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Abstract
Purpose Early recognition of neoplastic pericarditis (npe) is
crucial for the planning of subsequent therapy. The aim of the
present study was to construct the scoring system assessing
the probability of npe, in the patients requiring pericardial
fluid (pf) drainage due to large pericardial effusion.
Methods One hundred forty-six patients, 74 males and 72 fe-
males, entered the study. Npe based on positive pf cytology and/
or pericardial biopsy specimen was recognised in 66 patients,
non-npe in 80. Original scoring system was constructed based
on parameters with the highest diagnostic value: mediastinal
lymphadenopathy on chest CT scan, increased concentration of
tumour markers (cytokeratin 19 fragments—Cyfra 21-1 and

carcinoembryonic antigen—CEA) in pf, bloody character of pf,
signs of imminent cardiac tamponade on echocardiography and
tachycardia exceeding 90 beats/min on ECG. Each parameter
was scored with positive or negative points depending on the
positive and negative predictive values (PPV, NPV).
Results The area under curve (AUC) for the scoring system
was 0.926 (95%CI 0.852–0.963) and it was higher than AUC
for Cyfra 21-1 0.789 (95%CI 0.684–0.893) or CEA 0.758
(95%CI 0.652–0.864). The score optimally discriminating be-
tween npe and non-npe was 0 points (sensitivity 0.84, speci-
ficity 0.91, PPV 0.9, NPV 0.85).
Conclusion Despite chest CT and tumour marker evaluation
in pericardial fluid were good discriminators between npe and
non-npe, the applied scoring system further improved the
predicting of neoplastic disease in the studied population.
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Introduction

Large pericardial effusion is defined, according to recent ESC
guidelines, as at least 2 cm of echo-free space on echocardi-
ography [1]. In 20–50% of patients, it is caused by neoplastic
pericardial involvement [2–4], and in 10–25%, it is the first
sign of neoplastic disease [1]. The most frequent primary sites
of malignancy are the lung, breast and lymphoma/leukaemia
[1, 3]. Adenocarcinoma is predominating histology in case of
solid tumours presenting with pericardial metastases [5].

Malignant pericardial involvement is combined with poor
prognosis, due to frequent development of cardiac tamponade
and frequent relapse after pericardiocentesis [1, 3, 5–7].
Nevertheless, the recent advances of intrapericardial treatment
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followed by appropriate systemic chemotherapy prolonged the
life expectancy of the patients with neoplastic pericardial disease
[8–12].

Thus, the early recognition of neoplastic pericarditis (npe)
is crucial for the planning of subsequent therapy. Our group
published previously the paper concerning the diagnostic val-
ue of various clinical, radiological and biochemical parame-
ters in the assessment of the probability of npe [13].

The aim of the present study was to construct the scoring
system that could be used for the assessment of npe probabil-
ity in the patients with large pericardial effusion, requiring
pericardial fluid drainage.

Methods

The retrospective analysis concerned 430 patients with peri-
cardial effusion, diagnosed and treated in the Department of
Chest Medicine of the National Tuberculosis and Lung
Diseases Research Institute in Warsaw, in the period of
1982–2008. One hundred ninety-one of them required peri-
cardial fluid drainage. Forty-five of those were excluded due
to lack of definite diagnosis of the cause of pericardial effu-
sion. Thus, the study population consisted of 146 patients: 74
males and 72 females, median age 57 (21–88) years.
Pericardiocentesis was performed in 57 patients, subxiphoid
pericardiotomy in 38, pericardioscopy in 51.

The criteria of the recognition of npe used in this study
were as follows:

1. Neoplastic cells found in pericardial fluid cytological ex-
amination and/or

2. Neoplastic infiltration present in the pericardial biopsy
specimen

The criteria of the recognition of non-neoplastic pericardi-
tis (non-npe) were as follows:

1. Negative pericardial fluid cytology
2. Negative pericardial fluid biopsy specimen
3. No neoplastic disease present at the time of hospitalisation

and during 1 year of subsequent follow-up.

Npe was recognised in 66 patients, non-npe in 80. The
specific causes of pericardial effusion were listed in Table 1.

The applied diagnostic procedures consisted of clinical ex-
amination, 12-lead ECG, transthoracic echocardiographic ex-
amination (Siemens Accusuin Sequoia), chest X-ray and chest
computed tomography (Somaton Sensation 16). Pericardial
fluid (pf) assays consisted ofmorphology, biochemical param-
eters, microbiological cultures and tumour marker concentra-
tion (carcinoembryonic antigen—CEA and cytokeratin 19

fragments—Cyfra 21-1, by immunoenzymatic assay,
Elecsys Roche).

Statistical analysis was performed in several steps:

1. The assessment of diagnostic accuracy of various param-
eters in predicting npe. For continuous parameters, the
receiver operator characteristic (ROC) curves were ap-
plied to find the optimal cut off values.

2. For each parameter:

& A table 2 × 2 was constructed to assess the sensitivity,
specificity, negative predictive value (NPV), positive pre-
dictive value (PPV) and likelihood ratios (LR) at the cut
off level. Only parameters with either sensitivity or spec-
ificity exceeding 0.60 were taken into account.

& R-Spearman’s coefficient was computed to assess the cor-
relation with neoplastic pericarditis.

3. The construction of the scoring system based on individ-
ual parameters, with ranks depending on the importance
of measured parameter determined with Spearman’s cor-
relation test, and the predictive values of the analysed
parameter.

4. The calculation of total score for every individual patient
in the study (by summing up the ranks for individual
parameters). In case of lack of information concerning
any procedure, the score of 0 points was introduced.

Table 1 Etiologies of large pericardial effusion in the studied group of
patients

Aetiology Number of
patients (%)

Neoplastic disease 66 (45)

Lung cancer 44 (66)

Pleural mesothelioma 4

Pericardial mesothelioma 4

Breast cancer 3

Other localisation: kidney, stomach, ovary, colon,
pancreas, uterus

6

Lymphoma 1

Non-neoplastic disease: 80 (55%)

Idiopathic 21

Tuberculous 21

Non-tuberculous mycobacteria 2

Bacterial 13

Viral 10

Collagen tissue disease 6

Dressler 5

Uremic 1

Hypothyroidism 1
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5. The comparison of the diagnostic utility of the applied
scoring system with the utility of single parameters
(ROC curves and areas under curve—AUC).

Results

The diagnostic values of chosen parameters and their ranking
of importance were presented in Table 2. The highest diagnos-
tic sensitivity was combined with the presence of enlarged
mediastinal lymph nodes, exceeding 10 mm in short diameter,
in chest CT (sensitivity 0.93, specificity 0.7). The determi-
nants with high diagnostic specificity but lower sensitivity
were pf Cyfra 21-1 concentration with a cut off value of
95 ng/ml (specificity 0.95, sensitivity 0.64) and pf CEA con-
centration with a cut off value 5 ng/ml (specificity 0.94, sen-
sitivity 0.65). Most sensitive determinants were HR on ECG
exceeding 90/min and bloody pericardial effusion (sensitivity
0.82 and 0.86, respectively).

The scoring system based on importance of selected pa-
rameters and their PPV and NPV values was presented in
Table 3. The Cyfra 21-1 pf values were divided into three
ranges: >95, 35.5–95 and <35.5 ng/ml. Pf Cyfra 21-
1>95 ng/ml and pf CEA >5 ng/ml were scored three points
due to their highest PPV. Lack of enlarged mediastinal lymph

nodes on chest CT was scored minus three points as it was
combined with the highest NPV.

The individual scores, obtained in every patient included in
the present study, were presented in Fig. 1. The optimal dis-
criminating cut off value between npe and non-npe was cal-
culated at 0 points: sensitivity 0.84, specificity 0.91, PPV
0.90, NPV 0.85. ROC curve revealed the high diagnostic util-
ity of the applied scoring system, AUC 0.919 (95%CI 0.869–
0.971) (Fig. 2). The AUC values for Cyfra 21-1 and CEAwere
lower than for scoring system: 0.789 (95%CI 0.684–0.893)
and 0.758 (95%CI 0.652–0.864), respectively (Fig. 2).

Discussion

Despite the progress concerning the recognition of neoplastic
pericardial involvement, the indications for invasive diagnos-
tics in pericardial disease are still under debate. The recent
ESC recommendations state that pericardiocentesis is indicat-
ed for patients with clinical suspicion of malignancy in case of
moderate to large pericardial effusion [1]. In such an occasion,
the pf drainage should be the subsequent procedure of choice
[1, 14]. In the remaining population of patients, the
pericardiocentesis should be preserved for those with signs
and symptoms of cardiac tamponade or with the suspicion of
bacterial infection [1]. Moreover, pericardiocentesis is the rec-
ommended procedure of first choice, pericardioscopy with

Table 2 Diagnostic value of the
selected parameters in the
recognition of neoplastic
pericardial effusion

Diagnostic
value

HR > 90/
min ECG

Tamponade
echocard.

CEA in
pf ng/ml
>5

Cyfra 21-1 in pf
ng/ml

Bloody
pericardial
effusion

Chest CT
lymphade
nopathy

>95 >35.5

Sens. 0.82 0.67 0.63 0.64 0.77 0.86 0.93

Spec. 0.55 0.65 0.94 0.95 0.76 0.57 0.70

PPV 0.60 0.61 0.91 0.93 0.77 0.66 0.66

NPV 0.79 0.70 0.71 0.71 0.76 0.80 0.94

LR(+) 1.81 1.90 9.91 13.36 3.25 1.99 3.13

LR(−) 0.39 0.51 0.39 0.38 0.30 0.34 0.10

Spearman’s
coef.

−0.373 −0.315 −0.595 −0.617 −0.535 −0.444 −0.617

Importance 4 5 3 1 1 6 2

Sens. sensitivity, spec. specificity, PPV positive predictive value, NPV negative predictive value, LR(+) positive
likelihood ratio, LR(−) negative likelihood ratio, HR heart ratio, CEA carcinoembryonic antigen, Cyfra 21-1
cytokeratin 19 fragments, pf pericardial fluid

Table 3 Scoring system
assessing the probability of
neoplastic pericarditis based on
the selected parameters

HR > 90
ECG

Tamponade
echocard

CEA in pf
ng/ml

Cyfra 21-1 in pf ng/ml Bloody
pf

Chest CT
lymphadenopathy

Y N Y N >5 <=5 >95 35.5–95 <35.5 Y N Y N

0 −2 0 −1 3 −1 3 2 −2 1 −2 1 −3

Y yes, N no, CEA carcinoembryonic antygen, Cyfra 21-1 cytokeratin 19 fragments, HR heart rate, pf pericardial
fluid
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biopsy is adviced only in the reference centres [1]. Thus, ac-
cording to experts opinion, the clinical management depends
largely on the cause of pericardial involvement. This is justi-
fied by the fact that some types of pathology, like pericarditis
in the course of thyroid disorders and immune or autoreactive
pericarditis, are rarely progressing to cardiac tamponade, even
in case of large amount of fluid [15]. In others, like neoplastic
or infective pericarditis, the development of cardiac
tamponade is very probable [15]. Thus, it is important in the
patient with large pericardial effusion to assess the probability
of npe.

Trying to address this issue, we aimed to construct the
scoring system that would assess the probability of neoplastic
disease in the patients with large pf, requiring drainage.

The system was based on six parameters: one measured on
ECG (HR > 90/min), one echocardiographic (large effusion
with the diastolic collapse of right ventricular or right atrial
free wall), one radiological (the increased size of mediastinal
lymph nodes in chest CT) and three parameters related to the

characteristics of pf—its bloody character and increased tu-
mour marker concentration (Cyfra 21-1 and CEA).

One of the best discriminators between npe and non-npe
was lymphadenopathy on chest CT. The presence of enlarged
mediastinal lymph nodes was 0.93 specific and 0.7 sensitive for
npe. This observation may be due to the fact that most pericar-
dial metastases develop via the mediastinal lymph nodes. The
high diagnostic value of lymphadenopathy in chest CT for the
recognition of npe was described also by Sun et al. [16].
Recently, Maggiolini et al. found that the workup including
chest CT provided a significantly higher diagnostic yield than
the workup based on chest X-ray [17]. Thus, in our opinion,
chest CT should be listed as the procedure of first choice in the
patient with large pe, independently on chest X-ray result, due
to the fact that it demonstrates the structures not well visualised
on chest X-ray, such as enlarged mediastinal lymph nodes, the
foci of ground glass attenuation suspicious of neoplasia and
also signs of aortic dissection. According to the recent ESC
guidelines, chest CT is advised as the procedure of second
choice, in case of suspected sequestration of pf, pericardial
thickening or chest X-ray radiological changes (IIa C) [1].

The other change in clinical practice, proposed by our
group, was the evaluation of tumour markers, pf Cyfra 21-1
and CEA, in every patient requiring pf drainage. ESC guide-
lines state that tumour markers evaluation in pf may be con-
sidered (IIa B), if npe is suspected. The choice of Cyfra 21-1
was based on its value in lung and breast cancer, which are the
most frequent types of primary tumours in the patients with
npe, and also in mesothelioma, which is a rare but difficult to
diagnose pericardial malignancy [18]. CEA is the marker of
choice for many adenocarcinomas [19]. The clinical value of
tumour marker assessment in pf was reported by our group
before [19], as well as by other investigators [20, 21].

The ongoing discussion in literature concerns the optimal
cut off values: for CEA, the reported pericardial or pleural
fluid cut offs were 5–8.5 ng/ml [19, 21, 22], for Cyfra 21-1
50–60 ng/ml [22, 23]. We proposed the three ranges of Cyfra
21-1 concentrations in pf, based on ROC curve analysis:
>95 ng/ml—high probability of npe, 35.5–95 ng/ml—medi-
um probability, <35.5 ng/ml—low probability of npe.

The AUC of CEA in the present study was 0.76, very
similar to that reported by Karatolios et al. [21]. The AUC
for Cyfra 21-1 in our study was 0.79.

Conclusion

Despite chest CT and tumour marker evaluation in pericardial
fluid were good discriminators between npe and non-npe, the
applied scoring system further improved the prediction of
neoplastic disease in the studied population. The algorithm
was better than any single parameter used in the diagnostic

Fig. 2 ROC curves of applied scoring system, comparing to pericardial
fluid CEA and Cyfra 21-1 concentration

Fig. 1 Individual scores obtained in the participants of the study,
depending on the aetiology of pericardial effusion
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process. The prospective value of the applied scoring system
is presently under evaluation.
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