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Abstract

Tuberculosis (TB) may cause significant long-term cardiorespiratory complications,
of which pulmonary vascular disease is most under-recognized. TB is rarely listed
as a cause of pulmonary hypertension (PH) in most PH guidelines, yet PH may
develop at various stages in the time course of TB, from active infection through to
the post-TB period. Predisposing risk factors for the development of PH are likely
multifactorial, involving active TB disease and post-TB lung disease (PTLD), host-
related and environment-related factors. Moreover, post-TB PH should likely be
classified in Group 3 PH, with the pathogenesis similarly complex and multi-
factorial as other Group 3 PH causes. Identifying risk factors that predispose to
post-TB PH may aid in developing risk stratification criteria for early identification
and referral for confirmatory diagnostic tests. Given that universal screening for
PH in TB survivors may be impractical and unfeasible, a targeted screening
approach for high-risk individuals would be sensible. In this scoping review of post-
TB PH, resulting from the proceedings of the 2nd International Post-Tuberculosis
Symposium, we aim to describe the epidemiology, risk factors, and pathophysiology

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.
© 2024 The Author(s). Pulmonary Circulation published by John Wiley & Sons Ltd on behalf of Pulmonary Vascular Research Institute.

Pulmonary Circulation. 2024;14:€12424.
https://doi.org/10.1002/pul2.12424

wileyonlinelibrary.com/journal/pul2 1 of 16


http://orcid.org/0000-0003-4385-2249
http://orcid.org/0000-0003-0813-7645
http://orcid.org/0000-0001-9131-7123
http://orcid.org/0000-0003-3336-5594
http://orcid.org/0009-0004-4859-4810
http://orcid.org/0000-0002-4801-2030
http://orcid.org/0000-0002-6839-5809
http://orcid.org/0000-0003-1817-1564
http://orcid.org/0000-0003-0421-2978
mailto:ehlouw@sun.ac.za
https://onlinelibrary.wiley.com/journal/20458940
http://creativecommons.org/licenses/by-nc/4.0/

2ol 16 Pulmonary Circulation

LOUW Er AL.

Open Access

KEYWORDS

INTRODUCTION

Over the last 5 years, 40 million people were treated for
tuberculosis (TB), which remains one of the leading
causes of death worldwide and contributes significantly
to the global burden of disease.! In 2021, there were an
estimated 10.6 million incident cases of TB, with
approximately 1.6 million deaths directly ascribed to TB."
TB disproportionately affects countries with lower
socioeconomic circumstances, with more than 90% of
incident cases occurring in low- and middle-income
countries (LMICs)."? Recent advancements in the diag-
nosis and treatment of TB have led to approximately 86%
of TB patients being treated." Although this figure is
somewhat reassuring initially, it is now appreciated that
increased morbidity and mortality may occur long after
the microbiological cure of the disease.® In 2020, there
were an estimated 155 million TB survivors worldwide,
of which most live in LMICs,* where constrained health
resources may limit adequate care of the vulnerable post-
TB population.®” Post-TB consequences have been esti-
mated to account for 47% (almost half) of the total bur-
den of disability-adjusted life years (DALYSs) attributed to
TB, resulting in a significant economic burden to soci-
ety.>®” In addition, the economically active sectors of the
population appear disporportinately affected, making the
cost of TB, both to individuals and society profound.*°

TB may cause significant long-term cardiorespiratory
complications, and pulmonary vascular disease in the form
of pulmonary hypertension (PH) is likely an under-
recognized TB complication, that is contributing to the
increased morbidity and mortality in TB survivors.*’
PH may develop at various stages in the time course of TB,
from active infection (active TB PH) through to the post-TB
period (post-TB PH). PH defined as a mean pulmonary
arterial pressure (mPAP) greater than 20 mmHg, measured
with right heart catheterization (RHC), is estimated to affect
approximately 1% of the global population.'*"'

Even mild PH is associated with increased mortality
and globally there is a drive toward earlier diagnosis and
treatment of PH."*"'* Given that the classic clinical signs

of post-TB PH. We emphasize diagnosing PH with an alternative set of diagnostic
guidelines in resource-constrained settings where right heart catheterization may
not be feasible. Research to describe the burden and distribution of post-TB
PH should be prioritized as there is a current gap in knowledge regarding the
prevalence and incidence of post-TB PH among persons with TB.

chronic lung disease, post-tuberculosis lung disease, pulmonary hypertension

of PH (right ventricular hypertrophy, loud P2, features
of right heart failure) appear late in the disease process
and RHC is often unavailable in under-resourced hos-
pitals in LMICs, other imaging and clinical criteria are
used as surrogate diagnostic tools for identifying PH,
resulting in post-TB PH being under-appreciated in the
global literature."”

This scoping review of post-tuberculous pulmonary
vascular disease, resulting from the proceedings of the
2nd International Post-Tuberculosis Symposium, aims to
describe the epidemiology, risk factors, pathophysiology,
screening, and diagnostic strategies, outcomes, and
research opportunities in the context of post-TB PH.

EPIDEMIOLOGY OF POST-TB PH

TB may influence the risk of PH at various stages in the
time course of TB, ranging from the acute-active infec-
tion through to the post-TB period. The development of
PH during active pulmonary TB (active TB PH) has long
been reported in the early TB studies,'®'” and the current
reported prevalence ranges from 8% to 27%.'%%* Active
TB PH may portend a poor prognosis, but in some cases,
may resolve during TB treatment and consecutive lung
parenchymal recovery, invoking a potentially reversible
acute pathogenesis.'®'%*?

Once the initial episode of TB has been treated and
symptoms of TB have resolved, post-TB PH may be detected
approximately 5-11 years thereafter.**® However, this
period vary significantly, with some studies detecting signs of
PH within 1 year post-TB and others reporting a mean
duration of 32 years.”>* This discordance can be attributed
to different subtypes or pathogenic pathways of post-TB PH;
with one that evolves from active pulmonary TB and then
either resolves or persists, while others are purely related to a
post-TB phenomena, develop years after the initial episode of
TB. In both scenarios, however, post-TB PH appears to
develop earlier in the course of the disease than PH due to
other chronic respiratory diseases (e.g., COPD).** Thus, it is
important for researchers to discriminate between active TB
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PH (i.e., developing during acute TB disease) and post-TB
PH (i.e., developing after treatment completion and resolu-
tion of TB symptoms).

In a large retrospective cohort study of inpatients with
acute TB, 9.7% (74/777) had PH based on echo-
cardiography.'® In high TB prevalence areas, PH was
found in 46%—89% of symptomatic patients with post-TB
lung disease (PTLD), many of whom had cor pulmo-
nale.”>* In a cross-sectional study among non-healthcare
seeking outpatients with prior TB, probable PH prevalence
was 16% based on screening echocardiography.?” In these
patients, no other known risk factors for PH were present,
and active TB was excluded, indicating a purely post-
infectious phenomenon.>>*’

Regardless, previous TB is rarely listed as a predis-
posing factor for PH, in the WHO or ESC/ERS guide-
lines."® This may be partly explained by both the
under-diagnosis of PH in LMICs and that most
PH literature arises from high-income countries, with
low TB burdens.””' Data from the Pan-African Pulmo-
nary Hypertension Cohort (PAPUCO) study demon-
strated that previous TB was identified in 20% proportion
of African patients with PH, and TB was the most com-
mon risk factor linked with PH independent of HIV
coinfection.”® Similarly, in studies from India, TB ap-
pears to be important in the etiology of PH, where
approximately 12%—15% of patients with PH had previ-
ous or current TB.>**> A recent meta-analysis of the
prevalence of PH post-TB found that the literature is
limited. This study found that the prevalence of PH post-
TB is high, particularly in those with chronic respiratory
failure (67.0%, 95% CI 50.8—81.4) or who are sympto-
matic or hospitalized (42.4%, 95% CI 31.3-54.0), and
lower in non-healthcare-seeking outpatients (6.3%, 95%
CI 2.3—11.8). Active TB PH was further estimated to
affect approximately 10% of the TB population.®*

Open Access

RISK FACTORS FOR THE
DEVELOPMENT OF POST-TB PH

It is important to identify the risk factors for developing
post-TB PH for several reasons. First, awareness of the
risk factors for post-TB PH may aid early identification
and referral for confirmatory diagnostic tests, thereby
allowing for a streamline of scarce screening
interventions. Second, risk factor identification may
provide clues about the pathogenesis of post-TB PH, with
a view to preventative and early intervention measures.
Several factors contribute to the development of post-TB
PH, but robust data is still lacking, and further work
needs to be done in this area. These risk factors, although
multifactorial, can be considered in three categories: TB-
and PTLD-related; host-related and environment-related
factors (Table 1).

TB-related and PTLD-related factors
TB-related factors

Multiple previous episodes of pulmonary TB is a risk
factor for the development of post-TB PH.>’ Progressive
and accumulative pulmonary decline have been docu-
mented with each sequential episode of pulmonary TB
and it is plausible that the impact of multiple TB episodes
on the pulmonary vasculature is additive if not ex-
ponential.>> A community-based cross-sectional study
among 100 non-healthcare-seeking subjects found the
odds for developing post-TB PH increased 2.13-fold (95%
CI 1.17-3.88; p=0.013) for each additional episode of
TB.>” Although a useful association, it should also be
noted that up to half of those with post-TB PH reported
only one episode of previous TB.?”-*

TABLE 1 Factors related to the development of post-TB pulmonary hypertension.

TB related and PTLD related
TB related

Number of episodes

Interrupted/incomplete treatment

Drug-resistant TB CTD

VTE event during active TB
Post-TB lung disease (PTLD)
Parenchymal damage

Pulmonary functional abnormalities

Host related
Age 40—60 years
Male sex

HIV infection

Diabetes mellitus

Environment related
Smoking

Biomass exposure
Occupational exposure
Socioeconomic circumstances
Illicit drugs

Medication

Abbreviations: CTD, connective tissue disease; HIV, human immunodeficiency virus; TB, tuberculosis; VTE, venous thromboembolic.
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Poor adherence to TB drugs has been associated with
an increased risk for the development of PH (OR 3.94,
p =0.03) and select studies have shown that 24%-43% of
patients with post-TB PH did not complete the course of
TB treatment.”****° Drug-resistant TB is often associated
with treatment delays, recurrent therapy, and lengthy
regimens with poor adherence and tends to cause more
severe pulmonary destruction and functional impair-
ment.*® As a result of these combined factors, people
with previous drug-resistant TB likely are at an increased
risk for post-TB PH. However, data on the association
between drug-resistant TB and post-TB PH is scarce, and
a significant correlation has not yet been established well
enough,® especially as many studies exclude patients
with multidrug-resistant or extreme drug-resistant TB,
and many patients may have deceased before developing
PH, however, this will change with the new shortened
all-oral treatment regimens for drug-resistant TB.?’

PTLD-related factors

Cavitation, parenchymal destruction, and fibrotic changes
have been found to be common among hospitalized patients
with PTLD and PH.*****®* In symptomatic post-TB
PH patients, fibro cavitation has been reported as the most
common radiological abnormality, present in 25%—50% of
patients, and PTLD-associated fibrotic changes have been
found to be more frequent in those with post-TB PH.****° It
should be noted that many patients (up to 40%) have a
combination of different PTLD-related clinical patterns and
these subjects appear to have a greater risk for post-TB PH.*

The increasing extent of the structural impairment
caused by PTLD correlates with the risk for developing post-
TB PH. Those with extensively damaged lungs (i.e., three or
more affected lobes) are more at risk (OR 3.49; 95% CI
1.58—7.73, p < 0.05) for PH.*>*® This is consistent with one of
the proposed mechanisms for the development of post-TB
PH, namely the destruction of the pulmonary bed and
reduced cross-sectional area of the pulmonary vasculature
are thought to result in increased pulmonary pressures.***

Although structural abnormalities likely contribute to
the development of post-TB PH, the presence of pulmonary
functional abnormalities may be equally important in pre-
dicting the onset of PH in PTLD. In hospitalized patients, the
detection of any abnormality at spirometry resulted in a
statistically significantly increased risk for post-TB PH.*
Interestingly, however, in a study of outpatients with previ-
ous TB, a third of those with probable PH had normal
spirometry and no correlation of lung functions with PH,
possibly implying that the mechanism in post-TB PH may be
more complicated than only the effects of lung destruction
and pulmonary function impairment”’ PTLD is

heterogenous and in keeping with this, a variety of pulmo-
nary functional abnormalities have been reported in post-TB
PH as well.*®> In a retrospective cohort study comparing
patients with COPD-related PH and post-TB PH, it was
found that those with post-TB PH had lower forced vital
capacity (FVC) than those with COPD PH, but less severe
airflow limitation.” Restrictive and mixed patterns
(obstructive pattern with reduced FVC) on spirometry have
been reported as the predominant functional pattern in pa-
tients with post-TB PH in several studies.”””**® When pa-
tients with PTLD and either small airway obstructive disease
or diffuse parenchymal fibrosis were compared, it was found
that those with the restrictive phenotype had higher pul-
monary pressures.”>>> It is also plausible that those with a
combined functional impairment, due to mixed fibrosis and
small airway disease in the context of PTLD, have a partic-
ularly heightened risk of post-TB PH, analogous to the
clinical entity combined pulmonary fibrosis with emphyse-
ma (CPFE).*

Venous thromboembolic (VTE) events during
the episode of TB

There is a known association between TB and throm-
boembolism,** and multiple mechanisms by which TB
predisposes to VTE events are documented. In retro-
spective studies of patients with thromboembolism in
TB-endemic countries, 12.5%—53% of VTE episodes are
associated with TB.**** Acute VTE predisposes to
chronic thromboembolic PH (CTEPH) and a retrospec-
tive cohort of 134 patients diagnosed with CTEPH from
Korea (a medium burden TB country) showed that 4.5%
had a history of TB.** Both in situ pulmonary thrombosis
during active TB, and documented VTE may increase the
odds of developing post-TB PH, however, more evidence
is needed to support this association. There is no pub-
lished data on the etiology and incidence of pulmonary
embolism where PTLD is the sole risk factor.*®

Host-related factors

Despite a wide variation in the age of patients presenting
with post-TB PH, the most affected and at-risk age cat-
egory is 40—60 years old.*"***%* Post-TB PH affects
people at a younger age compared to other respiratory
(Group 3) causes of PH such as COPD.***” This may
indicate a more rapid and aggressive pathophysiology in
patients with post-TB PH compared to the more steady
decline seen in patients with COPD.*” Males are a higher
risk for post-TB PH, which is in keeping with the male
predominant TB infection rates (60% of survivors being
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male), however, among patients with PTLD, males are up
to 2.55 times more likely to develop PH (p = 0.03).>#2%*°
This correlation is likely complex and multifactorial as
males are more likely to have other pulmonary risk fac-
tors (such as smoking and occupational exposure) and
have poorer adherence to TB treatment.'>

Given that approximately 7% of those diagnosed with
TB are people living with HIV (PLWH) on a global scale,
it is important to consider this comorbidity, in post-TB
PH.! Additionally, HIV is an acknowledged etiology of
pulmonary arterial hypertension (PAH, Group 1) and
may be etiological in up to 30% of PAH in high-burden
HIV settings.*"*® This confounding factor can make it
difficult to distinguish PAH-HIV from post-TB PH, with
some studies on the latter condition even excluding
PLWH.* However, PAPUCO study findings suggest that
HIV, in the presence of PTLD, should be considered
comorbid and not causative of the PH."> A plausible ex-
planation for this finding is that HIV-associated TB tends
to be associated with less lung destruction and appears
protective against extensive PTLD.”®

Patients with other specific comorbidities may be at a
higher risk for the development of post-TB PH. The presence
of comorbid autoimmune connective tissue diseases (CTD),
such as systemic sclerosis and systemic lupus erythematosus,
may increase the risk of post-TB PH.”“** For example
PH develops in approximately 20% of patients with systemic
sclerosis and patients with systemic sclerosis are more likely
to develop TB (IRR 2.81; 95% CI 1.36—5.37; p = 0.004).>**
Previous TB may increase the likelihood of PH in these
patients; however, the significance of this contribution is
largely unknown and likely to be only a small proportion of
overall post-TB PH cases.” Theoretically, the associated
vasculitis and endarteritis obliterans that may develop due to
TB heighten the risk for the development of PH in these
patients. In addition, TB has been associated with certain
autoimmune vascular diseases such as Takayasu's Arteritis.
In a retrospective study of 1105 patients with Takayasu's
Arteritis, 10% had previous TB, and pulmonary artery
involvement with PH was more frequent in Takayasu's
Arteritis associated with TB.>® Further, there is a well-
established link between diabetes and TB, and diabetes is
often uncontrolled in patients with TB. The confounding
effect of diabetes on post-TB PH is yet to be explored, but
these patients have a significant cardiovascular disease risk
and are at risk for more severe TB, which both may con-
tribute to a theoretically higher risk of post-TB PH.”

Environment-related factors

Environmental risk factors like biomass and occupa-
tional exposure of tobacco may contribute to the risk of

Open Access

PH progression in patients with PTLD and is context
specific. Smoking is a significant risk factor for the
development post-TB PH and in one study all subjects
with probable post-TB PH were either current smokers or
had a smoking history (OR 3.67; 95% CI 0.77—17.46).%’
Additionally, biomass exposure has been reported in up
to 23.3% of patients with post-TB PH,* and there is a
strong association between occupational dust exposure
and an increase in the risk for PTLD.?® In a retrospective
review over a 28-year period of the causes of death in
patients with pneumoconiosis, decompensated cor pul-
monale was most frequently observed in patients with a
combination of TB and silicosis.”’

The compounded effect of poor socioeconomic cir-
cumstances on PH is yet to be determined. Inadequate
food security with poor nutritional status and poor access
to adequate healthcare, together with the increased risk
of multiple environmental exposures and risk of recur-
rent TB, all add to a greater risk of the development of
PH in this vulnerable post-TB population.*>>® Lastly,
numerous medications (including traditional or herbal
medications) and illicit drugs (such as methampheta-
mines) may increase the risk for post-TB PH either
directly (by independently being associated with elevated
pulmonary pressures) or indirectly, such as predisposing
individuals to recurrent pulmonary TB.'%>

PATHOGENESIS AND
PATHOBIOLOGY OF POST-TB PH

Multiple mechanisms are likely involved in the patho-
genesis of post-TB PH, which can be described in broad
terms as vascular bed involvement, thrombosis, arterio-
pathy, compressive disease, and coexistent left heart
disease (Figure 1).

Loss of pulmonary vascular bed due to
parenchymal fibrosis/destruction/
obliterative bronchiolitis

Several proinflammatory and pro-fibrotic mediators, cyto-
kines, and cell types are involved in the development of
PTLD, including fibroblasts, myofibroblasts, transforming
growth factor (TGF-8), TNF, extracellular matrix (ECM)
proteins, IL-1f, IL-4, IL-13, IL-10, and MMP-1, 8, 9.9
PTLD is heterogenous and may include cavitation, fibrosis,
bronchiectasis, small-airways disease, airway stenosis, fi-
brosing mediastinitis (FM), and fibrothorax.®> Features of
fibrosis have been found in 70%—93% of patients with pre-
vious TB on CT imaging.®*** Furthermore, obliterative
bronchiolitis has been found to develop post-TB, and this can
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Multifactorial
mechanisms

Compressive disease
Mediastinal fibrosis
Lymphnode hyperplasia

Loss of vascular bed
Parenchymal fibrosis
Obliterative bronchiolitis

Pulmonary arteriopathy
Endothelial dysfunction
Intimal thickening
Muscular hyperplasia
Vasculitis
Vasoconstrictor/vasodilator
imbalance
Endothelin
Nitric oxide
Prostacyclin
Mutations - BMPR
Mitochondrial abnormalities
Inflammatory infiltrates

Thrombosis
Thromboembolism
Microthrombi
In-situ thrombosis

Left heart disease
Coronary vascular disease
Pericardial disease

FIGURE 1 Proposed mechanisms of post-TB pulmonary hypertension. PH, pulmonary hypertension; TB, tuberculosis.

lead to PH due to chronic hypoxia-induced pulmonary
vasoconstriction in addition to vaso-destruction and vaso-
obliteration.” Most data of PH complicating fibrotic lung
disease emanates from idiopathic pulmonary fibrosis (IPF)
literature where—interestingly—there seems to be a limited
correlation between the PH severity, lung function impair-
ment, and high-resolution CT fibrosis scores, which implies
more than fibrosis alone, (with corresponding loss pulmo-
nary vascular bed) is involved mechanistically.® In post-TB
PH vascular changes in areas of preserved architecture
may similarly contribute to the development of increased
pulmonary vascular resistance, as in other chronic lung
diseases "%

Thromboembolism/microthrombi/
in situ thrombosis

The risk of TB and thromboembolic disease can be risk
stratified into two phases of the illness. The initial phase is
during the active phase of treatment and the second phase
is as a complication of PTLD.** The pathogenesis in pa-
tients with active TB is multifactorial, affecting all three
aspects of Virchow's triad induced by the proinflammatory

state associated with active TB. These include enlargement
of lymph nodes which can lead to compression of venous
system and stasis coupled with active TB favouring bed rest,
limiting peripheral muscles contractions needed for venous
return from the lower limbs.®* A hypercoagulable state
induced by elevated plasma fibrinogen with impaired
fibrinolysis coupled with a decrease in antithrombin III and
reactive thrombocytosis with increased platelet aggregation
contributes to the pro-thrombotic state.”>”’> Furthermore,
chronic inflammation linked to the presence of Myco-
bacterium tuberculosis organism, and the use of rifampicin
as a TB drug promote direct endothelial inflammation.”
This procoagulant state promotes in situ pulmonary
thrombosis as well as pulmonary embolism from deep
venous thrombosis.”

Pulmonary arteriopathy

Pulmonary arteriopathy is a hallmark of constrictive (medial
and intimal remodeling) or multifocal complex (plexiform
and dilatative lesions) lesions that obstruct the pulmonary
arterial lumen.”* This is underpinned by the excessive pro-
liferation of pulmonary artery smooth muscle cells and their
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resistance to apoptosis.”> This process is linked with the
activation of a proliferative pathway that includes TGF- and
bone morphogenetic protein (BMP),”® reduced expression of
potassium channels,”” and Smad1/5/8.”® Furthermore, nor-
mal regulation of the metabolic state of key cells in the
pulmonary vessel is impaired and results in mitochondrial
dysfunction, which contributes to PH in experimental
models and patients.”” In concert, these factors lead to
increased vasoconstriction, increased apoptosis, and ex-
cessive proliferation of pulmonary artery endothelial cells.

The result of these pathophysiological processes, is pul-
monary arteriopathy comprising medial hypertrophy, inti-
mal thickening and eccentric intimal fibrosis.*’ The latter is
triggered by BMPR-2 and vascular endothelial growth factor,
which leads to endothelial-to-mesenchymal transition,
where mesenchymal cells self-transform into fibroblasts that
are responsible for the formation of fibrotic tissue/fibrosis.*
PTLD associates with cavitation that may progress to debil-
itating fibrosis,* while pulmonary fibrosis also predisposes
to the pathogenesis of PH, but it is not known to what extent
the TB-fibrotic process results in arteriopathy in the pul-
monary vascular bed.*®

Mediastinal fibrosis/compressive disease

FM, also known as sclerosing mediastinitis, is an insidious
and rare condition, with aggressive fibrosis of the medi-
astinum resulting in extrinsic compression of the medi-
astinal bronchovascular structures or viscera with a vari-
able natural history.**®** The postulated mechanism is that
infection with a microorganism in the respiratory tract
results in leakage of antigens from the lymph nodes into
the mediastinal space causing a hypersensitivity reaction,
followed by an intense, uncontrolled fibrotic response.***’
The development of fibrotic infiltrates which obliterate fat
planes have the potential to encase and compress medi-
astinal vascular structures resulting in PH as a severe
complication, although rare.®>*”*® Most commonly the
causal organism is said to be Histoplasma capsulatum with
TB also been described in some cases.*®® The prevalence
of TB fibrosing mediastinitis (TB-FM) is unknown; how-
ever, in China, most cases of FM are due to TB.2>%” The
pathogenesis of M. tuberculosis related FM has not been
reported, it is speculated to be similar to that of histo-
plasmosis as a trigger to FM.*> PH complicating MF has
been placed under Group 5 according to the World Health
Organization PH classification.*®*° PH secondary to FM is
clinically classified into three types, type 1 referring to FM
causing stenosis of the pulmonary arteries, type 2 referring
to causing stenosis of the pulmonary vein, and type 3
resulting in stenosis of pulmonary artery, vein, and
bronchus.®’

Pulmonary Circulation
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Left heart disease

It has been found that survivors of TB have an increased
risk of coronary vascular disease.”’ ™ TB may affect
cardiovascular disease risk by increasing systemic
inflammation, immune activation, hypercoagulability,
and dyslipidemia, promoting atherogenesis.”®*® It may
also have direct effects on the myocardium and pericar-
dium.” It is unknown to what degree this “post-
capillary” PH contributes to post-TB PH.

SCREENING, DIAGNOSIS, &
CATEGORIZATION

The rationale for screening for PH post-TB is not only of
scientific interest but also has important clinical impli-
cations due to the impact on quality of life, exercise
limitation, and outcomes of mortality. In the absence of
proven therapy, an argument can be made that screening
for post-TB PH will not be of benefit to the patient and
will consume already scarce resources in most high-
burden TB settings. However, as with other lung disease-
associated PH, screening and earlier diagnosis will have
an impact on research into the understanding of the
disease and the development of treatment strategies.
Due to the overlap of symptoms of PH with the PTLD, the
diagnosis of PH can be significantly delayed. Furthermore,
clinical signs, such as jugular venous distension, pedal
edema, and tricuspid murmur regurgitation only appear
late in PH and thus have poor sensitivity.'®

There is no single modality that accurately predicts
PH and a combination of tests in addition to clinical suspi-
cion should be used to decide which patients to screen for
PH and then to proceed to confirmation with RHC. Because
of limited access in LMICs, RHC for post-TB PH should be
reserved for patients in whom it will affect management,
including lung transplantation, initiation of vasoactive ther-
apy, and for research purposes. The sensitivity and specificity
of different screening modalities in patients with PTLD is
unknown and optimal thresholds for screening in PTLD is
also unknown, with further research needed to determine
the most appropriate context-specific screening algorithms.
Unfortunately, there may be important limitations to some
of these modalities in the setting of PTLD (Table 2).

Available screening modalities

Electrocardiography ECG

Many of the features of PH on ECG may be obscured due to
the concealment of the atrial and ventricular electrical forces
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TABLE 2 Sensitivity and specificity of different modalities in detecting pulmonary hypertension.

Modality Sensitivity (%) Specificity (%)
Clinical examination'® 53 95
ECG'H1? 6—48 79—100
Echocardiography!®*'°¢

RVSP 81-93 61-79
RVOT-AT 84 84

TRV pax > 2.9 m/s 83 91

CT SCan100’1077109

Enlarged PA/aorta ratio >0.9 65—74 81-83
PAD > 29 mm 55-79 70—-83
Biomarkers

BNP/Pro-BNP'**1° 76 61—80
Physiology

6MWD < 350m"* 78 90

HR recovery < 13 bpm'" 52 74
DLCO < 40%'% 72 71
Need for supplemental oxygen'® 85 55

Comments on the use in lung disease
Poor sensitivity, clinical features of PH occur late in the disease

Distorted anatomy in PTLD may lead to ECG features being
obscured
More readily available, noninvasive, inexpensive

Lower sensitivity in lung disease

Difficult acoustic windows may impair measurements

Fibrosis of the upper lobes in PTLD may give an impression of
PAD dilatation

Unsure of the use in post-TB patients

Accuracy in post-TB uncertain may be confounded by left heart
disease

Little equipment needed, reproducible, noninvasive

Diffusion studies not readily available, exact cut-off values
specific to post-TB not known

Advanced disease present

Abbreviations: BNP, brain natriuretic peptide; DLCO, diffusion capacity of the lungs for carbon monoxide; ECG, electrocardiogram; HR, heart rate; PA,
pulmonary artery; PAD, pulmonary artery diameter; PH, pulmonary hypertension; PTLD, post-tuberculous lung disease; RVOT-AT, right ventricular outflow
tract acceleration time; RVSP, right ventricular systolic pressure; TB, tuberculosis; TRV ,.x, maximal tricuspid regurgitant velocity; 6MWD, 6 min walking

distance test.

by underlying structural lung disease or hyperinflation.'"’
The low sensitivity of ECG makes it insufficient for screening
without complementary tests, but it is simple, more readily
available, noninvasive and inexpensive and, when used in
addition to other tests may be useful.'*'**

Transthoracic echocardiography (TTE)

The best screening tool for PH is TTE."'"* The maximal tri-
cuspid regurgitation velocity (TRVy.,) is used in most
studies for the estimation of pulmonary artery systolic
pressure (PASP), with current guidelines suggesting a cut-off
value of 2.9 m/s.""> With the recent lowering of cut-off values
of mPAP for PH diagnosis at RHC, there may be adjust-
ments of the cut-off used on TTE, but a recent study suggests
that this will reduce the positive predictive value."'* TTE has
its limitations in the setting of patients with lung disease,
with a lower sensitivity of 81% (95% CI 70%—88%)
and specificity of 61% (95% CI 53%—69%) in PH diagnosis,
compared to those without underlying lung disease.'**'"> In
up to 40% of patients an adequate doppler signal for

measuring tricuspid regurgitation cannot be obtained as lung
structural lung disease may impair acoustic windows, and an
estimation error of >15% is made.''"” Therefore, other
parameters besides PASP have been suggested, including
RV/LV basal diameter ratio >1.0, LV eccentricity index >1.1,
RVOT AT <105ms (pulmonary acceleration time) or
notching, early diastolic PA regurgitation velocity
>2.2m/s, PA diameter of >25mm, RA area >18 cm>, IVC
diameter of >21 mm and decreased IVC collapse, decreased
fractional area change, and tricuspid annular plane excur-
sion.'*!%*"8 The best sensitivity from an indirect measure-
ment is the RVOT-AT.'® This is measurable in more than
90% of patients, with a meta-analysis showing a pooled
sensitivity of 84% (95% CI, 75%—90%) and a pooled specificity
of 84% (95% CI, 78%—89%).%°

Radiology—CT

A large meta-analysis involving 2134 subjects, including
1268 subjects with PH from varying causes not only
involving underlying lung disease, showed a sensitivity of
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79% (95% CI 72%—84%); specificity, 83% (95% CI 75%
—89%) for pulmonary artery diameter (PAD) and sensi-
tivity, 74% (95% CI 66%—80%); specificity, 81% (95% CI
74%—86%) for PA/A ratio.'® Another meta-analysis
showed a sensitivity of 65% (95% CI 58%—72%) and
specificity of 83% (95% CI 80%—88%) for PA/A>1.'""
However, pulmonary artery dilatation can occur in the
presence of pulmonary fibrosis in the absence of PH,"'*'*
and in PTLD often there is significant fibrosis in the upper
lobes, leading to a lower specificity of 65% using the PA/A
ratio on CT in PTLD, as shown in a recent study.'*!

MRI

Cardiac MRI may be another noninvasive method to
establish a PH diagnosis, although not widely accessible,
especially in resource-poor settings. Measurement of the
ventricular mass index as a feature of PH has a sensitivity
and specificity of 84% (95% CI, 79%—87%) and 82% (95%
CI, 73%—89%), respectively.'**

Functional tests and biomarkers

A 6MWD test can be performed with little equipment, is
reproducible and an important noninvasive measure-
ment in risk stratification, outcome and treatment end-
points of PH.'® Additionally, abnormal heart rate
recovery at 1 min after the 6MWD test (less than 13 bpm)
has a negative predictive value of 82% for PH.''" The use
of 6MWD, brain-natriuretic peptide (BNP)/NT-proBNP
and WHO functional class correlate with risk of long-
term health outcome and morbidity and in combination
may be a good screening tool to use in deciding if further
investigations are needed.'*® Diffusing capacity of the
lungs for carbon monoxide (DLCO) can be impaired in
up to 79% of patients with previous TB,"** though values
of less than 40% accurately predict PH in patients with
other parenchymal lung disease.'*® There is currently no
data on the use of cardiopulmonary exercise testing
(CPET) parameters like VE/VCO, slope, oxygen pulse,
breathing, and circulatory reserve in post-TB disease.
One of the future directions may be additional mea-
surements like gas-exchange derived pulmonary vascular
capacitance during submaximal CPET in combination to
PASP on echocardiogram and FVC/DLCO ratio used to
predict PH.'*® Elevated NT-proBNP levels above
50 pg/mL have good accuracy to diagnose increased
pulmonary pressures and decreased RV function in pa-
tients with ILD."'° It is uncertain what the accuracy is in
patients with PTLD and importantly, BNP/NT-proBNP
can be confounded by coexistent left heart disease.

Open Access

In the absence of better data, we propose a screening
algorithm (Figure 2) for post-TB PH for resource-
constrained settings taking risk factors into account,
being aware that clinical signs and symptoms occur late
in the course of the disease and is not specific, using
other available testing modalities in conjunction in
deciding which patients should undergo echo-
cardiography to assess for the probability of PH. RHC
should only be considered if the diagnosis is uncertain,
where it will alter management, including lung trans-
plantation, initiation of vasoactive therapy, and for
research purposes.

Categorization of post-TB PH as Group 3 PH

As noted, and depending on precise pathophysiology,
patients with post-TB-PH can be classified into any of the
five WHO PH categories (Figure 1), although Group 4
PH needs to be excluded as treatment strategies may
involve surgery. Technically, the pathogenesis of post-TB
PH can be multifactorial and could be classified as Group
5 PH. However, we consider post-TB PH in Group 3, as
the majority of post-TB PH cases are likely to have
parenchymal involvement (chronic lung disease) as their
main disease mechanism and similar to the other causes
of Group-3 PH (e.g., IPF and COPD), the pathogenesis is
complex and multifactorial.

OUTCOMES

Patients with previously treated pulmonary TB have an
increase in all-cause mortality when compared to the
general population and cardiovascular disease has been
listed as the leading cause of death in people with pre-
vious TB.” Patients with extensive PTLD tend to have
reduced quality of life, an elevated risk of recurrent TB,
more frequent hospitalization, and an increased
respiratory-related mortality."*”'*° The contribution of
post-TB PH to morbidity and mortality in PTLD is cur-
rently unknown; however, it may predict worse out-
comes.” Data inferred from studies looking at chronic
lung diseases from other aetiologies suggest that the
development of PH is associated with increased mortal-
ity.”**'*! The mean time to death in those with
PH developing from other respiratory causes has been
documented as only 4 years and even shorter lifespans
are noted proportionally to the severity of the PH.'*?
Compared to PH from other Group 3 aetiologies (e.g.,
COPD), those with post-TB PH have a markedly higher
mortality rate (approximately threefold increase) com-
pared to those with PH from other Group 3 aetiologies
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Signs and symptoms
suggestive of PH/right heart failure

the disease

To note that signs and symptoms appear late in

Risk factors
TB factors
Residual lung damage
Comorbid CTD/HIV/Heart disease
Significant smoking history
Environmental exposures

v

Further tests — used in conjunction

ECG
Features of RVH
NTPro-BNP
> 50pg/ml
6MWD
<350m
Desaturation
HRR < 13bpm

Tests if available

CT scan
PA/A>1
PAD >29mm
DLCO
<40%
Decline > 15%
Worsening FVC/DLCO

4

Screening echocardiography ‘

Probability of PH high/intermediate
RHC

!

Treatment available
Uncertain PH category
Research

’ Probability of PH low ‘

\ 4

’ Follow-up ‘

FIGURE 2 Proposed screening algorithm in a resource-constrained setting. A, aorta; DLCO, diffusion capacity of the lungs for carbon

monoxide; ECG, electrocardiogram; FVC, forced vital capacity; HRR, heart rate recovery; NTpro-BNP, N-terminal pro-b-type natriuretic

peptide; PA, pulmonary artery; PAD, pulmonary artery diameter; PH, pulmonary hypertension; RHC, right heart catheterization; RVH,

right ventricular hypertrophy; TB, tuberculosis; 6MWD, 6 min walking distance test.

(e.g., COPD), potentially indicating a more aggressive
phenotype.'** In LMICs where resources are limited, late
diagnoses and limited available treatment options may
result in higher mortality rates for patients with PH.'*"*

PH is associated with worsened morbidity in patients
with PTLD. Patients with post-TB PH tend to have longer
hospital stays and an increase in hospital readmissions
than their counterparts without PH.*>"** Additionally, in
patients with PTLD, PH may increase the risk for acute
exacerbation of respiratory symptoms as well as the fre-
quency of exacerbations per year.” Moreover, the
development of PH may worsen functional capacity and
impede the quality of life in patients with PTLD."** In
patients specifically with TB-associated obstructive pul-
monary disease (small airway disease), PH was associ-
ated with poorer outcomes; however, the principle
prognostic determinant was the severity of the ventila-
tory impairment and not the PH.'*

The prognosis of post-TB PH may vary according to
the degree of PH. Severe PH is associated with a very
poor  prognosis (mean survival approximately
10 months), and patients with PTLD and right ventric-
ular failure predictably have a higher mortality.'**'*°
However, mild PH may also contribute to reduced sur-
vival.'*® More data is needed on whether other dis-
criminants such as age, 6MWD, and NT-proBNP can be
used to predict survival in patients with post-TB PH and
used for screening purposes.'*’

CONCLUSION AND FUTURE
RESEARCH DIRECTIONS

As the world advances toward eliminating TB, it is important
the be aware of the large number of global TB survivors still
facing a significant burden of complications from TB.
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Research regarding post-TB sequelae, particularly post-TB
PH, should be prioritized. The burden of post-TB PH on
communities is currently largely unknown but likely sub-
stantial. The prevalence needs to be accurately described
by studying large numbers of patients with previously
treated TB.

Emphasis should be placed on developing diagnostic
algorithms for diagnosing PH in resource-constrained
settings where RHC may not be available.® Given that
universal screening for PH in TB survivors may be
impractical and wunfeasible, a targeted screening
approach of high-risk individuals would be sensible. This
requires research into better understanding the degree to
which certain risk factors and cofactors contribute to the
development of PH in patients with previous TB. Clinical
scores, utilized with or without biomarkers, should be
investigated and validated to identify those with previous
TB who require follow-up and monitoring for the
development of post-TB PH.

Furthermore, studies are needed to determine the
duration from the incident episode of TB to the
development of PH, as this may have important
implications for long-term follow-up, screening, and
treatment. Mortality data on post-TB PH is also
needed, specifically considering whether PH predicts
reduced survival and whether this correlates to the
severity of the PH. Post-mortem studies may aid in
understanding the pathophysiology and pathobiology
of post-TB PH. Further research and understanding of
the pathophysiology are needed to accurately catego-
rize and describe post-TB PH and this may pave the
way for the development of therapeutic modalities
and interventions which could prevent the develop-
ment or delay the progression of PH in patients
with PTLD.
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