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Abstract

Constrictive pericarditis (CP) characterized by the presence of a thick, fibrotic and/or calcified non-compliant pericardium

limits diastolic filling and forces one side of the heart to fill at the expense of the other side. CP results in right heart failure and

even reconstruction of the heart, especially for CP caused by tuberculosis (TB). As the leading cause of CP, TB is affecting the

management of CP from many aspects, which contributes to high morbidity and mortality. The purpose of this manuscript is to:

(1)Review the etiology, epidemiology, pathophysiology, diagnosis, treatment of tuberculosis constrictive pericarditis (TBCP);

(2)Review animal models for CP or pericarditis through different methods; (3)Remind us that more research should be done

for TBCP.

KEYWORD
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INTRODUCTION

The pericardium is a fibroelastic sac surrounding the heart and the roots of large blood vessels. While the
outer layer is a tough fibrous pericardium, the inner serous pericardium is divided into the parietal layer
and the visceral layer. The parietal layer is lined on the inner surface of the fibrous pericardium, and the
visceral layer adheres to the surface of the heart. The pericardial cavity is a narrow closed gap between the
visceral layer and the parietal layer, which contains a small amount of slurry to play a slippery effect. The
normal pericardium has a protective effect on the heart, can prevent surrounding infections from spreading
to the heart, restricting the expansion of the heart and prevent the heart from rupturing quickly when
the intracardiac pressure rises. CP is a disease that occurs between the visceral and parietal layers of the
pericardium with a thickened and fibrosed pericardium, which may limit diastolic filling of the ventricles and
cause heart failure. Constriction is the end-stage manifestation of different kinds of pericarditis, including
tuberculosis pericarditis (TBP). From the perspective of CP, TB is the most known major cause. For the
patients with TBP, constriction occurs in almost all untreated and many treated ones. Therefore, it is
appropriate to express TBCP from two aspects: TB and constriction.

ETIOLOGY AND EPIDEMIOLOGY

The etiologic spectrum is changing all the time since CP was first described in 1669 by Lower[1]. The
causes of CP vary by region. Although idiopathic or post-viral infection may be the leading cause of CP
in developed countries, tubercle bacilli are still the leading cause of CP worldwide, especially in developing
countries like Africa and a certain area in Asia. Besides, cardiac surgery, mediastinal radiation therapy, HIV
and some connective tissue disorders such as systemic lupus erythematosus (SLE) and rheumatoid arthritis
are also associated with CP[2-4]. TB was instigated by Mycobacterium tuberculosis (MTBC), including M.
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tuberculosis (Mtb), M. africanum, M. bovis, M.bovis Bacillus Calmette-Guerin (BCG) vaccine strain, M.
canetti, M. caprae, M. pinnipedii, M. microti, and M. mungi, which infect animals as well as humans. Of
these entire members of the MTBC, the M. tuberculosis, first identified in 1882 by Robert Koch, is the most
infamous member, and the main reason causing TB in humans[5].

TBP is a form of TB, which is estimated to occur in 1% to 2% of instances of pulmonary tuberculosis[6].
TBCP is one of the most severe sequelae of TBP, occurring in 30% to 60% of patients, despite prompt anti-
TB treatment and the use of corticosteroids[7]. Therefore, the epidemiology of TB reflects the epidemiology
of TBCP to a certain extent.

It is worth mentioning that TB, one of the oldest recorded human afflictions, is still one of the biggest killers
among infectious diseases, despite the extensive use of a live attenuated vaccine and several antibiotics. TB
can be preserved for thousands of years in hard tissues like the bone of patients with bone TB who died
more than 4000 years ago, which indicates that TB was appeared throughout the world up to then[8]. The
first global estimation led by the World Health Organization (WHO) in the early 1990s reckoned that there
were about 8 million incident TB cases in 1990 with 2.6 to 2.9 million deaths[9]. About 8 million new cases
in 1997 and 10.4 million in 2016[10]. The WHO’s End TB Strategy[11] have defined ambitious targets for
2035, including a 95% reduction in the absolute number of TB deaths and a 90% reduction in TB incidence
by 2035, compared with 2015.

The targets are far away, and we still have a long way to go. The emergence of multidrug-resistant (MDR)
and extensively drug-resistant (XDR) TB makes the management of TB more difficult. MDR-TB is caused
by MTBC, resistant to at least isoniazid and rifampin[12]. XDR-TB is a complicated form of MDR-TB with
additional resistance to at least one kind of second-line injectable antimicrobial drug and a fluoroquinolone. It
is said that approximately half a million new cases of MDR-TB challenge global health in 2017[10], especially
in India, China, and the Russian Federation[13], with the highest-burden amongst women of reproductive
age (15 to 45 years). In women of this age, tuberculosis is the leading cause of death from an infectious
agent and a common non-obstetric cause of maternal mortality[14].

The epidemic of human immune-deficiency virus (HIV) is another barrier affecting TB-control. Despite
tremendous progress in the use of antiretroviral drugs for the treatment of HIV, there were still 940000
deaths and 1.8 million new infections in the world in 2017. The number of new HIV infections is increasing
in about 50 countries. The total number of people living with HIV in South Africa still ranks first in the
world (over 7 million), and the proportion of infected people has increased year by year, the infection rate has
reached 12.57%[15]. As is known to all, HIV and TB have a synergistic interaction. What’s more, HIV causes
an atypical presentation of TB with less pulmonary involvement but more extrapulmonary symptoms. It
is said that TB often occurs at an earlier stage in the course of HIV infection. Pulmonary TB is the
prevalent form of TB, while the count of CD4+ T lymphocytes cell is high. However, extrapulmonary TB
(EPTB) becomes more prevalent, while HIV infection progresses to Acquired Immune Deficiency Syndrome
(AIDS)[16].

Another risk factor for TB that maybe forget is diabetes mellitus (DM), especially during the second half
of the 20th, with the advent of widely available treatment for both TB and DM. However, the association
between these two diseases has reappeared due to the global epidemic of type 2 DM (T2DM)[17]. According
to the report published in 2017, about 415 million people live with diabetes worldwide, and an estimated 193
million people have undiagnosed diabetes. T2DM accounts for more than 90% of patients. The incidence and
prevalence of DM continue to rise globally due to obesity, physical inactivity, and energy-dense diets. Besides,
a meta-analysis produced evidence that smoking is a risk factor for TB infection and TB disease[13,18].

TB is no longer a disease only caused by poverty, and the mind to end TB through reducing poverty should
change. Deborah Wallace[19] argued that debt such as housing conditions, working conditions, malnutrition,
and ventilation could affect TB incidence and mortality, as well as Major social upheaval including war, mass
evictions, land-grabbing, slavery, refugee-creation and denial of essential services. The Global Fund to Fight
AIDS, TB, and Malaria suspended grants to North Korea, one of the highest rates of TB in the world, for
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both TB and malaria control programs on June 30, 2018. North Korea’s public health system will be tested
more and more in the coming years. The reasons may range from failure of the North Koreans to adhere
to the Fund’s standards for record-keeping to applying pressure on the North Korean regime for its nuclear
endeavors. In Brazil, the election of a right-wing president, Jair Bolsonaro, who encourages land-grabbing
by loggers and Big Agriculture, signals significant changes in Brazilian economic and political structure.
Women’s rights and the rights of marginalized populations are not guaranteed, which will destroy the system
of TB control in Brazil in myriad ways. In New York, the discriminatory policy persists, such as routine
denial of parole to black prisoners and routine denial of essential municipal services to poor neighborhoods,
which will be detrimental to the control of TB. In Africa, feeling insecure, most working people have to work
long hours for low wages under unsafe conditions, they even have no protection by culture or regulation, and
then, obesity, diabetes, HIV, TB, unsafe sex, drug abuse, and violence will blossom. Therefore, we can’t
regard TB as only a medical problem, but it should be considered as a political and economic issue, which
was driven by national interests. So not only developing nations, developed nations are not spared from this
menace. When the civil war first gripped Syria in 2011, the country had a population roughly equivalent
to New York state. In the eight years since the conflict has displaced more than half of its people. Liberia
is within the 30 countries with the highest TB burden, probably as a consequence of the long civil war[20].
A study suggested that by 2030, two-thirds of the world’s wealth will be in the hands of 1% of the world’s
population. The economic and political imbalance may play an unfavorable role in the management of TB.
So, it is expected that the epidemic of TBCP will go on for many years.

PATHOPHYSIOLOGY

We can understand the pathogenesis of TBCP through two main aspects-inflammation caused by tubercle
bacilli and constriction of the pericardium.

Tubercle bacilli access the pericardium through 3 primary mechanisms, which include retrograde lymphatic
spread from mediastinal, paratracheal and peri-bronchial lymph nodes, hematogenous spread (mainly in
immunocompromised hosts), and rarely direct contiguous spread from adjacent structures such as the lungs,
pleura, and spine[7,21]. The stage or progression of the disease is the result of a game between bacteria
and the human immune system. Due to a competent immune system, the tuberculous pericardial disease is
usually limited to the pericardial space. The immune response to the acid-fast bacilli penetrating the peri-
cardium is associated with the incidence of TBP. Once into the pericardium, viable mycobacterial protein
antigens presented by macrophages to CD4+ T lymphocytes trigger activation of lymphocytes, macrophages,
and complement-fixing antibodies, which leads to inflammation, production of fibrinous exudate and gran-
uloma formation. This is called delayed hypersensitivity responses induced by tubercle proteins. TBCP is
the final manifestation of TBP, and there are four pathologic stages from TBP to TBCP[22]: (1) fibrinous
exudation with initial polymorphonuclear leukocytosis, relatively abundant mycobacteria, and early granu-
loma formation with the loose organization of macrophages and T cells; (2) serosanguineous effusion with a
predominantly lymphocytic exudate with monocytes and foam cells; (3) effusion absorption with the organi-
zation of granulomatous caseation and pericardial thickening caused by fibrin, collagenosis, and ultimately,
fibrosis; and (4) constrictive scarring, which involves fibrosis of the visceral and parietal pericardium. The
scarred (and sometimes calcified) pericardium encases the heart in a fibrocalcific skin that impedes diastolic
filling and causes the classic constrictive pericarditis syndrome. (Figure.2)

When TB is linked to AIDS, some things become different. In HIV-infected hosts, tubercle bacilli spread
to the pericardium mainly via a hematogenous route[23]. Dysfunctional immunity in HIV/AIDS patients,
EPTB such as TBP, becomes more frequent as part of a disseminated process associated with TB bac-
teremia accompanied by active mycobacterial replication and high bacterial load. HIV alters the natural
history and outcomes of TB pericarditis. Fewer granulomas were observed than in non-HIV patients because
of severely depleted CD4+ T lymphocytes[24]. Immunocompromised participants appear less likely to de-
velop constrictive pericarditis but have significantly higher mortality compared with their immunocompetent
counterparts[13]. However, when CP present in HIV-positive patients is usually due to tubercle bacilli[25].

It seems to be a fundamental difference in the susceptibility between HIV patients and T2DM patients to
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TB[26]. Macrophage function is altered during T2DM in tubercle bacilli-näıve individuals, which include
reducing binding or phagocytosis of tubercle bacilli[27]. Chronic inflammation and dysregulation of the in-
flammasome, a common immunological characteristic to obesity and T2DM, may be associated with the
increased susceptibility to TB[28]. What’s more, tubercle bacilli can reside and persist in adipose tissues,
and evade recognition by the host immune system so that forming a reservoir for possible re-activation[29].
However, the relationship between T2DM and TB still mostly unknown.

Except for some pathological factors above, pregnancy can also make the management of TB more difficult.
For pregnant women, the increased blood volume during pregnancy is undoubtedly worse for the scarred
heart. In women co-infected with tuberculosis and HIV, neonates born to these women also have increased
morbidity and mortality[30].

The restriction is another property of TBCP. As is known to all, the pericardial space contains up to 50ml
of plasma ultrafiltrate, which can reduce friction on the epicardium and equalizes gravitational, hydrostatic,
and inertial forces over the surface of the heart, so that transmural cardiac pressures neither change during
acceleration nor differ regionally within cardiac chambers. Besides, pericardial reserve such as oblique sinus,
transverse sinus, and pericardial recesses, together with the histological components of pericardium like
collagen and short elastin fibers neutralize the effects of respiration and change of body position[31]. When
inhaling, the intrathoracic pressure decreases, and this pressure difference is transmitted into the heart
chambers so that the pressure changes in the heart and intrathoracic are synchronous. When the restriction
occurs, a thickened, inelastic, and even calcified pericardium limits diastolic filling[32] and prevents the
regular inspiratory decrease in intrathoracic pressure from being transmitted to the heart chambers, causing
dissociation of intracardiac and intrathoracic forces. Since the pericardium does not surround the pulmonary
veins, so the pulmonary venous pressure but not left atrium (LA) pressure usually drops during inspiration,
which causes a reduction of flow from pulmonary venous into LA, and then a reduction in left ventricle
(LV) volume[33]. With this slight reduction in LV filling, the interventricular septum bows to the left and
right ventricle (RV) filling increases slightly. (Figure.3) The opposite effects occur during expiration due to
ventricular interdependence. Subsequently, intracardiac pressures rise, and there is eventual equalization of
diastolic pressures. Although the systolic ventricular function is reasonable, the impaired ventricular filling
will lead to a reduction of stroke volumes and cardiac output[34]. The restricted pericardium can also cause
the right-side heart failure (HF) of patients with symptoms of edema, hepatomegaly, and effusion in serous
cavities develop[35]. To make matters worse, TBCP is often accompanied by calcification. As the disease
progresses, calcification may penetrate the myocardium, leading to remodeling of the heart structure. As a
result, the mortality rate increases.

DIAGNOSIS

History

The patient’s medical histories, including history and present history, are crucial for the Diagnosis of TBCP,
especially for the patients with an obvious constriction symptom and unclear etiology. When the constriction
is the first symptom, whether the patient is in an epidemiologically high-risk area of TB and/or HIV has a
tremendous, supportive effect on the diagnosis. At the same time, we know that many factors/diseases can
lead to CP, such as uremia, SLE, rheumatoid arthritis, cardiac surgery, mediastinal radiotherapy, and viral
infection, etc. These related factors/diseases are also helpful for differential diagnosis. Moreover, such clinical
features like low fever, night-sweats, and weight-loss should be valued.

Laboratory assessment

Notable elevations of IL-10 and IFN-γ, together with a low level of bioactive TGF-β in tuberculous pericardial
fluid, indicate delayed-type hypersensitivity response to the pathogen mediated by Th-1[36]. Elevated peri-
cardial adenosine deaminase (ADA) activity and lysozyme levels are essential in the Diagnosis of TBP[37]. It
is said that a pericardial ADA level[?]40U/L has a sensitivity and specificity of 88% and 83%, respectively[38].
However, it is not always possible to obtain pericardial fluid or tissue, especially when the constriction has
occurred. In the endemic area, globulin level higher than 40g/L, and peripheral leukocyte count less than
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10x10ˆ9g/L may infer an infection of TB. Besides, the positive rates of procalcitonin (PCT),C-reactive pro-
tein (CRP) are high in the serum of patients with TB. And the measurement of plasma brain natriuretic
peptide (BNP) level-a marker of ventricular dysfunction and wall stretch-may be useful in the Diagnosis of
CP.

Physical examination

The classic presentation of TBCP is of right-sided heart failure-hepatomegaly, ascites, and leg edema[39].
Patients with CP typically have markedly elevated central venous pressure, and the jugular venous pressure
may also rise with inspiration (Kussmaul sign). The systolic blood pressure may reveal an abnormal (>10
mm Hg) decrease while inspiration, which is termed ’pulses paradoxus’ and relates to the dissociation of
intrathoracic and intracardiac pressures[40]. Besides, symptoms, such as weakness, cough, chest pain, night
sweats, fever, and tachycardia may be found.

Electrocardiography

Electrocardiogram (ECG) is a technology that records the changes in cardiac electrical activity during each
cardiac cycle from the body surface[41]. It can not only reflect the changes in the heart rhythm, but also has
a prompting effect on pericarditis, especially for patients with CP who are not accompanied by pericardial
thickening or calcification. Morris first introduced the P-wave terminal force (PTF) in lead V1 (PTFV1)
measured by 12-lead ECG that can reflect left atrial structural abnormalities and diastolic dysfunction of left
ventricular[42]. Yanhong Ren’s study[43] indicated a close association of abnormal PTFV1([?]-0.04mm·s) and
TBCP, which could remedy the limitation of X-ray, CT, and echocardiography examination in the TBCP
diagnosis. The abnormality of PTFV1 may associated with the load increasing of the left atrial and the
right atrial, leading to an prolongment of the left atrial depolarization and the interatrial bundle conduction
interval. What’s more, low voltage and atrial fibrillation may be present in part of patients with CP.

Echocardiogram

The American College of Cardiology and the European Society of Cardiology guidelines recommend the use
of echocardiography for diagnosis of constrictive pericarditis and any other pericardial disease.

(1)Increased pericardial thickness with or without calcification may be reflected in two-dimensional echocar-
diography.

(2)The shift of ventricular septum may be observed in CP with a sensitivity of 93%[44].

(3)Comparing with an average person, armored pericardium contributes to the dissociation of intracardiac
and intrathoracic pressures, which causes a reduction in mitral early (E) inflow velocities during inspiration.

(4)Due to the high right atrium (RA) pressure, the resistance from hepatic vein to RA increases, and
expiration will undoubtedly enlarge the obstruction. So hepatic vein diastolic flow reversal during expiration
is a specific (88%) sign of CP.

(5)Tissue Doppler, which may have a preserved or elevated e’, is often used to evaluate diastolic function.
Also, we can see the medial e’ velocity is higher than the lateral of the myocardium, which is exactly the
opposite of routine, and called ’annulus reverses’[45].

(6)Two-dimensional speckle tracking echocardiography aiming at evaluating myocardial mechanics provide
additional diagnostic and clinical information in the context of CP. The typical longitudinal deformation
pattern of CP includes preserved septal and reduced longitudinal strain values in left ventricular free wall
myocardial segments due to pericardial adhesions, which is different from restrictive cardiomyopathies-where
longitudinal strain is usually uniformly reduced, and the values are much lower than CP[46,47].

Computed tomography

Computed tomography (CT) is not a common examination for heart disease, however, it can show pericardial
calcification sensitively, and show the relation-adhesion or not-between pericardium and tissues surrounding

5
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the heart. Therefore, CT is helpful in patients evaluating before pericardiectomy and making operative
planning[31]. Besides, CT can find pulmonary tuberculosis, which is helpful for the Diagnosis of TBCP.

Cardiac magnetic resonance imaging

Cardiac magnetic resonance imaging (CMR) is a common tool for assessing pericardial diseases. Not only
anatomical information but ventricular septal motion inferring constrictive physiology can also be reflected
via MRI[48].

The alterations of CP in the CMR mainly has the following points: (1)pericardial thickness equal or larger
than 4mm; (2)dilatation of the vena cava and supra-hepatic veins which represents the high pressure of RA;
(3)delayed gadolinium enhancement of the pericardium is associated with increased fibroblast proliferation
and neovascularization, as well as more prominent chronic inflammation and granulation tissue[49,50].

Positron emission tomography/computed tomography

Positron emission tomography/computed tomography (PET/CT), which is an image fusion about PET and
CT, can provide both anatomy structure and function information. 18F-2-deoxy-2-fluoro-D-glucose (18F-
FDG), which can reflect glucose metabolism and find the abnormal part, is the common tracer of PET/CT.
Although18F-FDG PET/CT is commonly used in oncology fields, it can also visualize the inflammation.
Activated inflammatory cells predominantly metabolize glucose as a source of energy. Even more, we often
use it to differentiate pulmonary TB from lung cancer. The degrees of FDG uptake in the pericardium and the
mediastinal and supraclavicular lymph nodes are useful for differentiating acute tuberculous from idiopathic
pericarditis[51]. TBCP is frequently associated with pulmonary TB or lymph node involvement, which can be
detected by 18F-FDG PET/CT-one of the advantage of it. Diagnosis is made on a multifactorial analysis of
clinical, imaging, chemical, and bacteriological and serological basis, although PET/CT has a high sensitivity
but low specificity[52]. However, molecular imaging has great potential, which depends on the development
and selection of tracers. Not only diagnosis/differential diagnosis but also the stage of the disease can be
made, as well as an evaluation of the treatment effect.

Biopsy

A definite and direct approach to diagnose TBP involves identifying acid-fast bacilli (AFB) in any body
site. But the long waiting time limits its value in clinical decision. A pericardial biopsy may be helpful for
diagnosing TBP. Typical histology with caseous necrosis and granulomatous inflammation or positive AFB
staining can confirm the Diagnosis. However, when the progression comes to the end-stage, typical microscopy
findings can disappear, and left only fibrotic changes and chronic inflammation. So the Diagnosis of TBCP
should be made early or the etiology of the disease should be clear at the early stage. Once the Diagnosis
of the restriction has been made, establishing a TB etiology is less straight forward, for a large proportion
of patients present restriction but have no prior history of TB[53,54]. So the response to anti-tuberculosis
treatment should be another criterion of the Diagnosis of TBCP.

The most challenging aspect of the Diagnosis of TBCP (Figure.4) remains to be establishing a tubercle
bacilli etiology, especially in countries in which TB is not endemic. For those patients with TBCP who
developed from TBP, the Diagnosis is relatively simple. Although there are four stages of TB (dry, effusive,
absorptive, and constrictive), TBCP may not always result from the progression of acute pericarditis from a
dry stage sequentially through an effusive, and absorptive, but may mainly result from a fibrotic pericardium
without previous history of acute pericarditis. What’s more, the clinical presentation of constriction is highly
variable, which may range from asymptomatic to severe constriction. When the disease has reached the
advanced stage and the constriction has formed, finding the etiology may be hard, for the typical caseous
necrosis has disappeared. Therefore, whether in the endemic area and history are vital to the Diagnosis of
TBCP. Pericarditis-related diseases or procedures such as TB, HIV, T2DM, obesity, chest radiotherapy, SLE,
uremia, infecting by viral, and a history of heart surgery and so on should be mastered, which can help us
make a faster and accurate diagnosis. Also, we should pay attention to the differences in the Diagnosis of
TBCP accompanied by HIV or T2DM and TBCP caused by MDR-TB or XDR-TB.

6



P
os

te
d

on
A

u
th

or
ea

23
J
u
l

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

55
13

00
.0

93
04

08
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

TREATMENT

The treatment of TBCP is aimed at achieving three goals: killing and control of active Mtb; relief of the
cardiac compression due to the fibrosed pericardium; and the prevention of complications or adverse reactions.
Among these, removing fibrosed pericardium is much more urgent. Four anti-tuberculosis drug regimens
(rifampicin, isoniazid, ethambutol, and pyrazinamide) for a minimum of six months, killing and controlling
Mtb effectively, has been the standard care of TB for decades. The drugs can easily reach the lesion to
take effect through the mouth, due to the abundant blood vessels in the lungs, which is different from the
pericardial cavity. A recent study found that the penetration of anti-tuberculosis drugs in the pericardial
space is low during the first 24 hours following drug administration. The median peak value of rifampicin
concentrations in the pericardial fluid was significantly lower than the minimum inhibitory concentration, and
isoniazid was the only drug with sufficient concentration found in pericardial fluid in patients with TBP[55].
This is a study of patients with TBP manifesting as pericardial effusion. However, while it progresses to
TBCP with fibrosis gradually forming and blood vessels decreasing, the effect of chemotherapy will become
smaller, especially following the formation of calcification. Therefore, the only definite treatment of TBCP
is surgical pericardiectomy, but it has a high perioperative mortality of between 5%-14%[53] and optimistic
prognosis. Considering that TBCP may not exist alone, and it may be accompanied by tuberculosis lesions
in other parts of the body, anti-tuberculosis treatment is still necessary. Some researchers had achieved good
results with pure anti-tuberculosis drugs for TBCP, but it seems to be related to the stage of the disease,
and there is less research to support such results. It’s helpful for prognosis by taking pericardiectomy timely
when the anti-tuberculosis does not work. However, the timing of pericardiectomy is controversial. Some
authors suggested that we should use standard anti-TB drugs for 6 months and then pericardiectomy for
persistent constriction in the face of drug therapy. Some recommended pericardiectomy should be done if
the patient’s condition is static hemodynamically or deteriorates after 4 to 8 weeks of anti-TB therapy.
Also some though surgery should be undertaken earlier under anti-TB therapy if the pericardial calcification
appears[22]. There is no consensus on the scope of a pericardiectomy for the surgical treatment of chronic
constrictive pericarditis. A total pericardiectomy is technically more demanding but has superior results-
both early and late compared with partial pericardiectomy [56]. The process of pericardiectomy is difficult,
especially with calcification penetrating the myocardium, which may damage myocardial laceration and
endanger life during operation[57]. At the same time, diuretic therapy, inotropic support and some device
support such as cardiopulmonary bypass (CPB), ultrasonic bone scalpel, and extracorporeal membrane
oxygenation (ECMO) may be needed during or after the pericardiectomy. Besides, advanced age, atrial
fibrillation, tricuspid insufficiency, need for inotropic support, low cardiac output, high atrial pressure, ascites,
low functional status and the duration of constriction have been related to poor outcomes[56].

As for MDR-TB or XDR-TB, chemotherapy drugs need some adjustments, using second-line drugs instead
of the four drugs. Using only amikacin in shorter regimens and bedaquiline or linezolid in longer regimens
were recommended[58]. Drug susceptibility testing (DST) is necessary for the treatment of patients with Mtb-
positive. Since little is known about the use of second-line tuberculosis drugs in pregnancy, the management
of MDR/XDR-TB in pregnant women is more complicated. And the use of new and repurposed drugs during
pregnancy and breastfeeding is not widely recommended. Given the complexity of treating pregnant women
with MDR/XDR-TB, individualized treatment should be done for each one from hospitalizing. Aggressive
treatments should be used under safety as the mortality of pregnancy-associated TB can up to 40%.

The infection of HIV of patients with TBCP increases the mortality rate greatly. However, the optimal
therapeutic strategy concerning the duration of anti-TB therapy is uncertain. Concern about the potential
for the development of toxicities, side effects, immune reconstitution syndrome (IRIS) and complex drug-
drug interactions if ART is introduced early during therapy for TB often led to long delays. It is said that
the use of corticosteroids may prevent the development of TBCP from TBP in the patient without HIV[59].
However, whether corticosteroid is beneficial for the treatment of TBCP still needs further studies. What is
certain is that corticosteroid potentially causes complications, including aggravation of diabetes, Cushingoid
features, infection risk, osteoporosis and increasing cancer risk for HIV/AIDS patients[53]. And the role of
pericardiectomy still needs further exploration.
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ANIMAL MODEL

A suitable animal model can be used to test key hypotheses at a much faster rate than the research based
on the patient. In clinical researches, we have to measure something related to the desired variable, with
low credibility, due to an impractical or impossible measurement of the desired variable. Thus, a reasonable
animal model represents a remarkably powerful approach for the solution of clinical problems[60]. TBCP
has the characteristics of difficulty in Diagnosis, untimely discovery, and high mortality. Considering these
aspects and the global epidemic of TB and the related diseases, we suggest that a reasonable animal model
of TBCP is necessary. So far, no researches of animal model about TBCP have been found. Some animal
models of pericarditis and other kinds of CP are shown in the table below. (Table.1)

DISCUSSION

CP may be caused by various factors, some of which may be transient, while TBCP may manifest as a
progressive constriction even treated. Although idiopathic, post-cardiac surgery and radiation were the three
most common etiologies of CP in some developed countries. Considering the high incidence of TBP in
developing countries, the prevalence of MDR-TB, the impact of HIV, T2DM, obesity and some national
policies, TB will still be the main cause of CP for a long time worldwide.

Constriction is the end-stage manifestation of TBP, which contributes to the death of patients with TBP.
Early Diagnosis and treatment of TBCP are crucial for prognosis. As we have known that TBP has four
pathological stages-dry, effusive, absorptive, and constrictive. However, many patients with TBCP who give
no history of an acute attack have in fact had such an attack, which has been overlooked because of the
mildness of the constitutional symptoms. For these patients, it is still controversial whether the constriction
results from the progression of acute pericarditis from a dry stage sequentially through an effusive, absorptive
and constrictive phase[71,72]. Moreover, when it progresses to chronic constriction, the etiologic Diagnosis may
be more impossible and the treatment only left pericardiectomy. Limited by the fibrosis pericardium for a
long time, the myocardial function may be impaired. The perioperative mortality rate is high even with
extracorporeal circulation while calcification has penetrated the myocardium causing a reconstruction of the
heart.

To date, little progress has made in our understanding of the immunopathogenesis of TBCP, especially ac-
companied by HIV, T2DM, and obesity. Neither a relatively inexpensive, rapid, accurate, and widely available
test has been developed, nor the determinants and drivers of TBCP have been understood, much less is the
pharmacokinetics and pharmacodynamics of anti-tuberculous drugs in both plasma and the pericardium and
their impact on short- and long-term outcomes. Therefore, there seems to be a long way to go[73].
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49. Carrascosa PM, Deviggiano A, Rodŕıguez-Granillo GA: Pericardial Disease. Clinical Atlas of Cardiac
and Aortic CT and MRI[M]. Switzerland: Springer,2019:309-326.

50. Zurick AO, Bolen MA, Kwon DH, et al: Pericardial delayed hyperenhancement with CMR imaging in
patients with constrictive pericarditis undergoing surgical pericardiectomy: a case series with histopa-
thological correlation. JACC Cardiovasc Imaging 2011:4(11):1180-1191.

51. Dong A, Dong H, Wang Y, et al: (18)F-FDG PET/CT in differentiating acute tuberculous from
idiopathic pericarditis: preliminary study. Clin Nucl Med 2013:38(4):e160-e165.

52. Kim MS, Kim EK, Choi JY, et al: Clinical Utility of [18F]FDG-PET /CT in Pericardial Disease. Curr
Cardiol Rep 2019:21(9):107.

53. Mutyaba AK, Ntsekhe M: Tuberculosis and the Heart. Cardiol Clin 2017:35(1):135-144.

10



P
os

te
d

on
A

u
th

or
ea

23
J
u
l

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

55
13

00
.0

93
04

08
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

54. Chang SA: Tuberculous and Infectious Pericarditis. Cardiol Clin 2017:35(4):615-622.
55. Shenje J, Ifeoma Adimora-Nweke F, Ross IL, et al: Poor Penetration of Antibiotics Into Pericardium

in Pericardial Tuberculosis. EBioMedicine 2015:2(11):1640–1649.
56. Metaxas EI, Kotsifas K, Tatsis G, et al: Tuberculous pericarditis: three cases and brief review. Monaldi

Arch Chest Dis 2010:73(1):44-50.
57. Ak K, Demirbas E, Atas H, et al: Results of pericardiectomy for constrictive pericarditis: Single-center

experience. Herz 2017:42(1):75-83.
58. Falzon D, Schünemann HJ, Zignol M, et al: WHO guidance on multidrug-resistant tuberculosis treat-

ment: using and communicating the evidence. Eur Respir J 2020:55(3):1902325.
59. World Health Organization: Guidelines for treatment of drug susceptible tuberculosis and patient care,

2017 update. Geneva, Switzerland: WHO, 2017.
60. Klopfenstein HS: The pathophysiology of pericardial disease–contributions derived from echocardio-

graphy/Doppler studies in animal models. Echocardiography 1990:7(1):5-9.
61. Tsui CY, Burch GE: Coxsackie virus B4 pericarditis in mice. Br J Exp Pathol 1971:52(1):47-50.
62. Matsumori A, Kawai C: Coxsackie virus B3 perimyocarditis in BALB/c mice: experimental model of

chronic perimyocarditis in the right ventricle. J Pathol 1980:131(2):97-106.
63. Reeves WC, Cunningham D, Schwiter EJ, et al: Myocardial hydroxyproline reduced by early adminis-

tration of methylprednisolone or ibuprofen to rabbits with radiation-induced heart disease. Circulation
1982:65(5):924-927.

64. Pandian NG, Skorton DJ, Kieso RA, et al: Diagnosis of constrictive pericarditis by two-dimensional
echocardiography: studies in a new experimental model and in patients. J Am Coll Cardiol
1984:4(6):1164-1173.
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Figure legends

Figure.1 Mind Mapping

This is the mind mapping of this review, and the review will introduce one by one according to the part
of the mind mapping. TBCP= tuberculous constrictive pericarditis, TB= tuberculosis, MDR= multidrug-
resistant, XDR= extensively drug-resistant, HIV= human immune-deficiency virus, T2DM= type 2 diabetes
mellitus, CP= constrictive pericarditis, TBP= tuberculous pericarditis.
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Figure.2 Stages of tuberculous pericarditis

This figure shows the pathophysiological process of tuberculous pericarditis and its final stage-constrictive
tuberculous pericarditis.

Figure.3 Basis of hemodynamic changes after constriction

The decreasing pressure is restricted to be transmitted to the pericardial cavity through the intrathoracic
when inhaling, and with a decrease of intrathoracic pressure. The constrictive pericardium makes the diastolic
function impaired, and lead to a difference of pressure between left atrial and pulmonary vein, which causes
a decreasing flow into the left ventricular. So we can see the shift of ventricular septum during the breathing.
LA= left atrium RA= right atrium, LV= left ventricle, RV= right ventricle, PV= pulmonary vein, P=
pressure.

Figure.4 Diagnostic ideas of TBCP

The diagnosis of TBCP is relatively difficult, here is a logic for diagnosis.

Table.1.Animal model of pericarditis or CP

Time Author Animal Factor Approach Pericarditis with or without constriction

1971 Tsui CY, Burch GE[61] mice Coxsackie virus B4 intraperitoneal The lesions tended to be focal but at times were fairly extensive. There were no specific sites of predilection. Acute pericarditis was present as early as 2 days after inoculation and after 8 weeks all lesions were replaced by dense fibrous scar tissue.
1980 Matsumori A, Kawai C[62] mice Coxsackie virus B3 intraperitoneal Marked perimyocardial fibrosis and calcification in the right ventricle within 3 months persisting up to 6 months after inoculation with Coxsackie virus B3. This animal model may provide an opportunity for studying the natural history of perimyocarditis of viral etiology including chronic or constrictive pericarditis in humans.
1982 W C. Reeves, et al[63] rabbit Radiation irradiated the hearts of rabbits Pericarditis without mentioned constriction
1984 N G. Pandian, et al[64] dog an irritant mixture consisting of tincture of iodine (20 ccs), Dakin’s solution (20 ccs), sterile talcum powder (l tablespoon) and tetracycline hydrochloric powder (l g) thoracotomy constrictive pericarditis happened in most of the experimental dogs
1986 Pagé PL[65] dog sterile talcum powder pericardiotomy It’s a pericarditis model without constriction.
1987 L V, Leak, et al[66] sheep Heat-killed staphylococci and Freund’s adjuvant sterile surgical procedures It’s an animal model of acute pericarditis and its progression to pericardial thickening and adhesions, however, not mentioned constriction or not.
2004 Marina Afanasyeva, et al[67] Wild-type and IFN-γ-KO BALB/c mice Mice received subcutaneous injections of 200 to 250 ug of CM emulsified incomplete Freund’s adjuvant (Sigma) on days 0 and 7 and intraperitoneal injection of 500 ng of pertussis toxin on day 0 subcutaneous injections and intraperitoneal injection The study suggested that IFN-γ deficiency promoted the severity of pericarditis by leading to both greater inflammation and increased fibrosis in the pericardium, which provided a novel animal model of constrictive pericarditis.
2007 Andre d’Avila, et al[68] swine underwent epicardial mapping and ablation after transthoracic subxyphoid puncture transthoracic subxyphoid puncture intense adhesion between the parietal and the visceral pericardium can be found in all control animals.
2009 Panupong Jiamsripong, et al[69] swine ethyl cyanoacrylate glue with 8-12stitches surgery It’s an animal model about constrictive pericarditis.
2016 L A Bokeriya, et al[70] rabbit Postoperative pericarditis in rabbits was modeled by exposure to a complex of aggressive factors: mechanical injury, drying, injection of talc particles and cotton fibers into the pericardial cavity, parietal pericardium suturing pericardiectomy Pericarditis with adhesions which may contribute to constriction.
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