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Abstract
This review article aims to: (1) discern from the literature 
the immune and inflammatory processes occurring in 
the pericardium following injury; and (2) to delve into 
the molecular mechanisms which may play a role in the 
progression to constrictive pericarditis. Pericarditis arises 
as a result of a wide spectrum of pathologies of both 
infectious and non-infectious aetiology, which lead to 
various degrees of fibrogenesis. Current understanding of 
the sequence of molecular events leading to pathological 
manifestations of constrictive pericarditis is poor. The 
identification of key mechanisms and pathways common 
to most fibrotic events in the pericardium can aid in the 
design and development of novel interventions for the 
prevention and management of constriction. We have 
identified through this review various cellular events 
and signalling cascades which are likely to contribute to 
the pathological fibrotic phenotype. An initial classical 
pattern of inflammation arises as a result of insult to the 
pericardium and can exacerbate into an exaggerated 
or prolonged inflammatory state. Whilst the implication 
of major drivers of inflammation and fibrosis such as 
tumour necrosis factor and transforming growth factor 
β were foreseeable, the identification of pericardial 
deregulation of other mediators (basic fibroblast growth 
factor, galectin-3 and the tetrapeptide Ac-SDKP) 
provides important avenues for further research.

Key words:  Inflammatory pericarditis; Autoimmune 
disease; Tuberculous pericarditis; Fibrosis mechanism; 
Constrictive pericarditis
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Core tip: Constrictive pericarditis arises as a complication 
of pericarditis from a wide range of aetiologies. A 
comprehensive understanding of the fibrotic process 
eventually leading to pathological symptoms is currently 
lacking.Through this review of the literature, we have 
identified various molecular mediators which are likely to 
play a role in the establishment of constriction and which 
warrant further studies. 
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INTRODUCTION
Pericarditis describes the clinical syndrome that occurs 
in response to injury of the pericardium. Following an 
episode of pericarditis, the natural history of the disease 
is variable and unpredictable. In a significant proportion 
of patients there is progression from acutely inflamed 
pericardium to chronic thickening, fibrosis, and fusion of 
the two pericardial layers with often dire consequences 
for patients. The molecular mechanisms involved in 
the inflammatory and immune mediated injury during 
pericarditis and the mechanisms involved in progression 
to constrictive pericarditis are poorly understood[1]. Such 
an understanding may be important to the design and 
development of interventions which are able to interrupt 
and prevent maladaptive and deleterious pericardial 
responses. 

We conducted a comprehensive review of the 
available literature to summarize what is currently 
known about (1) immune and inflammation-mediated 
pericardial injury in a range of different causes of 
pericarditis; and (2) the molecular mechanisms involved 
in both pericarditis and subsequent post inflammatory 
progression to fibrosis and constrictive pericarditis. 

SEARCH STRATEGY
The literature search was conducted in Pubmed, 
Embase, ScienceDirect and Google Scholar to identify 
journal articles for the review that had been published 
up to July 2017. In order to identify papers describing 
inflammatory and fibrotic processes occurring in the 
different types of pericarditis, the following search 
terms were used: “Pericarditis”and (“inflammation” or 
“fibrosis” or “constrictive” or “constriction”). The search 
was repeated for the common types of pericarditis 
described using the following search terms in the 
search criteria described above: “(uraemic or uremic)”, 
“tuberculous”, “malignant”, “radiation”, “autoimmune”, 
“viral”, “infectious”, “post surgery” and “myocardial 

infarction”[2]. Literature regarding different animal 
models of pericarditis was obtained using the search 
terms: “animal model” and “pericarditis”. Papers were 
then filtered according to their titles and content for 
the identification of relevant literature.

NORMAL PERICARDIUM
The pericardium is double layered flask-like sac which 
encloses the heart through its attachments to the great 
vessels, namely the vena cava, aorta, and pulmonary 
artery and vein. It is lined on the outside by the parietal 
pericardium, which is a fibrous layer of connective tissue 
rich in elastic fibres and collagenous fibres. This fibrosa 
is supplied by a network of blood and lymphatic vessels 
that contains macrophages and fibroblasts. The inner 
visceral pericardium is a single serous layer composed of 
flat, irregular, ciliated mesothelial cells resting on a thin 
basement membrane and separated from the fibrous layer 
by a thin sub-mesothelial space[3,4]. These two layers of 
the pericardium are 1-2 mm thick and give rise to a cavity 
which contains on average 15 to 35 mL of pericardial 
fluid, under normal physiological conditions[5]. Peri
cardial fluid is formed from ultrafiltration of plasma and 
comprises largely globular proteins, phospholipids and 
surfactant-like prostaglandins[6].

PATHOPHYSIOLOGICAL RESPONSE OF 
THE PERICARDIUM TO INJURY 
Pericarditis
The pathophysiological response of the pericardium 
to injury is characterized by intense inflammation 
with or without effusion, and the clinical syndrome of 
pericarditis. Pericarditis is a common disorder[7] that 
can result from both an infectious and non-infectious 
aetiology and presents clinically as pericarditis with 
and without effusion. Causes of pericarditis include 
viral, bacterial, fungal, uraemic, post-acute myocardial 
infarction, neoplastic, post-cardiac surgery, following 
mediastinal irradiation and as a consequence of systemic 
autoimmune diseases[2]. The major complications of 
pericarditis are cardiac tamponade with and without 
hemodynamic instability in the short term, constrictive 
pericarditis in the long term and death[5]. The latter 
is usually the consequence of chronic inflammation, 
thickening, adhesion, fibrosis and obliteration of the 
pericardial space.

CLINICAL MODELS OF POST 
INFLAMMATORY PERICARDITIS
Uraemic pericarditis
Uraemic pericarditis is a complication of acute and 
chronic renal failure, which can arise prior to, and on 
dialysis treatment. The condition was prevalent before 
the widespread use of dialysis and was commonly 
associated with a poor prognosis and high mortality. 
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Currently, with modern dialysis, it has a highly improved 
prognosis and survival rate[8]. The mechanism of the 
development of pericarditis in uraemic disease is poorly 
understood. Although pericarditis is more frequent in 
cases of severe uraemia, there is no correlation between 
blood urea and creatinine levels and the appearance of 
pericarditis[9]. Uraemic pericarditis is usually exudative 
with protein and large numbers of mononuclear cells in 
the pericardial fluid[10]. Serous or haemorrhagic effusions 
are common and typically evolve into a fibrinous state. 
This fibrotic state often manifests as a rough granular 
surface with irregular, scattered adhesions between 
parietal and visceral pericardium in a “bread and butter” 
pattern[8,11]. However, densely adherent pericarditis and 
gross pericardial thickening with organizing fibrinous 
pericarditis have been found at autopsy in cases of 
uraemic disease[12].

Radiation pericarditis
Radiation pericarditis occurs as a complication of 
radiation therapy of malignant mediastinal tissues and 
organs, most commonly breast cancer or mediastinal 
Hodgkin’s disease. Radiation pericarditis was a common 
adverse outcome when large areas of the heart were 
exposed to high doses of radiation therapy, but the 
advent of chemo- and immuno- therapy has decreased 
the incidence of the condition[13]. Both acute and late 
post radiation pericardial injuries have been described. 
Acutely, radiation toxicity can cause micro-vascular 
damage and episodic pericardial ischemia, which 
in turn leads to permeable neovascularization and 
fibrous deposition. Later, activated fibroblasts express 
increasing type Ⅰ collagen levels, with subsequent focal 
massive hyalinization, adhesions of the epicardium 
and thickening pericardium[14,15]. There is also evidence 
of impaired drainage of extracellular fluid from the 
pericardium, a chronic fibrinous exudative pericarditis 
and vascular and lymphatic fibrosis[16].

The degree of inflammation and thickening in ra
diation pericarditis corresponds to the X-ray exposure, 
with marked thickening observed more at the site of 
irradiation. This suggests a cellular injury and necrosis 
induced inflammatory response as a result of the 
acute radiation of actively proliferating cells, potentially 
mesothelial cells of the pericardium. On a molecular 
level, increased collagen synthesis and the pathological 
remodelling of the pericardium post radiation have 
been associated with the activation of various growth 
factors and cytokines including transforming growth 
factor β (TGF-β) and connective tissue growth factor 
(CTGF)[17].

Autoimmune disease pericarditis
Pericardial involvement can arise in various autoi
mmune diseases, most commonly systemic lupus 
erythematosus (SLE), rheumatoid arthritis (RA) and 
systemic sclerosis (SSc)[2].

SLE is a chronic inflammatory disease with a broad 
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range of clinical manifestations and a variable disease 
course. The exact aetiology of SLE is still unclear, but 
it is likely to be mediated by antibodies and immune 
complexes (IC) which typically contribute to the clinical 
manifestation of SLE. Immune complexes can result in 
complement activation and inflammation and they have 
been detected in the pericardial fluid in SLE[18]. While 
pericarditis is the most common cardiac manifestation 
of SLE, constrictive pericarditis is a rare occurrence[19]. 

RA is a chronic inflammatory disorder that primarily 
affects joints. Symptomatic pericarditis arises in less 
than 10% of patients with severe disease and is often 
associated with a poor prognosis[20]. The pericardial 
involvement is usually a diffuse pericardial effusion, 
sometimes associated with leukocyte infiltration and 
often positive for rheumatoid factor and immune com
plexes. Constrictive pericarditis is not common in RA 
and can arise despite second-line therapy. Thickened 
pericardia with collagenous fibrous tissue and organising 
fibrin, fibrinous exudate and leukocyte infiltration have 
been described[21]. Asymptomatic pericardial effusions 
occur in upto 30%-50% of patients with RA and 
represents the most common cardiac manifestation of 
the disease. 

Systemic sclerosis is a systemic autoimmune 
disease characterized by aberrant fibroblast activity 
resulting in dense fibrosis of visceral organs and skin. 
Pericardial manifestations include pericardial effusions, 
fibrous pericarditis, pericardial adhesions or constrictive 
pericarditis. Clinical manifestations of pericardial 
pathology are apparent in over 5%-16% of cases. The 
pathogenesis of pericardial effusions in SSc is believed 
to differ from the inflammatory pathway triggered by 
auto-antibodies and immune complexes of SLE and 
RA as evidenced by the “non-inflammatory” profile 
of the pericardial fluid. Instead, the release of basic 
fibroblast growth factor (bFGF) and histamine by 
mast cells may contribute to the pathophysiological 
manifestations[22,23].

The inflammatory basis of autoimmune pericarditis, 
centered around the role of the inflammasome, has 
recently been reviewed by Xu et al[24].

Post myocardial infarction pericarditis
Pericarditis is a common sequelae of transmural myo
cardial infarction (MI) and arises “early” as pericarditis 
epistenocardica or as a “delayed” presentation in the 
form of Dressler syndrome[25]. 

The acute form of pericarditis is often diagnosed 
1-4 d post MI[26] and is sometimes accompanied by 
a pericardial effusion. Vascular injury and myocardial 
necrosis have been associated with increased incidence 
of pericarditis, suggesting an inflammatory response 
to injury[27,28]. Fibrous deposits and adhesions often 
develop in the visceral and parietal pericardium covering 
the area of infarction but may also involve wider and 
more diffuse pericardial surfaces[29].

Dressler syndrome (DS) commonly arises around 
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by Ristić et al[37], whilst TGF-β levels were only elevated 
in serum. However, conflicting Interferon-γ (IFN-γ) 
deregulation has been reported by the two studies, 
with a strongly elevated levels described by Pankuweit 
et al[38], whilst no differences were reported by Ristić et 
al[37]. This is probably due to the small sample size used 
in the latter study. Further, Karatolios et al[39] measured 
increased pericardial and serum levels of vascular 
endothelial growth factor (VEGF) in viral pericarditis as 
well as decreased bFGF levels in the pericardial fluid. 
Elevated serum cardiac troponin Ⅰ (cTnⅠ) levels have 
been observed in viral pericarditis and have been asso
ciated with ST-segment elevation, and pericardial 
effusion. Whilst, this increase is often more pronounced 
with increased myocardial inflammation, it did not affect 
the prognosis and the development of tamponade and 
fibrosis[40]. 

Tuberculous pericarditis 
Tuberculous (TB) pericarditis accounts for roughly 4% 
of cases of acute pericarditis in the developed world. 
However, in developing countries with a high prevalence 
of tuberculosis, around 70% of cases of large peri
cardial effusion are attributable to TB[41,42]. Further, 
HIV co-infection has not only increased the number of 
TB pericarditis cases, but has also changed its clinical 
manifestations and therapeutic considerations[43].

The spread of Mycobacterium tuberculosis (MTb) 
to the pericardium occurs either through retrograde 
lymphatic spread or through haematogenous spread 
from primary sites of infection[36,44]. The inflammatory 
process in TB pericarditis follows a sequence of patho
logical events. An early fibrinous exudate is formed 
with leucocytosis, and early granuloma formation as a 
response to the high mycobacterial abundance, followed 
by a sero-sanguineous effusion with a predominantly 
lymphocytic exudate. The effusion gradually recedes 
whilst the granulomatous architecture is organised 
to restrict mycobacterial spread. Fibrin, collagen and 
extracellular matrix (ECM) deposition lead to pericardial 
thickening and fibrosis[36]. 

Infection of the pericardium with the bacilli elicits an 
immune response, stimulating lymphocytes to release 
cytokines which activate macrophages and influence 
granuloma formation. This initial reaction presents 
pathologically with polymorphonuclear leucocytosis 
and granuloma formation[45]. Marked elevations of 
IL-10 and IFN-γ accompanied by low levels of bioactive 
TGF-β levels in tuberculous pericardial fluid suggest a 
Th-1 mediated delayed type hypersensitivity response 
to the pathogen[46]. Similarly, Reuter et al[47] measured 
significantly increased IFN-γ levels in the pericardial 
fluid and observed large numbers of mesothelial cells in 
tuberculous pericardial aspirates.

A role for complement fixing antimyolemmal an
tibodies has also been suggested in the development 
of exudative tuberculous pericarditis through cardiocyte 
cytolysis[48]. More recently, it was shown that the 
tetrapeptide N-acetyl-seryl-aspartyl-lysyl-proline (Ac-

two weeks post MI. It is an uncommon presentation 
since the advent of early reperfusion therapy with 
thrombolytic therapy and primary percutaneous 
intervention, and with the widespread use of heparin. 
DS is presumably a recurrent immune-inflammatory 
syndrome arising from the release of auto-myocardial 
antigens from necrosis of myocardial tissues. The 
formation of immune complexes are believed to trigger 
a hypersensitivity reaction from molecular mimicry and 
cross-reactions[25,30]. Indeed, the presence of increased 
anti-myocardial antibodies following myocardial injury 
has been previously suggested and supports a possible 
autoimmune pathogenesis[31]. 

Post cardiac surgery pericarditis
Pericarditis can present as a midterm or late com
plication of cardiac surgery. Post surgery pericarditis 
often bears restrictive haemodynamic characteristics 
despite an open pericardium and can occur as early as 2 
wk following surgery[32]. Adhesions and fibrous patches 
in the pericardium lead to constrictive pericarditis and 
cause symptoms of dyspnoea, and signs of congestive 
cardiac failure. Whilst the exact mechanism for the 
development of pericardial fibrosis following surgery is 
obscure, the presence of blood in the pericardial cavity 
may play a role, with failure to drain bloody effusions 
being a risk factor for the development of fibrosis. Blood 
in the pericardium may result in irritation of the serosal 
layer and inflammation[33]. However, pericardial fibrosis 
in the absence of bloody effusions after surgery has also 
been documented[34].

Post infectious pericarditis 
A range of infectious organisms can affect the pericar
dium, but the most common causes are viruses (coxsakie 
viruses, influenza virus and enteric cytopathogenic 
human orphan virus, among others) and bacteria 
(Staphylococcus and Streptococcus, Haemophilus, and 
M. tuberculosis). 

Bacterial (purulent) pericarditis which is a life 
threatening condition is characterised by gross pus in the 
pericardium or microscopically purulent effusion[35]. It is 
an uncommon occurrence in the developed world, due 
to widespread antibiotic usage. However, tuberculous 
pericarditis is a leading cause of pericarditis in Sub 
Saharan Africa and is discussed separately below[36].

Viral pericarditis, on the other hand, is a common 
manifestation and is often self-limiting, in that only a 
small number of patients develop fibrous complications. 
Viral antigens lead to an inflammatory response 
of lymphocytic predominance which often results 
in effusions. Cytotoxic and T and/or B cell-driven 
immune-mediated mechanisms of inflammation have 
been described in different types of viral infections[1]. 
Increased levels of IL-6 and IL-8 have also been 
described in both serum and pericardial fluid in viral 
pericarditis, with a marked local increase in the 
pericardial cavity[37,38]. An increase in pericardial TNF-α 
levels has also been measured in the pericardial fluid 
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Coxsackie B viruses are known to cause perimyo
carditis, an acute inflammation of the pericardium and 
the underlying myocardium[57]. In Coxsackie B3 induced 
perimyocarditis in mice, an early onset of myocardial 
injury and necrosis has been observed, followed by 
marked pericardial fibrosis[58]. In this particular study, 
the sub-epicardial myocardial tissues appeared to 
mostly contribute to the fibrotic process, with infiltration 
by macrophages, lymphocytes and polymorphonu
clear leukocytes observed in the myocardial layer. 
However, in Coxsackie B4 pericarditis in mice, fibrotic 
lesions occurred independently of, or in conjunction 
with adjacent myocardial lesions. Similar patterns of 
inflammation were observed in the mesothelial cells with 
necrosis, cellular infiltration, inflammatory cell infiltration 
and fibrinous exudate. The inflammatory processes are 
likely to be as a result of infection of mesothelial cells by 
the virus, since viral antigens have been detected in 
the mesothelial cells[59]. Interleukin-33 (IL-33) induced 
eosinophilic pericarditis has also been implicated in 
Coxsackie B infection[60].

IFN-γ and TGF-β knockout (KO) mice bear gross 
histological and haemodynamic characteristics of 
pericarditis. Pericarditis in the IFN-γ mice presented as 
a thick and stiff pericardium which formed adhesions 
to surrounding structures. Mesothelial hyperplasia in 
the pericardium was accompanied by a morphological 
change to a cuboidal shape. In addition to the predo
minant mononuclear cell infiltration, the pericardial 
inflammatory infiltrate of the IFN-γ KO mice had marked 
eosinophilia. Similarly, cardiac myocytes bordering areas 
of inflammation in the TGF-β KO mice presented with 
eosinophilic inclusions and contained large nucleoli[61,62].

THE FIBROTIC PROCESS AND 

CONSTRICTIVE PERICARDITIS
Constrictive pericarditis 
Constrictive pericarditis is a clinical syndrome, chara
cterised by a thickened and non-compliant pericardium, 
which restricts cardiac filling[63]. The most apparent 
pathological features of constrictive pericarditis are 
inflammation and fibrotic thickening of the thin and 
elastic parietal and visceral pericardial linings. The 
pericardium commonly bears areas of inflammation of 
the serosa, scarring, and fibro-calcification[63]. 

Constrictive pericarditis may result from severe acute 
inflammation or recurrent less severe inflammatory 
events over a highly variable time course from the 
period of injury[64]. While the predictors of progression 
to constriction following acute pericarditis are poorly 
understood the incidence of constrictive pericarditis 
is significantly dependent on the aetiology of the 
pericarditis. Whilst idiopathic and viral pericarditis have 
a low incidence of constrictive complications (0.8/1000 
person-years), tuberculous (31.7/1000 person-years) 
and purulent pericarditis (52.74/1000 person-years) 
are associated with the highest rates of progression to 

SDKP) and galectin-3 could be detected in tuberculous 
pericardial fluid. The reduction in Ac-SDKP levels in TB 
pericardial effusion has been suggested to contribute 
to the development of fibrosis associated with TB 
pericarditis[49].

Elevated pericardial adenosine deaminase (ADA) 
activity and lysozyme levels have also been associated 
with TB pericarditis, and are of significant value in the 
diagnosis of TB pericarditis[47]. High ADA levels are 
also prognostic for the development of constrictive 
pericarditis[50].

Malignant pericarditis 
Both primary (mesotheliomas, sarcomas, fibromas) 
and secondary (carcinoma, lymphoma, and carcinoid) 
neoplasms can be accompanied by pericardial infla
mmation. However, neoplastic pericarditis arises mostly 
from secondary disorders as a result of tumour spread 
and metastasis through lymphatic and haematogenous 
spread[51]. Effusions are common in neoplastic pericarditis 
and can be bloody. Malignant cells can also be present 
in the pericardium but almost 50% of symptomatic 
pericarditis cases have negative cytological results for 
malignant cells[52]. However, malignancies are commonly 
widespread when pericardial symptoms become 
apparent and malignant invasion of the heart and the 
deposition of fibrous tissue often lead to constriction[53]. 
Sub-acute inflammation with lymphocytic accumulation 
and mesothelial hyperplasia has been described in 
primary pericardial mesothelioma[54].

Ristić et al[37] measured elevated serum and peri
cardial levels of IL-6 and TGF-β in malignant pericarditis 
as compared to bypass surgery controls. TNF-α and 
IFN-γ levels were however not affected. A study by 
Pankuweit et al[38], found that IFN-γ levels in effusions 
were found to be slightly lower than in the serum. In 
accordance with Ristić et al[38] IL-6 and IL-8 levels were 
markedly increased in pericardial fluid as compared to the 
serum, suggesting a local initiation of the inflammatory 
response. Cardiac embryonic antigen is useful in the 
diagnosis of malignant pericarditis and levels above 5 
ng/mL are found in the majority of cases[55].

ANIMAL MODELS OF PERICARDITIS
Several animal models of pericarditis have been descri
bed whereby the onset of inflammation was triggered 
by diverse mechanisms. A severe inflammatory reaction 
has been described in the pericardium of sheep injected 
with a bacterial toxin and Freund’s adjuvant. A cellular 
mesothelial response was observed with changes to 
the morphology and disturbance to the architecture, 
followed by detachment from neighbouring cells and 
desquamation. An accompanying increase in vascular 
permeability resulted in the accumulation of large 
numbers of inflammatory cells and the exudation of 
fibrin. An increased collagen turnover was apparent after 
6 d and the appearance of adhesions occurred as early 
as 2 wk post injection[56].
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effusive constrictive pericarditis (associated with a high 
incidence of pericarditis), demonstrate a mixed picture 
of both pro-inflammatory IFN-γ, and anti inflammatory 
cytokines IL-8, and IL-10[72], but their exact roles are 
as yet unclear. 

Patterns of inflammation and fibrosis in the peri
cardium suggest that both myocardial and pericardial 
cells play a role in the pathogenesis of pericarditis and 
constriction. A change in mesothelial cell morphology 
has been consistently described in various forms of 
pericarditis. Further, a loss of the mesothelial cell 
architecture, as well as mesothelial desquamation 
often accompanies constrictive pericarditis (Figure 1). 
The transition from a “flat” to a “cuboidal” shape has 
been associated with an “activation” of mesothelial 
cells and a distinct enzymatic profile of the cells with 
functions being geared towards oxidative stress and 
inflammatory responses[73,74]. Activated mesothelial 
cells secrete chemokines and adhesion molecules to aid 
in the recruitment and migration of leukocytes across 
the mesothelium. They are also known to mediate the 
inflammatory process and produce ECM components[75]. 
Further, mesothelial cells can undergo phenotypic 
changes similar to epithelial-to-mesenchymal transition 
to adopt fibroblast-like morphology and function in 
the healing serosa[4,76]. The active regulation of both 
pro- and anti-inflammatory mediators by mesothelial 
cells suggests a key role for the cells in maintaining 
pericardial homeostasis and also in the pathogenesis of 
pericardial fibrosis. Pericardial interstitial cells (PICs) 
have also been implicated in the production of ECM 
and calcification in the pericardium[77].

PICs have a comparable immune-phenotype to 

pericardial constriction[7].

Molecular mechanisms of fibrosis
Although the molecular processes leading to fibroge
nesis are likely to be unique for different pathologies, 
some key mechanisms and pathways are common to 
most fibrotic events[65]. The fibrotic cascade of events 
is triggered upon insult to epithelial or endothelial cells 
which results in the activation of the coagulation cascade. 
The initial inflammatory response is characterised by 
the release of various pro-inflammatory cytokines, 
including tumour necrosis factor-α, TNF-α[66,67]. TNF-α is 
a pleiotropic cytokine with a central role in the activation 
and recruitment of immune cells and the regulation 
of pro-inflammatory cytokine production[68]. Activated 
leukocytes then proceed to release pro-fibrotic cyto
kines such as IL-13 and TGF-β which drive EMT and 
ECM component production. TGF-β, is a key mediator 
of the fibrotic response and it acts via canonical (Smad-
dependent) and non-canonical (non-Smad-based) 
signalling pathways to coordinate an ECM accumulation 
through increased synthesis as well as a decreased 
degradation of ECM components[69-71].

Molecular mechanisms of pericardial fibrosis
Molecular mechanisms of pericardial constriction remain 
to be fully elucidated but are likely to follow a classical 
pattern of pericardial inflammation mediated by various 
cytokines (Table 1), including TNF-α, followed by 
abnormal healing with an exaggerated TGF-β mediated 
profibrotic response leading to pericardial fibrosis. 
Both experimental mice models of acute pericarditis 
and pericardial fluid from patients with tuberculous 

Table 1  Summary of Inflammatory and fibrotic cytokines and growth factors (detected in pericardial fluid) likely to modulate the 
pathophysiological processes leading to chronic fibrosis in the pericardium

TGF-β: Growth factor β; CTGF: Connective tissue growth factor; TNF-α: Tumor necrosis factor-α; IFN-γ: Interferon-γ; VEGF: Vascular endothelial growth 
factor; bFGF: Basic fibroblast growth factor; ECM: Extracellular matrix.

Inflammatory/ fibrotic mediator Major roles in Inflammation and fibrosis References

TGF-β Anti-inflammatory mediator [17,37,46,61] 
ECM deposition and remodelling

CTGF Myofibroblast activation [17] 
ECM deposition and remodelling

TNF-α Inducer and regulator of inflammation [37,38] 
Macrophage and Natual Killer cell recruitment

IL-6 Late role in inflammatory cascade [37,38] 
Adaptive Immune system activation

IL-8 Later role in inflammatory cascade
Neutrophil cell recruitment

[37,38] 

IL-10 Inflammatory mediator [46]
IFN-γ Immune response modulation

Macrophage and Natual Killer cell activation
Anti-fibrotic

[37-39,46,62] 

VEGF Angiogenesis and fibrosis promotion
Fibrosis resolution

[39]

bFGF ECM deposition [23,39] 
Ac-SDKP Major role in the inhibition of fibrosis [49]
Galectin-3 Myofibroblast activation

ECM deposition
[49]
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infection, and is believed to arise from an overflow of 
ACE production by the macrophages and phagocytes 
in the granulomatous lesions into the circulation. Thus 
increased ACE levels, resulting in increased enzymatic 
cleavage of Ac-SDKP and a subsequent dampening in 
its anti-fibrotic potential, could potentially contribute to 
the pathogenesis of constriction. 

Finally, an increase in CTGF was associated with ECM 
deposition and pericardial remodelling[17]. This is not 
surprising as CTGF expression is known to be induced 
by TGF-β in cardiac fibroblasts and cardiac myocytes, 
whereby it contributes to the expression of fibronectin, 
collagen type Ⅰ and plasminogen activator inhibitor-1[84]. 
Interestingly a decrease in VEGF was observed in 
viral pericarditis which rarely results in a constrictive 
pericarditis. Whilst VEGF mediated angiogenesis is 
known to be important for the promotion of fibrosis, 
it also plays a role in fibrosis resolution[85]. Indeed, 
an angio-fibrotic switch of VEGF and CTGF has been 
described in proliferative diabetic retinopathy, whereby 
the VEGF to CTGF ratio closely dictates the progression 
to fibrosi[86,87]. CTGF has also been shown to bind to 
VEGF and to inhibit its angiogenic functions[88]. Hence, 
it is possible that such CTGF-VEGF interplay is also 
involved in the progression to fibrosis in the pericardium. 
This would further explain the high VEGF levels coinciding 
with low levels of bFGF in viral pericardial fluid.

CONCLUSION
In this review, we have highlighted that the pericardium 
is subjected to noxious injury from a wide spectrum 
of infections and non infections causes and that the 
pathogenesis of pericarditis in each instance may differ 
in significant ways. Importantly the progression from 

mesenchymal stem cells. PICs cultured from fibro
calcific human samples could be differentiated into 
myofibroblasts and osteoblasts which are central to the 
development of fibrosis and the production of extra-
osseous calcification. TGF-β and bone morphogenetic 
protein 2 (BMP-2) were associated with the trans-
differentiation process. TGF-β increased PIC mRNA 
expression of collagens Ⅰ and Ⅲ whilst decreasing the 
matrix metalloprotease-2 and -9 mRNA levels which 
are important for elastin degradation, thus regulating 
the fibrotic process by modulating fibrosis related gene 
expression[77].

TGF-β is a master regulator of extracellular matrix 
component expression and the development of fibrosis. 
Increased pericardial fluid and serum levels of TGF-β 
have been described in various forms of pericarditis and 
have been associated with increased collagen synthesis. 
It is thus safe to say that TGF-β might play a key role 
in the development of fibrosis in the pericardium. 
Interestingly, Ristic et al[37] did not detect any increase 
in TGF-β levels in viral pericardial fluid and this could 
account for the low proportion of constrictive pericarditis 
arising in this group.

Ac-SDKP, which is known to decrease TGF-β sig
nalling by decreasing TGF-β transcription and the 
phosphorylation of Smad2 and Smad3 and their 
translocation to the nucleus[78-81], may play a role in 
the pathway to pericardial fibrosis. Patients with TB 
pericarditis, have been found to have diminished Ac-
SDKP levels compared to particpants without pericarditis 
undergoing cardiac sugery[49]. Lowered Ac-SDKP levels 
could arise from an increase in angiotensin converting 
enzyme (ACE) activity, which is known to degrade Ac-
SDKP[82,83]. An increase in ACE serum levels has been 
reported in granulomatous conditions including Mtb 

Figure 1  Molecular mediators involved in the inflammatory and fibrotic processes arising in constrictive pericarditis. Ac-SDKP: N-acetyl-seryl-aspartyl-lysyl-      
proline; TGF-β: Growth factor β; TNF-α: Tumor necrosis factor-α; CTGF: Connective tissue growth factor; IFN-γ: Interferon-γ; VEGF: Vascular endothelial growth 
factor. 
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pericarditis, to the development of pericardial fibrosis 
varies significantly by etiology. A classical pattern of 
inflammation in the pericardium mediated by various 
cytokines is likely to occur as a result of most types of 
insult. However, the unfolding of events leading to the 
development of fibrosis post-inflammation is harder 
to accurately predict. Nevertheless, this review has 
allowed us to postulate various cellular events and 
signalling cascades which are likely to contribute, albeit 
to different extents in varying types of pericarditis, to 
the pathological fibrotic phenotype. Whilst the role 
of common players such as TGF-β and TNF-α in the 
inflammatory process can be quite easily predicted, their 
complex range of functions makes them unattractive 
targets in the management and treatment of constrictive 
pericarditis. However, the identification of other pro-and 
anti-fibrotic mediators such as Galectin-3, Ac-SDKP 
and bFGF, with a narrower range of functions could 
represent new avenues for the treatment of pericarditis. 
Research aimed at developing a better understanding 
of molecular mechanisms involved in the progression of 
pericarditis to fibrosis may be able to (1) identify high 
risk patients for progression to constrictive pericarditis 
through novel markers of fibrosis; and (2) identify 
novel targets for therapy to interrupt the progression 
to fibrosis and prevent the development of constrictive 
pericarditis.
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