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Abstract: Tuberculous pericarditis (TBP) is the most important manifestation of tuberculous heart disease 
and is still associated with a significant morbidity and mortality in TB endemic areas. The high prevalence 
of the disorder over the last 3 decades has been fueled by the human immunodeficiency virus/AIDS (HIV/
AIDS) pandemic in these areas. The objective of this review is to provide a focused update on developments 
in the diagnosis and therapy of this condition, prevention of its complications, as well as future novel 
therapies. The definitive diagnosis of a tuberculous etiology in patients with suspected TBP continues to pose 
a challenge for clinicians. Clinical prediction scores, although never formally validated have been used with 
some success. However, they may be prone to both over and underdiagnosis due to lack of pericardial fluid 
analysis. Recent studies evaluating Xpert MTB/RIF, suggest that this advanced polymerase chain reaction 
(PCR) based technology does not provide increased accuracy compared to earlier iterations. However 
a combined two test approach starting with Xpert MTB/RIF followed by either adenosine deaminase 
(ADA) or interferon gamma (IFN-γ) may provide for significantly enhanced specificity and sensitivity cost 
permitting. Pericardiocentesis remains the gold standard for managing the compressive pericardial fluid 
and its adverse hemodynamic sequelae. A four drug anti-TB drug regimen at standard doses and duration 
is recommended. However recent evidence suggests that these drugs penetrate the pericardium very poorly 
potentially explaining the high mortality observed particularly in those who are culture positive with a high 
bacillary load. Constrictive pericarditis is the main long-term complication of TBP and is still a significant 
cause of heart failure in Sub-Saharan Africa. This is important because access to definitive surgical therapy 
where TBP is prevalent continues to be low, highlighting the need to develop strategies or interventions to 
prevent fibrosis and constriction. Recent detailed advanced studies of pericardial fluid in TBP have revealed 
a strong profibrotic transcriptomic profile, with high amounts of pro-inflammatory cytokines and low levels 
of the anti-fibrotic tetrapeptide N-Acetyl-Seryl-Aspartyl-Lysyl-Proline (Ac-SDKP). These new insights may 
explain in part the high propensity to fibrosis associated with the condition and offer hope for the future 
use of targeted therapy to interrupt pathways and mediators of tissue damage and subsequent maladaptive 
healing and fibrosis. The value of effective pericardiocentesis in reducing these pro-inflammatory and pro-
fibrotic cytokines and peptides in an attempt to prevent pericardial constriction has yet to be established but 
has generated hypotheses for ongoing and future research. 
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Introduction

Fuelled by the high prevalence of tuberculosis (TB) and 
human immunodeficiency virus/AIDS (HIV/AIDS), 
tuberculous heart disease remains a significant clinical 
problem in TB endemic areas (1). The most common and 
important manifestation of TB heart disease is tuberculous 
pericarditis (TBP) which continues to be associated with 
significant morbidity and mortality (2). Mortality rates 
for TBP as high as 40% have been described among 
anti-retroviral therapy (ART) naïve persons living with 
HIV/AIDS (3) and it remains an important treatable 
cause of heart failure in the same regions of the world. 
Since the first description of the clinical manifestations, 
complications and outcomes of the clinical entity in the 
20th century early diagnosis and effective management of 
both the mycobacterium and the pericardial complications 
were recognized as essential (4-6). It has been close to a 
decade since the last comprehensive reviews of the optimal 
diagnosis and management of tuberculous pericarditis and 
its complications (2,5,7). Aside from increasing the access 
availability and use of ART in those patients with HIV, these 
reviews identified a number of important focused areas 
which would need to be better investigated if the morbidity 
and mortality of the condition was to be significantly 
reduced. These include: (I) the need to improve the rapidity 
and accuracy of the diagnosis of a tuberculous etiology; (II) 
the need to better understand the pharmacokinetics and 
pharmacodynamics of anti-tb drug therapy as it relates to 
the effectiveness of the drugs within the pericardium in 
patients with TB pericarditis; and (III) the need to develop 
strategies to reduce long-term complications of the disorder. 
Since those reviews the past decade has seen the publication 
of a significant amount of new data particularly from Sub-
Saharan Africa (1,8-16) designed to address some of these 
areas. In this focused update on the diagnosis and therapy 
of TBP we will review all important developments in these 
areas, and discuss novel interventions under exploration or 
with potential for future use. 

What’s new in the diagnosis of a tuberculous 
etiology in TBP?

The definitive diagnosis of a tuberculous etiology 
of pericarditis has been a challenge since the earliest 
descriptions of the disorder. Prior to the HIV-era TBP 
was understood to be a paucibacillary condition in which 
the characteristic exudative inflammatory effusion and 

its consequences resulted from the robust immune 
response to previously dormant tuberculoproteins within 
the pericardium (2). The traditionally tried and tested 
methods of diagnosing TB elsewhere in the body, such 
as fluid and tissue microscopy, and culture have a very 
poor yield (9), and biopsy of the pericardium looking for 
granulomas is considered invasive, risky and therefore 
infrequently performed (7). As illustrated in the prospective 
Investigation of the Management of PericarditIs (IMPI) in 
Africa registry (17) the practical impact of these diagnostic 
limitations in clinical practice is that a high proportion of 
patients with effusive pericarditis in TB endemic areas may 
be treated empirically with little attempt to establish any 
evidence of TB (17). The decade since 2006 has seen utility 
and the role of clinical prediction scores (4) biochemistry 
(18,19), and biomarker (20) based approaches, nucleic acid 
amplification based techniques such as polymerase chain 
reaction (PCR) (8,9) and immunology based approaches, all 
being investigated in order to find a rapid accurate and cost 
effective diagnostic approach to establishing a tuberculous 
etiology. 

Clinical prediction scores

Reuter et al. identified several variables associated with TB 
to determine the most widely used clinical prediction score. 
It assigns weighted points to symptoms of TB: weight loss—
1 point, night sweats—1 point and fever—2 points. Normal 
white cell count and serum globulins which are known 
to increase significantly in the setting of TB were each 
assigned 3 points (4). In the derivation study performed to 
establish the clinical prediction rule, an aggregate score of 
greater than 6 was found to have a sensitivity of 86% and 
specificity of 85% (4). While this TBP diagnostic index 
has never been validated formally in a prospective study, 
it was used successfully as an inclusion criteria for patients 
enrolled in the large Pan African IMPI randomized control 
trial of immunotherapy for TBP (14). A major limitation 
of the score is that because it requires no pericardial fluid 
analyses, it is particularly prone to mis-diagnosing patients 
with bacterial co-infection, malignancies and other illness 
characterized by constitutional symptoms (7). 

Biochemical and biomarker based approaches

Adenosine deaminase (ADA) is  an enzyme whose 
activity correlates closely with activation of subsets of 
T-lymphocytes involved in the immune responses to  
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TB (21). Since 1995 there have been close to three dozen 
studies which have tested the utility of ADA in the diagnosis 
of TBP. A recent meta-analysis of 11 studies with close 
to 800 participants has been published (18), the authors 
reported a pooled sensitivity of 0.90, specificity of 0.85 and 
negative likelihood of 15%. They concluded that while 
the test was sufficiently accurate, given the heterogeneity 
and design of many of the studies the results of the ADA in 
individual patients needed to be interpreted in the context 
of the patients history and other investigations and not as a 
stand-alone test. Importantly the performance and accuracy 
of the test is not diminished in the setting of HIV and 
AIDS.

Interferon gamma (IFN-γ) is a cytokine that is produced 
by T-cells in response to TB antigens, and plays a pivotal 
role in the protective immune response to active TB. 
High levels of measured IFN-γ are therefore indicative 
of the presence of active TB. Of the multiple studies 
to determine the accuracy and potential role of IFN-γ 
in the diagnosis of TBP, four of them with close to 500 
patients were conducted in high TB prevalence areas with 
a prospective design and were included in a meta-analysis. 
The authors concluded that the diagnostic accuracy of the 
tests were extremely high with sensitivities and specificities 
approximating 98 and 99 respectively (20). To date the 
test has been limited in clinical practice by the lack of 
availability of an easily accessible inexpensive commercial 
assay. 

Nucleic acid amplification based techniques

The potential and promise of nucleic acid amplification 
techniques in the diagnosis of TBP following their almost 
spectacular success in the diagnosis of pulmonary and 
other forms of TB has not been realized to date. The early 
limitations of high false negative results and overly poor 
sensitivity have never been overcome (22). The accuracy 
of Xpert MTB/RIF, the new World Health Organization 
(WHO) endorsed, PCR rapid test which is widely used to 
simultaneously detect Mycobaterium tuberculosis (MTB) and 
Rifampicin sensitivity in sputum (23) has recently been 
compared to both ADA and IFN-γ in effusive pericarditis. 
The sensitivity of Xpert MTB/RIF was found to be an 
unacceptable 53–70%. In the study, IFN-γ assays were 
found to be the optimal first line diagnostic tool for TBP 
(10,24). The authors suggested that a combined two 
test approach starting with Xpert MTB/Rif followed by 
either ADA or IFN-γ provided maximal sensitivity and 

specificity of >97% (10). However the practicality and cost 
effectiveness of such a strategy in resource limited settings 
where TBP is most prevalent would be a major limitation. 
Whether or not the newer Xpert MTB/RIF Ultra assay 
developed to improve accuracy in extrapulmonary and 
paucibacillary disease will perform better in TBP is 
unknown but the improved design features and operational 
aspects of the new improved test are promising (25).

Imaging

Chest radiograph, electrocardiogram and echocardiography 
are the essential first line imaging tools for diagnosis 
and evaluation of TBP (1). Echocardiography remains 
the primary tool used for confirming the presence of a 
pericardial effusion and determining its size and amenability 
to pericardiocentesis (26). The use of multimodal imaging 
in pericardial disease such as computed tomography 
(CT), cardiac magnetic resonance imaging (MRI) and 
flurodeoxyglucose-positron emission tomography (FDG-
PET) is now supported by recent guidelines (26,27). 
Cardiac MRI is able to better delineate the distribution and 
amount of pericardial fluid compared to echocardiography 
(28,29) which supports more accurate evaluation for 
pericardiocentesis. Cardiac MRI may also help establish 
pericardial thickening, with thickening greater than  
6 mm considered highly specific for constrictive pericarditis 
(29,30). The use of FDG-PET imaging in pericardial 
disease is established and its ability in differentiating 
tuberculous pericarditis from idiopathic pericarditis 
demonstrated in a small study (31). Patients with active 
tuberculosis pericarditis showed more multifocal FDG 
uptake compared to regional uptake in those with acute 
idiopathic pericarditis (31). However, in resource limited 
settings where TBP remains most prevalent specialized 
imaging such as cardiac MRI and FDG-PET is often 
unavailable or requires long waiting periods which makes 
their functional utility difficult. 

What’s new in the treatment of TBP and 
prevention of its complications

Anti-tuberculosis therapy

The treatment of TBP targets three distinct but related 
goals: kill and or control the mycobacterial infection 
itself; prevent and or reduce the risk of the short-term 
cardiovascular effects of the inflamed pericardium; and 
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prevent the long-term cardiac sequelae of maladaptive 
healing of the pericardium, such as fibrotic constriction. 
Standard four drug anti-TB drug regimens, used for 
pulmonary TB are recommended by global bodies such 
WHO for the treatment of TBP in patients with and 
without HIV (32). However, to date there have never been 
studies of the comparative effectiveness of different anti-
TB regimens with regards to dose or duration of therapy 
for the treatment of TBP. In a paucibacillary condition in 
which the death and damage to the host is mainly immune 
mediated and not related to bacillary load, it is possible that 
the consequences of suboptimal anti-TB drug regimens 
may not be clinically significant. However there is growing 
evidence that in the HIV era patients with TBP are more 
likely to have disseminated disease (12), with culture 
positive pericardial disease and that the high incidence 
of short- and long-term adverse outcomes is closely 
associated with initial bacillary load (33). This is particularly 
important because of recent data showing that there is poor 
penetration of anti-TB drugs into the pericardium (34). 
In a small sub-study designed to investigate anti-TB drug 
concentrations within the pericardium and compare them to 
the minimum inhibitory concentrations (MICs) of clinical 
MTB isolates, the authors reported that detectable drug 
levels were several-fold lower than the isolate MICs (34). 
Specifically, the non-protein bound levels of Rifampicin, 
Pyrazinamide and Ethambutol measured serially over the 
first 24 hours after receiving oral anti-TB therapy were 
low. In light of this information, the anti-mycobacterial 
effectiveness of these current drug regimens in TBP needs 
close re-evaluation and there may be a strong case to 
assess the impact and safety of higher doses on pericardial 
penetration, ability to reduce bacillary load and clinical 
outcomes in clinical trials.

Management of compressive pericardial fluid

There has been little information on new strategies 
t o  o p t i m i z e  t h e  n e e d  f o r  p r o m p t  r e l i e f  o f  t h e 
compressive pericardial fluid that are the norm in TBP. 
Recommendations for evacuation of the pericardium in 
virtually all patients with moderate and large effusions have 
remained unchanged over the last decade (26,35). Compared 
to the less than 25% of participants who underwent routine 
pericardiocentesis in the first Pan African IMPI registry (17), 
this proportion was over 60% in the 1,400 patient IMPI 
trial conducted 5 years later suggesting that guidelines and 
recommendations on this issue are filtering into clinical 

practice (14). Constrictive pericarditis is the main long-
term complication of TBP occurring in up to 25% of 
patients following the diagnosis of the effusive phase of the  
disease (2). The incidence of constrictive pericarditis is 
significantly higher (31.65 per 1,000 cases) than it is for 
almost all other causes of pericarditis except purulent 
pericarditis (36). This is important because post-tuberculous 
constrictive pericarditis is a significant and relatively 
common cause of heart failure in many regions of sub-
Saharan Africa (37) where access to and the availability 
of the definitive surgical therapy is low (2). Furthermore, 
where the operation is available it is associated with 
significant perioperative risk of both morbidity and 
mortality (15). 

Prevention of constrictive pericarditis

Over the last decade much effort has been spent exploring 
and understanding the pathways and mechanisms for the 
high rates of post TB constrictive pericarditis (38). Work in 
this area is important for the potential discovery of targets 
for early interventions to prevent fibrosis and maladaptive 
remodelling and healing of the pericardium post TBP. 
Using a transcriptomic approach with paired wise analysis 
of the activated genetic response within the pericardium, 
a strongly profibrotic genetic profile was identified in the 
pericardial fluid of participants with TBP (39). The authors 
reported a transcriptomic gene expression signature of  
17 genes that were associated with either regulators 
of fibrosis or actual fibrosis in both HIV infected and 
uninfected hosts. Further work to identify the downstream 
protein products of that gene expression would be 
important. The same group of investigators used ELISA 
to perform paired wise analysis of the cytokine profile 
of participants with TBP undergoing pericardiocentesis. 
Investigators found the serum of patients with the condition 
to have elevated transforming growth factor (TGF) beta 
and interleukin 10 (IL-10) compared to matched controls 
with no disease. These, cytokines are well established role 
players in the pathways of fibrosis throughout the body (40). 
Interestingly there was little TGF-beta in the pericardium 
which was dominated by pro-inflammatory cytokines. Of 
equal intrigue was the finding in a separate study that the 
pericardial fluid of participants with TBP had lower levels 
of the anti-fibrotic housekeeping tetrapeptide N-Acetyl-
Seryl-Aspartyl-Lysyl-Proline (Ac-SDKP) compared to 
controls without TB (41). These findings are particularly 
interesting as AcSDKP is metabolized and broken down 
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by angiotensin converting enzyme (ACE) suggesting a 
potential role for ACE-inhibitors in TBP as an intervention 
to keep peptide levels and anti-fibrotic activity high in 
order to reduce the likelihood of pericardial fibrosis (16,41). 
Finally, the observation that in recent studies of TBP in 
which pericardiocentesis rates achieved were well over 
60%, the rates of constrictive pericarditis were considerably 
lower (24,40,42) than historical cases series and studies 
in which pericardiocentesis was only performed mainly 
for tamponade (17,43), may itself be a hypothesis worth 
testing formally. Namely that effective pericardiocentesis 
by removing pro-inflammatory and profibrotic cytokines 
and peptides from the pericardium may be an effective 
means of reducing pericardial fibrosis and subsequent 
pericardial constriction. To date a small number of trials 
and proof of concept studies of interventions to reduce 
or prevent the rate of constrictive pericarditis (11,14,38) 
have been recently completed or are still active. The IMPI 
trial was a multicenter, factorial-design trial that randomly 
assigned 1,400 patients with pericarditis to receive a course 
of high-dose prednisolone tapered over a course of 6 weeks 
compared to placebo. In the trial, although the primary 
endpoint was not met, both HIV infected and uninfected 
participants randomized to receive prednisolone had a 
significantly lower incidence of constrictive pericarditis (14).  
Elsewhere, based on the observation that colchicine can 
prevent recurrences of acute idiopathic pericarditis (44) a 
group of South African investigators tested the hypothesis, 
that a 6-week course of the agent would reduce rates of 
constrictive pericarditis compared to a placebo controlled 
group. No evidence of benefit was demonstrated in 
the small underpowered study (45). Finally, a study to 
investigate the hypothesis that thrombolysis, by breaking 
up fibrin strands within the pericardium and facilitating 
a more complete evacuation of the pericardium may 
reduce rates of progression to constrictive pericarditis 
is underway with the pilot phase being conducted in 
South Africa (https://clinicaltrials.gov/ct2/show/results/
NCT02673879). 

Conclusions

TBP remains a prevalent and lethal condition in Sub-
Saharan African and other TB endemic areas of the world 
particularly where HIV/AIDS prevalence is high. Over the 
last decade there has been a considerable amount of work 
to enhance our understanding and advance our knowledge 
of this condition. In this review we have provided a focused 

summary on advances made using modern methods of 
rapidly and accurately establishing a tuberculous etiology. 
Although not widely available yet, IFN-γ is the single most 
accurate test while ADA testing, used and interpreted in 
context, remains readily accessible in most laboratories and 
clinically useful. The promise of Xpert and other nucleic 
acid amplification based technologies has not been fulfilled 
to date. Emerging information that anti-TB drugs penetrate 
the pericardium poorly needs to be explored further 
and may offer an area to specifically focus on in order to 
improve the early high mortality rates associated with the 
condition. Finally progress in our understanding of the 
mechanisms and pathways of fibrosis within the pericardium 
may offer hope for the development of more targeted anti 
fibrotic therapy in the near future. 
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