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Abstract

Purpose of Review This review provides an update on the immunopathogenesis of tuberculous pericarditis (TBP), investigations
to confirm tuberculous etiology, the limitations of anti-tuberculous therapy (ATT), and recent efficacy trials.

Recent Findings A profibrotic immune response characterizes TBP, with low levels of AcSDKP, high levels of y-interferon and
IL-10 in the pericardium, and high levels of TGF-f3 and IL-10 in the blood. These findings may have implications for future
therapeutic targets. Despite advances in nucleic acid amplification approaches, these tests remain disappointing for TBP. Trials of
corticosteroids and colchicine have had mixed results, with no impact on mortality, evidence of a reduction in rates of constrictive
pericarditis and potential harm in those with advanced HIV. Small studies suggest that ATT penetrates the pericardium poorly.
Given that there is a close association between high bacillary burden and mortality, a rethink about the optimal drug doses and
duration may be required.

Summary The high mortality and morbidity from TBP despite use of anti-tuberculous drugs call for researches targeting host-
directed immunological determinants of treatment outcome. There is also a need for the identification of steps in clinical
management where interventions are needed to improve outcomes.

Keywords Tuberculous pericarditis - Mycobacterium tuberculosis

Case Vignette

A 33-year-old woman, HIV positive with a CD4 count of
21 cells/uL, presented with weight loss, night sweats, and
shortness of breath. At presentation, recorded examination
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findings were temperature of 35.5 °C, peripheral oxygen sat-
uration 100%, respiratory rate 22/min, heart rate 112 beats/
min, blood pressure 106/62 mmHg with a pulsus paradoxus
of 16 mmHg, and distant heart sounds. Her admission elec-
trocardiogram (ECG), chest radiograph (CXR), and point of
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care echocardiogram (parasternal long axis, four chamber, and
subcostal views) are presented.

Her echocardiogram showed a swinging heart surrounded
by a large pericardial effusion with strands and right ventric-
ular collapse (see Supplementary Figures 1-4). Doppler stud-
ies across the mitral valve inflow revealed significant inspira-
tory E wave variation. There was [VC plethora with less than
50% collapse in inspiration, and the diagnosis of TBP with
cardiac tamponade was made.

She proceeded to undergo pericardiocentesis with 1100 mL
of bloodstained fluid removed from her pericardium. She was
commenced on anti-TB treatment (ATT), and 2 weeks later,
on anti-retroviral therapy (ART). At the 6-month follow-up
visit, the patient had completed ATT, CD4 count was
252 cells/uL, and she was completely asymptomatic. The
echocardiogram at this visit revealed a thickened pericardium
but no evidence of re-accumulation or constriction.

Introduction and Background

Although there has been some encouraging progress in the
field of tuberculosis, such as the promising recent outcome
of a phase 2b placebo-controlled trial of the M72/AS01¢ TB
vaccine [1¢], a great deal remains to be done. The statement is
particularly true for tuberculous pericarditis (TBP), where lack
of understanding of this severe form of extra-pulmonary tu-
berculosis (EPTB) has hampered discovery and translation of
cost-effective, rapid diagnostic tests and host-directed thera-
pies able to prevent its debilitating complications and associ-
ated mortality. The presence of HIV contributes considerably
to the complexity of the disease process—both at the immu-
nological and clinical levels.

Epidemiology

TB causes more deaths than any other infectious disease glob-
ally with the WHO estimating that there were 1.3 million TB
deaths in HIV-uninfected individuals and 300,000 HIV-TB
co-infected deaths in 2017 alone. This may be an underesti-
mate of HIV co-infected TB deaths, as post-mortem studies of
HIV-infected individuals in regions where TB is endemic have
indicated that 45.8% of TB cases are undiagnosed at the time
of death, and 87.9% of all deaths were due to disseminated TB
[2].

The actual incidence of TBP is variable depending on the
degree of TB endemicity of the region. In a case series from
Spain, for example, only 4% of 294 admissions for the acute
pericardial disease were due to TBP [3]. In Africa, pericardial
effusions are predominantly due to TB, ranging from 64.9 to
70% in various reports [4, 5]. The HIV pandemic contributes
to the high burden of TBP seen especially in Southern Africa,
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as illustrated by a study that included 84 HIV-infected indi-
viduals with effusive pericarditis—only 3 of these individuals
had a diagnosis other than TB [5].

There is very little new data to inform the current epidemi-
ology of TBP in children. However, considering that EPTB
accounts for 21-44% of all TB in children, it is likely an
under-recognized problem [6]. A recent prospective observa-
tional study from Papua New Guinea reported a case fatality
rate of 25% (4 out of 16) in children with TBP [7]. The most
recently published retrospective observational study of chil-
dren with TBP reported only one death out of 30 children,
with the cause of death being ascribed to disseminated TB.
The authors acknowledge that actual mortality might have
been underestimated due to loss to follow-up [8]. The study
reported that 10% of children developed constrictive pericar-
ditis. This is in contrast to an earlier retrospective study of 44
pediatric TBP cases which reported no deaths and 5 cases
(20%) of constrictive pericarditis at follow-up [9]. There is a
need for further research in pediatric TBP, especially consid-
ering the disproportionate impact of EPTB on this vulnerable
population.

Pathogenesis

There has been some progress in our understanding of the
pathogenesis of TBP, particularly as it relates to the disease
in HIV-infected hosts. Mycobacterium tuberculosis (Mtb) ba-
cilli can enter the pericardium by retrograde lymphatic spread,
hematogenous dissemination, or, uncommonly, by direct con-
tiguous spread from adjacent infected structures such as the
lungs, pleura, and spine [10]. The most common mechanism
of Mtb spread in HIV co-infected individuals is via hematog-
enous dissemination [11], whereas in HIV-uninfected TBP
patients, pericardial fluid (PCF) lymphocytes are predomi-
nantly CD4+ effector memory T cells and the PCF lympho-
cytes in HIV-infected patients are dominated by CD8+ T cells
[12, 13]. HIV viral load is higher in PCF than in plasma of
HIV-positive TBP patients and inversely correlates with the
proportion of PCF CD4+ T cells [13]. The cellular influx into
the PCF is accompanied by a range of predominantly pro-
inflammatory and pro-fibrotic mediators (e.g., interferon-y,
interleukin (IL)-10, IL-1p3, IL-6, IL-8, interferon-y induced
protein, and tumor necrosis factor (TNF)), that accumulate
in the pericardial fluid [14, 15], and low levels of the anti-
fibrotic tetra peptide N-acetylseryl-aspartyl-lysyl proline
(AcSDKP) [16]. AcSDKP is broken down by angiotensin-
converting enzyme [17], suggesting a novel role for ACE
inhibitors for TBP to prevent pericardial fibrosis. Finally, re-
cent reports suggest that among both HIV-infected and HIV-
uninfected patients with culture-positive pericardial fluid, Mtb
bacillary loads are as high as 3.91 log;(CFU/mL (range 0.5—
8.96), with bacillary loads over 5.53 log;oCFU/mL being
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significantly associated with mortality [18]. These findings are
significant as they challenge the commonly accepted concept
that TBP is predominantly a paucibacillary condition driven
by an intense delayed-type hypersensitivity response to TB
antigens [10]. In at least some subsets of patients, TBP is, in
fact, multibacillary with significant implications for both out-
comes and ensuring that current drug regimens are effective at
penetrating the pericardium to do their work.

There are four pathological phases of TBP that correspond
with the various clinical manifestations observed (Table 1)
[11].

Two broad mechanisms drive the clinical presentation of
pericarditis: fluid accumulation within the pericardium which
compresses the heart chambers throughout the cardiac cycle
impeding both cardiac filling and cardiac contraction

(tamponade); or thickening of the pericardium with minimum
or absent effusion resulting in impairment of cardiac filling in
diastole (constriction). The predominant clinical manifestation
of TBP is the syndrome of heart failure regardless of mecha-
nism although a relatively small proportion of patients with
tamponade may also have hemodynamic compromise with
hypotension tachycardia and shock.

New registries and trials suggest that the most common
clinical presentation of TBP is as effusive pericarditis
(79.5%) [19] corresponding to stage 2. Constrictive pericardi-
tis, which corresponds to stages 3 and 4, is one of the most
severe sequelae of TBP (Fig. 1). Before the widespread use of
ATT and routine evacuation of the pericardium, constrictive
pericarditis was found in 30-60% of patients [3, 20], whereas
more modern prospective studies report rates of 5-25% [21ee].

Table 1 Stages of tuberculous
pericarditis

Stage 1
* Pathological bases

* Pathological
manifestations
¢ Clinical manifestation

Stage 2
* Pathological bases

« Pathological
manifestation
* Clinical manifestation

Stage 3
* Pathological bases

» Pathological
manifestation
*Clinical manifestation

Stage 4
» Pathological bases

« Pathological
manifestation
¢ Clinical manifestation

Fibrinous exudation predominates; occurrence of polymorphonuclear
leucytosis is first seen with relatively abundant mycobacteria.
There is a loose organization of macrophages and T cells with
early granuloma formation (HIV patients with low CD4 T cells
with fewer granuloma due to low immune response)

Dry stage (the least common form seen)

Patients present acute pericarditis with chest pain, pericardial
friction rub, and widespread ST elevation without effusion

There are predominantly lymphocytic exudates with monocytes
and foam cells; presence of serosanguineous effusion is seen

Effusive stage (most common form seen)

(1) Patients present with features of heart failure and/or cardiac
tamponade due to moderate to large pericardial effusion

(2) Effusive constrictive pericarditis with coexistence of visceral
constrictive pericarditis and simultaneous compressive pericardial fluid.
The former become obvious following pericardial drainage

At this stage, there is absorption of effusion, granulomatous
caseation becomes organized and perocardial thickening occurs
due to fibrin deposition of collagen, and ultimately fibrosis

Adsorptive stage

Symptoms and signs compatible with constrictive perocarditis but
radiological and echocardiographic evidence of thick fibrinous
fluid around the heart

Constructive scarring (the fibrosing visceral and parietal pericardium
contracts on the cardiac chambers). Calcification leads to encasing
of the heart in a fibrocalcific skin. Diastolic filling is impeded, causing
the classic syndrome of constrictive pericarditis

Constrictive stage

Constrictive pericarditis symptoms and signs predominate; and
echocardiography confirms the diagnosis with no residual fluid in the
pericardium

Table created based on information from ref. [11]
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Fig. 1 Cardiac magnetic
resonance images in TB
pericarditis. a T2-weighted STIR
imaging with thickened visceral
and parietal pericardium. b
Fibrotic pericardial layers after
administration of gadolinium
(reproduced with permission from
Ntusi et al. [56])

It occurs less frequently in those with HIV infection [22].
Some patients present with a combination of both tamponade
and constrictive physiology believed to be a stage between 2
and 3 (effusive-constrictive) and highlighting that despite the
discussion of these as separate clinical entities, they may over-
lap in clinical practice [19, 23].

Diagnosing Tuberculous Pericarditis

The most challenging aspect of the diagnosis of TBP remains
to be establishing a tuberculous etiology. Despite best efforts,
15-20% of the pericardial disease are never diagnosed [24],
reflecting the overall paucity in reliable, cost-effective new
diagnostic tests that can rapidly aid clinical decision-making.
Adenosine deaminase (ADA) remains the most widely used
biochemical test even though it is limited as a rule in test [25],
and the yields from fluid microscopy and culture remain both
low and time-consuming. The result is that the practice in
many high TB burden regions has been to treat for TB empir-
ically [19] despite observational evidence that empiric therapy
is associated with higher morbidity and mortality [26]. For
ease of diagnosis in TB endemic countries, some authors have
developed criteria for diagnosis of definitive and probable
TBP [27] based on clinical and laboratory findings (Table 2).

Pericardiocentesis, when feasible (effusion >1 cm), re-
mains an essential part of the approach to patients with
suspected TBP. It provides not only therapeutic but also

diagnostic benefit [28]. A typical finding from the aspirated
fluid is a protein-rich lymphocytic exudate that is frequently
macroscopically bloodstained. Light’s criteria remain the most
helpful to distinguish between transudates (usually heart fail-
ure) and exudates [29].

Culture of pericardial fluid remains the most widely used
diagnostic test for TBP with sensitivity ranging between 53
and 75%; however, it takes at least 3 weeks to yield results
[30]. There have been no new applicable technologies or
methods to increase the reduced yield of pericardial fluid
smear for acid-fast bacilli (AFB); however, the high specific-
ity of positive microscopy may justify its continued use [31].
Concomitant HIV infection does seem to affect the yield of
pericardial fluid culture. A recent study involving predomi-
nantly HIV-infected participants (72%), and making use of
liquid culture media only, detected culture positivity in 46
out of 131 (35%) of pericardial fluid specimens [31]. Where
there is diagnostic doubt despite biochemical ADA and fluid
culture, or where the pericardial fluid is difficult to obtain or in
the research setting, a biopsy of the pericardium or epicardium
may be warranted [32¢, 33]. However, there are no new tech-
niques or tools to increase the yield from histological analysis,
which remains 10-64% [27]. What is new is that problems
with obtaining representative pericardial biopsy samples
could potentially be overcome by using percutaneous
pericardioscopy. A small pilot study using the technique dem-
onstrated a diagnostic yield of 60% using AFB staining of

Table 2 Diagnostic criteria for

TB pericarditis in TB endemic Definite TB pericarditis

Probable TB pericarditis

countries

Tubercle bacilli are found in stained smear or culture of

pericardial fluid; and/or

Tubercle bacilli or caseating granulomata are found on
histological examination of the pericardium

Evidence of pericarditis in a patient with tuberculosis
demonstrated elsewhere in the body; and/or

Lymphocytic pericardial exudate with elevated ADA
activity; and/or

Good response to anti-tuberculosis chemotherapy

Table created based on information from ref. [27]
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biopsy samples, with an additional 13.3% being diagnosed by
identification of granulomatous inflammation on histology
[30].

Xpert MTB/RIF and Xpert MTB/RIF Ultra are cartridge-
based nucleic acid amplification tests that can detect Mtb and
simultaneously test for rifampicin resistance in under 2 h. Ina
study assessing the accuracy of Xpert MTB/RIF in TBP and
other forms of extrapulmonary TB, the sensitivity was 63.8%,
with high specificity (100%) [34]. Elsewhere, use of Xpert
MTB/RIF on pericardial biopsy samples increased the sensi-
tivity to 78% [35¢]. These results do not show much improve-
ment from much older studies on polymerase chain reaction
(PCR)-based techniques [36]. Finally, it is notable that the use
of Xpert MTB/RIF in combination with ADA does increase
the sensitivity and overall accuracy of the diagnosis of TBP
and could be considered a diagnostic option where there is
major diagnostic uncertainty [37]. The associated costs of
such a strategy are high, perhaps explaining the lack of wide-
spread uptake of such a strategy among clinicians.

Gamma-interferon (IFN-y) is produced in large amounts
by both CD-4+ and CD-8+ T lymphocytes in the setting of
TBP, which has been demonstrated to be highly accurate as a
diagnostic biomarker since it was first evaluated [38—40]. A
recent meta-analysis of four published studies found an over-
all sensitivity (97%) and specificity (99%) of PCF IFN-y to
diagnose TBP, in addition to a positive likelihood ratio of 187
and negative likelihood ratio of 0.03, which provides strong
evidence that PCF IFN-y could be used as a stand-alone test to
diagnose or exclude TBP [41¢¢]. Despite its clear superiority,
IFN-vy is not a widely available commercial test in diagnostic
laboratories in endemic areas due to high cost.

Tuberculin skin test (TST) and interferon-gamma release
assays (IGRAs) are of limited value in areas of high TB en-
demicity as positivity of either merely reflects exposure to
Mtb antigens and cannot accurately discern active TB disease
[42]. Furthermore, the purified protein derivative (PPD) used
by the TST can yield false-positive results in individuals vac-
cinated with bacilli Calmette-Guerin (BCG) and in those who
have been sensitized to nontuberculous mycobacteria (NTM).

Management of Tuberculous Pericarditis

The treatment of TBP is aimed at achieving three goals: killing
and control of active Mtb; relief of the cardiac compression
and adverse hemodynamic sequelae (tamponade and heart
failure); and the prevention of complications of maladaptive
pericardial remodeling and healing, including constrictive
pericarditis.

The goal of effective killing and control of Mtb using four
anti-tuberculous drug regimens (rifampicin, isoniazid, etham-
butol, and pyrazinamide) for a minimum of 6 months has been
the standard of care for decades in the absence of evidence of
comparative effectiveness. This is important because of recent

findings from a small pharmacokinetic and pharmacodynamic
study, which demonstrated that there is low penetration of
anti-TB drugs in the pericardial space over the first 24 h fol-
lowing drug administration. The median peak pericardial fluid
rifampicin concentrations were significantly lower than the
minimum inhibitory concentration (MIC) [43]. In the same
study, pyrazinamide peak concentration was 40 times lower
than the pH adjusted MIC. Isoniazid was the only drug found
at adequate concentrations in the pericardial fluid of patients
with TBP. These findings suggest that there is an urgent need
to investigate higher doses or alternative drug regimens in
patients with TBP, in whom poor drug penetration may con-
tribute to the poor outcomes observed. This is particularly true
considering recent evidence of the close relationship between
the burden of bacillary load within the pericardium and mor-
tality [18].

Echocardiographic- or fluoroscopic-guided needle
pericardiocentesis remains the treatment of choice to evacuate
the pericardium of compressive pericardial fluid and alleviate
cardiac tamponade. The European Society of Cardiology
(ESC) Working Group on Myocardial and Pericardial
Diseases have developed a triage system based on the opinion
of experts which can be used to guide clinical decision-
making in the management of patients with cardiac
tamponade [44]. There are still no studies comparing routine
evacuation of the pericardium and evacuation only for clinical
tamponade. However, the recent characterization of the peri-
cardial fluid with toxic proinflammatory and profibrotic me-
diators has added to the list of theoretical benefits the manual
removal of these mediators to prevent short- and long-term
damage to the pericardium. There is also good circumstantial
evidence that in recent prospective studies with high rates of
pericardiocentesis [21, 45, 46], the rates of constrictive peri-
carditis are lower (5-15%) than the rates (17-30%) quoted
from eras when there was less aggressive use of the interven-
tion [3, 20].

The goal of preventing pericardial fibrosis and constrictive
pericarditis is of importance in sub-Saharan African. This is
because the syndrome is an important and relatively common
cause of heart failure in the region [47], where the facilities,
expertise, and experience needed to perform definitive surgi-
cal pericardiectomy are virtually non-existent [48].
Interventions for the prevention of constrictive pericarditis
which have been tested or are being tested include corticoste-
roids, Mycobacterium indicus pranii, colchicine, and fibrino-
lytic therapy.

Four randomized controlled trials [21¢, 46, 49, 50] have
evaluated the role of intrapericardial and oral corticosteroids
for the prevention of progression to constriction. In a recent
Cochrane review of the 4 randomized trials [51], analysis of
the cumulative data suggested that there was low certainty of
evidence for a 20% reduction in all-cause mortality (risk ratio
(RR) 0.80, 95% confidence interval (CI) 0.59-1.09; 660
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participants), compared with those who did not receive ste-
roids in whom a significant reduction in pericarditis-related
deaths was reported (RR 0.39, 95% CI 0.19-0.80; 660 partic-
ipants). However, among HIV-positive participants, in the
large and most robust of the studies, no evidence for a reduc-
tion in mortality was found with a possible increase in the
rates of HIV/AIDS-related malignancy in those with advanced
HIV but who were not yet on ART at enrolment [52¢¢]. The
same study showed a reduction in the risk of constrictive peri-
carditis and rehospitalizations in participants on corticoste-
roids independent of HIV status [21¢¢]. Based on these find-
ings, the European Society of Cardiology pericardial disease
guidelines recommend that it may be reasonable to use ad-
junctive corticosteroids at a tapering dose of 120 mg of pred-
nisolone over 6 weeks in patients with TBP without HIV
infection, and to avoid their use in HIV-infected individuals
because of the increased risk of malignancy [28]. The use of
M. indicus pranii immunotherapy was evaluated in the same
RCT by factorial design and was found to be neutral on all
efficacy outcomes in HIV-negative participants, with in-
creased malignancy in the subset with advanced HIV but not
on ART [21e].

In an underpowered South African study, investigators test-
ed whether the positive impact of the drug colchicine on
preventing complications in patients with idiopathic pericar-
ditis [53] could be extended to patients with TBP. They tested
the hypothesis that colchicine taken daily for 6 weeks may
reduce the rates of constrictive pericarditis relative to a place-
bo control arm receiving “usual care.” The results were neu-
tral, with no benefit or harm found [54].

Finally, intrapericardial fibrinolysis is currently under in-
vestigation in the Second Investigation of the Management of
Pericarditis (IMPI-2) Trial (https://clinicaltrials.gov/ct2/show/
NCT02673879). The rationale for its use is based on its
theoretical ability to break up loculated fibrin strands
allowing for complete evacuation of the pericardium and
reduction in mediators of fibrosis; and 60 years of
experience from case reports and small case series where
success rates have been high [55¢¢]. The multicenter trial is
currently in its feasibility phase.

Conclusion

Tuberculous pericarditis remains a major cause of cardiovas-
cular death and disability in TB endemic regions of the world,
particularly where the prevalence of HIV is high. Historically,
contributors to this high morbidity and mortality have includ-
ed the following: little progress in our understanding of the
immunopathogenesis of the disease in order to identify poten-
tial targets for therapy; failure to develop a relatively inexpen-
sive, rapid, accurate, and widely available test that can be used
out in the field at the point of contact in patients with the
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suspected disease; a better understanding of the determinants
and drivers of post-tuberculous fibrosis and constrictive peri-
carditis; more detailed understanding of the pharmacokinetic
and pharmacodynamics of anti-tuberculous drug in both plas-
ma and the pericardium and its impact on short- and long-term
outcomes. In this review, we have highlighted areas where
there have been significant developments, such as a more
detailed study of the immune pathways, cells, and cytokine
mediators of the response to TB; those such as diagnosis of
tuberculous etiology, and interventions to reduce mortality
and morbidity where progress has been elusive; and described
those areas where there may be opportunities to turn the tide
on this burdensome disease.
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