Turkiye Klinikleri Arch Lung 2014; 15: 54-8.

3. Sagrista-Sauleda J, Mercé AS, Soler-Soler J. Diagnosis and man-
agement of pericardial effusion. World J Cardiol 2011; 3: 135-43.

4. Lee YC, Rogers JT, Rodriguez RM, Miller KD, Light RW. Ad-
enosine deaminase levels in nontuberculous lymphocytic pleu-
ral effusions. Chest 2001; 120: 356-61.

5. Azarbal A, LeWinter MM. Pericardial Effusion. Cardiol Clin
2017; 35: 515-24.

6. Light RW, Macgregor MI, Luchsinger PC, Ball WC. Pleural ef-
fusions: the diagnostic separation of transudates and exudates.
Ann Intern Med 1972; 77: 507-13.

7. Giusti, G. Adenosine Deaminase. In Bergmeyer, HU, Ed.,
Methods of Enzymatic Analysis, 2nd Edition, Academic
Press, New York, 1974, 1092-99. Scientific Research Pub-
lishing [Internet]. https://www.scirp.org/%28S%281zSmqp
453edsnpS55rrgjct55%29%?29/reference/referencespapers.
aspx Treferenceid=1431495.

8. Tuon FF, Litvoc MN, Lopes MIBF. Adenosine deaminase and
tuberculous pericarditis-a systematic review with meta-analy-
sis. Acta Trop 2006; 99: 674.

9. LiulJ, Zeng Y, Ma W, Chen S, Zheng Y, Ye S et al. Prelimi-
nary Investigation of the Clinical Value of Vascular Endothelial

147

Growth Factor and Hypoxia-Inducible Factor-1a in Pericardial
Fluid in Diagnosing Malignant and Tuberculous Pericardial Ef-
fusion. Cardiology 2010; 116: 37-41.

10. Jin X, Hu L, Fang M, Zheng Q, Yuan Y, Lu G et al. Develop-
ment and validation a simple scoring system to identify malig-
nant pericardial effusion. Front Oncol 2022; 12: 1012664.

11. Meyers DG, Meyers RE, Prendergast TW. The usefulness of
diagnostic tests on pericardial fluid. Chest 1997; 111: 1213-21.

12. Wiener HG, Kristensen IB, Haubek A, Kristensen B, Baandrup
U. The diagnostic value of pericardial cytology. An analysis of
95 cases. Acta Cytol 1991; 35: 149-53.

13. Hamed EA, El-Noweihi AM, Mohamed AZ, Mahmoud A. Vaso-
active mediators (VEGF and TNF-alpha) in patients with malig-
nant and tuberculous pleural effusions. Respirology 2004; 9: 81-6.

14. Sack U, Hoffmann M, Zhao XJ, Chan KS, Hui DSC, Gosse H
et al. Vascular endothelial growth factor in pleural effusions of
different origin. Eur Respir J 2005; 25: 600-4.

15. Bayram N, Karakan Y, Uyar M, Ozyurt B, Filiz A. Vascular
endothelial growth factor in pleural effusions and correlation
with radiologic and biochemical parameters. Niger J Clin Pract
2018; 21: 59-62.

16. Imazio M, Mayosi BM, Brucato A, Markel G, Trinchero R,
Spodick DH et al. Triage and management of pericardial effu-
sion. J Cardiovasc Med (Hagerstown) 2010; 11: 928-35.

17. Porte HL, Janecki-Delebecq TJ, Finzi L, Métois DG, Millaire
A, Wurtz AJ. Pericardoscopy for primary management of peri-
cardial effusion in cancer patients. Eur J Cardiothorac Surg
1999 16: 287-91.

18. Bertog SC, Thambidorai SK, Parakh K, Schoenhagen P, Oz-
duran V, Houghtaling PL et al. Constrictive pericarditis: eti-
ology and cause-specific survival after pericardiectomy. J] Am
Coll Cardiol 2004; 43: 1445-52.

19. Burazor I, Imazio M, Markel G, Adler Y. Malignant pericardial
effusion. Cardiology. 2013; 124: 224-32.

20. Blake J, Berman P. The use of adenosine deaminase assays in
the diagnosis of tuberculosis. S Afr Med J 1982; 62: 19-21.

21. Aggeli C, Pitsavos C, Brili S, Hasapis D, Frogoudaki A, Stefa-
nadis C et al. Relevance of adenosine deaminase and lysozyme
measurements in the diagnosis of tuberculous pericarditis. Car-
diology 2000; 94: 81-5.

22. Saraya T, Ohkuma K, Watanabe T, Mikura S, Kobayashi F,
Aso J et al. Diagnostic Value of Vascular Endothelial Growth
Factor, Transforming Growth Factor-f3, Interleukin-8, and the
Ratio of Lactate Dehydrogenase to Adenosine Deaminase in
Pleural Effusion. Lung 2018; 196: 249-54.

This article is an open access article distributed under
the terms and conditions of the Creative Commons At-
tribution (CC BY) license (http://creativecommons.org/
licenses/by/4.0/).



