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Abstract

Background

Tuberculosis is the most common cause of pericarditis in Africa. The dual human immunodeficiency
virus (HIV)-tuberculosis epidemics are major contributors to the burden of extra-pulmonary

tuberculosis, including tuberculous pericarditis. Mortality rates remain unacceptably high.

Atrial fibrillation (AF) is the most common sustained arrhythmia encountered in clinical practice. It is
associated with increased cardiovascular mortality and morbidity, as well as complications related to

thromboembolic disease and haemodynamic instability.

Similarly, atrial flutter (AFL) is a common macro-reentry arrhythmia, often associated with AF and
its complications. While there is a recognized association between atrial fibrillation and / or atrial
flutter (AF/AFL) and tuberculous pericarditis, there are limited data regarding the prevalence,

determinants, natural history, and outcomes of AF/AFL in tuberculous pericarditis.

Hypothesis:

In patients with tuberculous pericarditis, AF/AFL is common, and when compared to
tuberculous pericarditis patients that are in sinus rhythm, is associated with increased

morbidity and mortality.

Aims

In participants with tuberculous pericarditis enrolled into the Investigation of the Management of

Pericarditis (IMPI) trial, we intend to:

1. Estimate the prevalence of AF/AFL
2. Describe the natural history of AF/AFL
3. Identify clinical, biochemical and, echocardiographic predictors of AF/AFL

4. Determine the clinical impact of AF/AFL

Study design



The study will be a retrospective study of serial electrocardiograms (ECGs) of the 1400 patients who
were enrolled in the IMPI trial. The study will compare patients with AF/AFL to those in sinus
rhythm. The primary aim is to determine whether patients with tuberculous pericarditis and AF/AFL

have worse clinical outcomes than those with tuberculous pericarditis and sinus rhythm.

The natural history of AF/AFL will be determined by reviewing ECGs over the course of the patients’
follow-up (ranging from 6 months to 48 months). The primary outcome will be a composite of death
(all-cause mortality), stroke (fatal and non-fatal) or thromboembolic event. Only clinically appreciable
thromboembolic events as determined in the IMPI trial will be assessed. The secondary outcomes of
interest are death, constrictive pericarditis, cardiac tamponade requiring pericardiocentesis and,

cardiovascular-related hospitalizations.

Data collection and analyses

Data captured using pre-existing standardized case report forms (CRFs) in the IMPI trial have been
stored in a central online repository called iDataFax. A specific CRF for ECGs will be designed to
record the ECG findings of patients in the study. Thus, the prevalence of AF/AFL will be determined
once all ECGs have been read. Outcomes of interest will be assessed and comparisons between
patients in AF/AFL and those in sinus rhythm will be made. Survival analyses curves will be plotted.
Furthermore, possible clinical, biochemical and echocardiographic risk factors will be determined by

means of logistic regression.



Background

Tuberculosis, caused by Mycobacterium tuberculosis, is the most common cause of pericarditis in
Africa'. The resurgence of tuberculosis, due to the human immunodeficiency virus (HIV) epidemic,
has led to an increase in the incidence of tuberculous pericarditis’. In sub-Saharan Africa, the overall

mortality due to tuberculous pericarditis is 18%".

Atrial fibrillation (AF) is the most common sustained arrhythmia encountered in clinical practice. It
can cause haemodynamic impairment and thromboembolic events that result in significant morbidity
and mortality®. The risk factors for AF include coronary artery disease, rheumatic mitral valve
disease, hypertension, cardiomyopathy, lung and pericardial disease. The pathophysiology of AF is
complex, involving electrical and structural remodeling of the left atrium’. Additionally, there is

mounting evidence to support the influence of inflammation in the pathogenesis of AF°.

After AF, atrial flutter (AFL) is the most important and most common atrial tachyarrhythmia. It is due
to a macro-reentrant atrial rhythm. Acute AFL may be complicated by haemodynamic instability and
myocardial ischaemia. Permanent AFL with a rapid ventricular rate may lead to a tachycardia-
mediated cardiomyopathy. There is also a risk of thromboembolisation ’. Risk factors for AFL are

similar to those for AF®.

There is a paucity of data regarding tuberculous pericarditis-associated atrial fibrillation and/or atrial
flutter (AF/AFL), specifically the true prevalence of AF/AFL, the natural history and, prognostic
significance of these arrhythmias in tuberculous pericarditis. The limited data describing the
association between AF/AFL and tuberculous pericarditis are in the form of case reports and small
observational studies. The estimated prevalence of AF in tuberculous pericarditis ranges widely from
1.2 to 69% . Studies of constrictive pericarditis have shown that the presence of pericardial
calcification and an increase in disease duration are determinants of AF'" ", The prevalence of AFL
in tuberculous pericarditis is not known. The determinants of AF/AFL in the other forms of

tuberculous pericarditis are largely unknown'*.
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Regarding the clinical impact of AF/AFL in tuberculous pericarditis, a non-significant trend towards
increased deaths in patients with tuberculous pericarditis complicated by AF, was noted in a small
observational study’. A recent review of pericarditis-associated AF/AFL made several cardinal
observations. Firstly, pericarditis causes atrial fibrillation in the absence of structural heart disease
and, it does recur in some patients with concomitant pericardial effusion. Secondly, pericarditis-
associated AF is a transient arrhythmia in acute and subacute pericarditis while persistent AF occurs
in chronic constrictive pericarditis. Lastly, the elevated CHA, DS, —VASc scores in patients with
pericarditis-associated AF suggest the need for oral anti-coagulant therapy. However, this is not
supported by the low rates of thromboembolic complications that have been seen thus far in

pericarditis-associated AF'.

Thus, there is a need for a large study addressing the prevalence, determinants, natural history and
clinical impact of AF/AFL in a large group of patients with tuberculous pericarditis such as that

comprising the Investigation and Management of Pericarditis (IMPI) trial.

The IMPI trial was a prospective multicenter, international, double-blind; placebo controlled
randomized trial, evaluating the effects of immunotherapy on clinically significant outcomes and
safety in tuberculous pericarditis. The trial had 1400 participants with suspected tuberculous
pericarditis who were followed up over a period of minimum 6 months to maximum of 48 months"’.
We plan to use the data collected in this trial to assess the prevalence, determinants, natural history

and impact of AF/AFL in patients with tuberculous pericarditis.
Hypothesis:

In patients with tuberculous pericarditis, AF/AFL is common, and compared to tuberculous
pericarditis patients that are in sinus rhythm, is associated with significant morbidity and

mortality.
Aims

In participants with tuberculous pericarditis enrolled into the IMPI trial, we intend to:
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1. Estimate the prevalence of AF/AFL
2. Describe the natural history of AF/AFL
3. Identify clinical, biochemical and, echocardiographic predictors of AF/AFL

4. Determine the clinical impact of AF/AFL

Methods

1. Study population
The study population will be the participants of the Investigation and Management of Tuberculous
Pericarditis in Africa (IMP]) trial. The IMPI trial was a prospective multicenter, international, double
blind; placebo controlled randomized trial, evaluating the effects of immunotherapy on safety and
clinically-important outcomes in tuberculous pericarditis. The trial recruited1400 participants with
tuberculous pericarditis and these participants were followed up over a period of minimum 6 months
to maximum of 48 months'”. Data captured using pre-existing standardized case report forms (CRFs)
in the IMPI trial have been stored in a central online repository called iDataFax. A specific CRF for
ECGs will be designed to record the ECG findings of patients in the study (appendix 1). We plan to
use the data collected in this trial to assess the prevalence, determinants, natural history and impact of

AF/AFL in patients with tuberculous pericarditis.

2. Definition and measurement of AF
2.1 Diagnosis of AF

Participants in the IMPI trial had ECGs done at enrolment (baseline ECG) into the study and (if
available) at 2 weeks, 4 weeks, 6 weeks, 3 months, 6 months, 12 months, 18 months, 24 months, 36
months and, 48 months. These ECGs were copied and stored in iDataFax. The ECGS will be printed
for analysis. AF will be diagnosed if an ECG shows fine oscillations of the baseline (fibrillation or f
waves) with no clear P waves and, an irregular QRS rhythm, irrespective of when it was done'®. AF
will be further sub-classified in accordance with the American College of Cardiology (ACC),
American Heart Association (AHA), and European Society of Cardiology (ESC) guidelines as

follows®:
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a. First detected AF: only one diagnosed episode of AF (based on our follow-up schedule
this translates to AF being present on only one ECG among patients with baseline ECGs).

b. Paroxysmal AF: recurrent episodes of AF that resolve spontaneously within 7 days (based
on our follow-up schedule this translates to AF being present on two or more non-
consecutive ECGs among patients with baseline ECGs).

c. Persistent AF: recurrent episodes of AF that last more than 7 days (based on our follow-
up schedule this translates to AF being present on two or more consecutive ECGs among
patients with baseline ECGs).

d. Permanent AF: an ongoing long-term episode of AF (based on our follow-up schedule
this translates to AF being present on all available ECGs among those with baseline
ECGs).

Analysis of serial ECGs done over the follow up period of 48 months, with sub-classification of AF as
defined above will allow both the prevalence and the natural history of AF in tuberculous pericarditis
to be described. Additionally, patients who are in sinus rhythm at baseline, but who on subsequent

ECGs demonstrate AF/AFL will be considered to have new onset AF/AFL.
The standard operating procedure for ECG interpretation is included in the appendix (appendix 2).

3. Definition and measurement of AFL
3.1 Diagnosis of AFL
AFL will be diagnosed if the ECG shows regular saw-tooth like atrial flutter (F waves)
between QRS complexes'®. By analyzing serial ECGs that were done over the 48-month
follow up period, the prevalence and natural history of AFL in tuberculous pericarditis will be
described.

4. Determination of the clinical impact of AF/AFL in tuberculous pericarditis
4.1 Primary outcome

The primary outcome will be a composite of death (all-cause mortality), stroke (fatal and non-

fatal) or thromboembolic events. These endpoints will be counted based on events recorded in
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the IMPI trial in accordance with the IMPI definitions and coding for hospitalization and
death’. Only clinically appreciable thromboembolic events as determined in the IMPI trial

will be assessed.
4.2 Secondary outcomes

The secondary outcomes will be death, constrictive pericarditis, cardiac tamponade requiring
pericardiocentesis and cardiovascular-related hospitalizations. These endpoints will be
counted based on events recorded in the IMPI trial in accordance with the IMPI definitions

and coding for these events’.

Identification of the predictors of AF/AFL

Logistic regression analysis will be used to determine factors associated with AF/AFL at

presentation and at follow-up. The factors that will be considered for analysis are:

a. Age in years
b. Sex:
- Male
- Female
b. Functional class
- NYHA (New York Heart association) I
- NYHAII
- NYHA I
- NYHAIV
c. Heart rate/minute
- <100
- >100
d. Systolic blood pressure in millimeters of mercury (mmHg)

e. Diastolic blood pressure in mmHg
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HIV status:
- Positive
- Negative
CD4 count if HIV positive
Creatinine
White cell count
Haemoglobin
Left ventricular systolic dysfunction: ejection fraction
- <35%,
- 35t045%
- 45t055%
Constrictive pericarditis (the definition used in IMPI is provided in the appendix)
. Size of pericardial effusion
- Small (<lcm)
- Moderate (1-2cm)
- Large (>2cm)
Cardiac Tamponade (the definition used in IMPI is provided in the appendix)
- Yes
- No
Tuberculous pericarditis diagnosis (the definition used in IMPI is provided in the
appendix)
- Definite

- Probable

6. Eligibility criteria

All patients in IMPI that had ECGs recorded will be screened for eligibility. Those that did not have

ECGs done will be excluded. For patients who had ECGs recorded, poor technical quality of ECGs

that render them uninterpretable will be an additional exclusion criterion. The rhythm of baseline and
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follow up ECGs of these patients will be analysed for the following rhythms: sinus, AF, AFL, ectopic
atrial rhythms, junctional rhythms, ventricular and, other supraventricular arrhythmias. Patients with

sinus rhythm, AF and AFL will be compared for the outcomes of interest.

Figure 1 below summarizes the study design.

Figure 1
1400 IMPI
patients
‘ Excluded
>
Analysed
patients
Sinus Other
AF/AFL Rhythm rhythms
7. Data extraction

Data captured using pre-existing standardized CRFs in the IMPI trial have been stored in a central
repository called iDataFax. The ECGs from iDataFax will be printed out for interpretation, following
which the findings will be recorded on the ECG CRF and then entered into iDataFax. For ECGs that
are not interpretable, the contributing sites will be asked to re-scan and re-enter the ECGs (using the
same allocation number as previously to avoid duplication of ECGs) into iDataFax. If the ECGs are
still uninterpretable, the sites will be asked to fax the ECGs to us in the conventional way.

8. Sample size
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This is a retrospective study and there is inadequate data from literature regarding power and effect
size. Thus all available data from all 1400 patients will be included in the analysis.

9. Analytic plan

Baseline characteristics will be compared for participants in AF/AFL versus sinus rhythm, as well as
comparison within the AF/AFL group stratified by rhythm status. The data will be reported as mean
and standard deviation (SD) for normally distributed continuous variables, median and interquartile
range (IQR) for non-normally distributed continuous variables, and, percentages for categorical
variables. The distributions of categorical variables will be compared using a chi square test or Fisher
exact test. Multiple group comparisons of medians will be done using the Kruskal-Wallis equality-of-
proportions rank test. The analysis of variance test will be used for multiple group comparisons of
means. Logistic regression analysis will be used to determine factors associated with AF/AFL at
presentation and at follow up. The variables to be considered for analysis include (Table 1): age, sex,
New York Heart Association functional class (NYHA), heart rate, systolic blood pressure, diastolic
blood pressure, human immune deficiency virus (HIV) status and CD4 count if positive, creatinine,
haemoglobin, white cell count, definite tuberculous pericarditis diagnosis or probable tuberculous
pericarditis diagnosis, left ventricular systolic dysfunction on echocardiography, presence of
constriction or cardiac tamponade and, the size of pericardial effusion when present, on
echocardiography. Covariates that are at least marginally associated with the endpoint of interest in
univariate analyses (p<0.10) and a priori clinical factors of interest will be included in these
multivariate models. Our findings will be reported as odds ratios (ORs) with 95% confidence intervals
(CIs). A p-value <0.05 will be considered significant. Time-to-event analyses will be done using

Kaplan-Meier curves.
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Table 1: Baseline characteristics of participants

Characteristics AF/AFL

Sinus Rhythm P value

Atrial Atrial flutter

fibrillation

Participants
Age in years
Sex
Male
Female

Functional class

- NYHAI

- NYHAII

- NYHAIII

- NYHAIV
Heart rate beats/minute

- <100

- >100
Systolic blood
pressure/mmHg
Diastolic blood
pressure/mmHg
HIV status

- Positive

- Negative
CD4 count cells/uL
Creatinine/pmolL™"
White cell count cells x
10°/L
Haemoglobin g/dL
Tuberculous pericarditis
diagnosis

- Definite

- Probable
Left ventricular ejection
fraction

- <35%

- 35-45%

- 45-50%
Constrictive pericarditis

- Yes

- No
Pericardial effusion

- Small effusion

- Moderate effusion

- Large effusion
Cardiac tamponade

- Yes

- No
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10. Bias

10.1  Selection bias

The selected participants will be those that had ECGs at baseline and at follow-up. Not all patients
had ECGs at baseline and not all patients had follow-up ECGs. As the reasons for non-performance of
ECGs may not be random (e.g. broken ECG machine, very ill patient requiring urgent intervention)
this is a potential source of bias.

10.2  Performance bias

Performance bias has been defined by Cochrane Methods as, “systematic differences between groups
in the care that is provided, or in exposure to factors other than the interventions of interest.”'’ There
are no interventions being offered in this study. Furthermore there is no risk of differential treatment
of participants in either study arm. Therefore, there will be negligible performance bias.

10.3  Attrition bias

The IMPI trial had a low loss to follow-up rate. At the time this document was initially written only
26 of the 1400 participants (0.02%) had been lost to follow up. Unfortunately not all participants had
the full complement of 11 ECGs. This has the theoretical potential to bias the determination of the
natural history of AF/AFL, as under detection of these arrhythmias may occur. This potential bias
arising from non-performance of some ECGs has been outlined above and is an anticipated limitation.
10.4  Detection bias

Detection bias is unlikely for several reasons. Firstly, strict definitions of AF and AFL will be used.
Secondly, the ECG reader is blinded from the ECG diagnosis because the follow up ECGs will be
read at a different time from the baseline ECGs and thus the reader will be unaware of whether the
baseline ECG showed AF/AFL or sinus rhythm. Additionally, the ECG reader will also be blinded
from the clinical data. A second ECG reader will be asked to review difficult or complex ECGs.
However, detection bias is not completely avoidable given that subclinical episodes of AF/AFL
cannot be detected in a study of this nature as there is no extended continuous rhythm monitoring.
Subclinical AF has been shown to be associated with an increased risk of ischaemic stroke or
systemic embolism in patients whose atrial rhythms have been monitored by pacemakers'®.

11. Confounding variables
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The major confounding variables include age, sex, human immunodeficiency virus (HIV) status and
treatment thereof and multi-organ TB. These variables will be measured and will be dealt with in the

analysis by stratification and regression models.

Strengths of the study

This is the largest study of AF/AFL in patients with pericarditis'*. This study addresses a problem of
major public health importance. The research question addresses unknown areas of tuberculosis and
will thus determine the prevalence of AF/AFL in tuberculous pericarditis, its natural history as well as

the clinical impact of these arrhythmias in a large study population.

Limitations
The anticipated limitations include missing or uninterpretable ECGs, difficult ECGs and the presence
of confounding variables that have an independent risk of causing AF/AFL such as valvular heart
disease, hypertension and cardiomyopathy. The process of dealing with illegible and missing ECGs
has been described above. For difficult ECGs e.g. AFL with bundle branch block that appears like
ventricular tachycardia, the second ECG reader, a cardiologist will assist with making the ECG

diagnosis.

Ethical considerations

This is a sub-study of a trial that has been granted ethical approval and there will be no patient
contact or additional interventions performed. Ethics approval for this study has been granted by the
Human Research Ethics Committee of the Faculty of Health Sciences at the University of Cape Town
(HREC/REF: 598/2014). A copy of the ethics approval letter has been included in the appendix.
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Appendices

Appendix 1. ECG CRF

IMPI Trial ECG Shuttle Form

DataFax #128 Plate #084

Medication Kit number

PARTICIPANT ID#‘ ‘ ‘ ‘ H

Center number

Participant Initials

F ML
Please indicate when the attached ECG was done:

Dateof ECG | | | | || |
vear  month  dav [] Baseline ] 6 weeks [] 18 months
(] 2 weeks ] 3 months ] 24 months
Person Completing Report : [ ] 4 weeks [ ] 6 months [ ] 36 months
inifials

[ ] 12 months
Please attach the ECG report here and fax to the Project Office.

[ ] 48 months

1. Date of ECG:‘ ‘ H ‘ H ‘ ‘ 2.ECG qllalir}‘:D uninterpretable || 12 Lead ECG [ |rhythm strip [ other
year  month day (salect one)
3. Rate 4. Rhythm Ectopic Atrial Rhythm[ | Tunctional Rhythm ]
I:I:I:‘ bpm Sinus []  AtrialFlutter [ ] Ventricle [ ]

Atrial Fibrillation D Other SVT D
5. PR Segment
PR interval I:I:I:‘ ms I II IMI AVR AVF AVL V; V, 'V, Vy Vs Vg
PR elevation NOyDOD » OO0 OO O 0O00O0 OO0 O
PRdepression N[V — [ [ O OO OO O OO O OO O
6. QRS
duration D:I:’ ms RBBB [ | LBBB []
I II III AVR AVF AVL V; V, Vi Vy Vs Vi
meoolaee  n[Jy[] - O O O O O OOOO O O
desicalabenion x[vy[] —» [0 0 0 O O OO 0O O O O
7. ST-T wave segments I T TI AVR AVF AVL Vi Vi V3 Vg Vi Vs
peaked T waves A o I s I oy e I B O B e A
inverted T waves Ny — O O O N I Y e O A O
sSTsemmenmtelevaed N[ JY[] e [ [ [0 O 0O O 0O O OO O O
sTsegmentdepression N[ v [] —e [ [ [ 0 [ 0O O O OO 0O OO O
T wave alterations vOvD = O O O O OO OO0O0O0Oog d

8. QTc

Person completing

normal D prolonged [ ]

shortened D

the form

Date Completed | | | | | | | | |

Name

year

month

day

Investigation of the Management of Tuberculous Pericarditis

24

Version 6.1 dated 2015 JUL 17



Appendix 2

ECG Interpretation - Standard Operating Procedure

1. ECG initially read and interpreted at site of ECG recording.

2. Independent review of the above ECG by a physician blinded from the initial ECG diagnosis.

3. Comparison of ECG diagnoses in steps 1 and 2.

4. Ifthe ECG diagnoses are congruent, the diagnosis is accepted for capture into the database
and for analysis.

5. Ifthere is a discrepancy between the site ECG diagnosis and the physician ECG diagnosis,
the ECG in question is to be marked as “difficult” and referred to a cardiologist for final
arbitration.

6. Additionally, if in step two, the physician is uncertain of the ECG diagnosis, the ECG will

also be labelled as “difficult” and referred to a cardiologist for interpretation.

25



Appendix 3. IMPI definition of pericardial constriction'

1. a) Echo evidence of an absent or small pericardial effusion, and a structurally and
functionally normal heart (Ejection Fraction>50%)

PLUS any 4 NEW clinical features:

b) Palpable pulsus paradoxus

c¢) Jugular venous pressure > 4 cm

d) Pericardial knock or early third heart sound

e) Sudden instantaneous split of the second heart sound on inspiration

f) Peripheral oedema

g) Hepatomegaly

h) Ascites

OR

2. a) Echo evidence of an absent or small pericardial effusion, and a structurally and
functionally normal heart (EF>50%)

PLUS any 2 NEW clinical features:

b) Palpable pulsus paradoxus

c) Pericardial knock or S3

d) Sudden instantaneous split of S2 in inspiration

e) Peripheral oedema

f) Hepatomegaly
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g) Ascites

PLUS 2 of the following:

h) New pericardial thickening >3mm

i) Early diastolic septal bounce

j) Exaggerated septal shift toward left ventricle with inspiration

k) Doppler evidence of reduced early mitral flow with onset of inspiration or reciprocal effect

on tricuspid flow

1) Dilated inferior vena cava (with reduced inspiratory collapse)
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Appendix 4. IMPI definition of cardiac tamponade'

1. a) New or persistent moderate to large pericardial effusion

PLUS 2 of the following NEW clinical findings:

b) Heart rate > 90

¢) Systolic blood pressure < 100 mmHg

d) Pulsus paradoxus > 10 mmHg

e) Jugular venous pressure > 4 cm

OR

2. a) Clinical deterioration with new or persistent echo confirmed moderate to large
pericardial effusion

PLUS 1 of the following:

b) Swinging heart

c) Right or left ventricular diastolic collapse

d) Greater than 25% variation in mitral flow velocities with respiration

e) Dilated Inferior Vena Cava > 21 mm with less than 40% collapse
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Appendix 5. IMPI diagnostic categories of tuberculous pericarditis'

Category

Description

Definite tuberculous

pericarditis

Tuberculosis diagnosis confirmed on a pericardial
sample based on finding acid and alcohol fast
bacilli on microscopy, positive microbiological
culture for Mycobacterium tuberculosis, presence
of caseating granulomata on histology, or

positive nucleic acid test (tissue or fluid)

Probable tuberculous
pericarditis — tuberculosis

proven elsewhere

Pericardiocentesis performed but no evidence of
definite tuberculous pericarditis: presence of a
lymphocytic pericardial exudate with elevated
adenine deaminase (ADA) activity > 40IU/L

or

Pericardiocentesis not performed: A Tygerberg
TB

Pericarditis Diagnostic Index Score > 6 and
other causes of pericarditis have been excluded
and

Proven tuberculosis on a non-pericardial sample
(e.g.,sputum, pleural fluid, lymph node, urine,

and gastric lavage.)

Alternate (nontuberculous)

cause of pericarditis

Evidence of probable tuberculous pericarditis
with or without pericardiocentesis, but an
alternate non-tuberculosis diagnosis was

confirmed after randomization
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Introduction

In regions such as sub-Saharan Africa where Mycobacterium tuberculosis (M. tuberculosis) is
endemic, tuberculosis is the most common cause of pericarditis affecting 80,000 — 160,000 people per
year" A large South African prospective study of pericardial effusions reported that 69.5% of patients
had tuberculosis and over 50% of the participants were infected with the human immunodeficiency
virus (HIV)>. In contrast to the pre-HIV era where the pericardium was only involved in 1% of people
with tuberculosis, tuberculosis is the cause of pericardial effusion in over 85% of HIV-infected
persons that have a pericardial effusion . The dual HIV-tuberculosis epidemics have led to an
increase in incident cases of tuberculous pericarditis in sub-Saharan Africa. One reason for this is that
the immune deficiency caused by HIV raises the lifetime risk of tuberculosis from 10%, to an annual

risk of between 10 and 30%.".

Tuberculous pericarditis is associated with significant morbidity and mortality. In sub-Saharan Africa,
the overall mortality due to tuberculous pericarditis is 18%. In spite of appropriate anti-tuberculous
therapy and adjunctive steroids, 4 to 6% of patients with tuberculous pericarditis develop constrictive

pericarditis, one of the most feared complications of the disease”’.

Atrial fibrillation (AF) is the most common sustained arrhythmia encountered in clinical practice. It
can cause haemodynamic impairment and thromboembolic events that result in significant morbidity
and mortality’. There is emerging data to support the association between inflammatory disorders and
AF’. In a recent review of pericarditis-associated AF several pertinent observations were made®.
Firstly, pericarditis causes atrial fibrillation in the absence of structural heart disease and, it does recur
in some patients with concomitant pericardial effusion. Secondly, in acute and subacute pericarditis,
AF is transient, with persistent AF occurring more frequently in chronic constrictive pericarditis.
Thirdly, the temporal relationship between recurrences of pericarditis with associated AF as well as
emerging evidence to support the role of inflammation in the development of AF puts the spotlight on
inflammatory pathways as a mechanism for the development of AF. Thus therapies directed towards

specific anti-inflammatory targets may have a role in the prevention and treatment of AF. Lastly, the
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elevated CHA,DS, —VASc scores in patients with pericarditis-associated AF suggest the need for oral
anti-coagulant therapy. However, this is not supported by the low rates of thromboembolic
complications that have been seen thus far in pericarditis-associated AF*. The occurrence of AF as a
consequence of tuberculous pericarditis has seldom been studied and, there are no large prospective

studies of the prevalence, natural course and impact on prognosis of AF in tuberculous pericarditis.

After AF, atrial flutter (AFL) is the most common atrial tachyarrhythmia. AFL can cause harm by
impairing cardiac output and by encouraging atrial thrombus formation that can lead to systemic
embolization’. The occurrence of AFL as a consequence of tuberculous pericarditis has not been
studied and, there are no large prospective studies of the prevalence, natural course and impact on

prognosis of AFL in tuberculous pericarditis.

The combination of AF and/or AFL and tuberculous pericarditis in one patient is, in theory, a
malignant combination that would be detrimental to the survival and quality of life of the patient. This
chapter will review AF/AFL and tuberculous pericarditis, with specific focus on the prevalence,

determinants, natural history and, impact of these two arrhythmias in tuberculous pericarditis.
Search strategy

A comprehensive literature search was performed by using electronic bibliographic databases (i.e.
MEDLINE, Scopus, Web of Science, Google Scholar, Clinical Key, Clinical Evidence and Cochrane
Library) using the following keywords: arrhythmia, atrial fibrillation, atrial flutter, electrocardiogram,
pericarditis, constrictive pericarditis, tuberculosis, tuberculous pericardial effusion, tuberculous
pericardial constriction, tuberculous pericarditis and, cardiovascular tuberculosis. Studies with
AF/AFL and pericarditis were retrieved without restriction to language. This search strategy yielded
20 references: 13 observational studies, 6 case reports and, 1 editorial from May 1, 1967 to May 29,

2015. There were a total of 2,046 patients, of which 829 had tuberculous pericarditis.
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Prevalence of tuberculous pericarditis-associated AF/AFL

The first and, to date, the only prospective study of the prevalence, correlates and natural history of
AF in tuberculous pericarditis was done by Syed et al. This group studied the rhythm on 12-lead
electrocardiography (ECG) of 80 patients with tuberculous pericarditis, at diagnosis of tuberculous
pericarditis, as well as on serial ECGs done during a 6 month follow up period. 25% of their patients
had AF. There was a rapid reduction in the prevalence of AF during the follow up period, with 84% of
cases resolving within the first 2 weeks and complete remission in all cases by 6 months'’. They did

not report on the occurrence of AFL.

The largest study that was found in the literature is by Chowdhury et al. They performed a clinical,
echocardiographic and haemodynamic evaluation of two surgical techniques in 395 patients that had
undergone pericardiectomy for constrictive pericarditis. Tuberculous pericarditis was reported to be
the cause of constriction in 351/395 (89%) of their patients. They found AF in 18% of their

cohort''. They did not report on what percentage of those with AF had tuberculous pericarditis. They

did not report on the occurrence of AFL.

Overall, the prevalence of AF in tuberculous pericarditis varies widely from 1.2 to 69%'%"’. The
prevalence of AFL in tuberculous pericarditis is unknown. The major limitation of these earlier
studies is their small sample sizes and this explains the wide range in prevalence. The occurrence of
AFL as a consequence of tuberculous pericarditis has been reported in case studies™ ~**but, there are

no large prospective studies of the prevalence of AFL in tuberculous pericarditis.
Risk factors for tuberculous pericarditis-associated AF/AFL

The risk factors for AF in the general population include older age, hypertension, diabetes, heart
failure and valvular heart disease (Figure 1) . Furthermore, there is mounting evidence linking
inflammation to the development of AF”®*_ In acute pericarditis, AF/AFL has occurred on a

background of older age, hypertension and left atrial enlargement™.
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A number of risk factors for tuberculous pericarditis-associated AF have been identified. Syed et al
found that echocardiographic left ventricular systolic dysfunction and elevated levels of N-terminal
pro-brain natriuretic peptide (NT-proBNP) were independently associated with AF'’. Rezaian et al
found that in patients with constrictive pericarditis, the presence of pericardial calcification and
increasing disease duration are associated with a higher chance of developing AF (odds ratio [OR],
7.87; 95% CI, 1.73-35.78, p=0.008). It was observed that with each year of increase in disease
duration, the risk of developing AF increased by 27%'%. The limitations of this study are that they had

a small sample size of 44 patients of whom only 13 (29%) had tuberculosis.

The determinants of AFL in tuberculous pericarditis are unknown.

Figure 1: Risk factors for atrial fibrillation by country. Abbreviations: HTN, hypertension; DM,
diabetes mellitus; CAD, coronary artery disease; HF, heart failure; VHD, valvular heart disease;

RHD, rheumatic heart disease®.
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Natural history of tuberculous pericarditis-associated AF/AFL

The natural history of AF in tuberculous pericarditis is complete resolution of the arrhythmia in six
months, with treatment of tuberculous pericarditis with anti-tuberculous chemotherapy (Figure 2).
This pattern of resolution of AF has been attributed to specific treatment of the underlying

inflammatory condition .

Proportion of

patients in AF
(%)
30 4
25 (n=20)

25 1
20 4
15 4
10 1

g 4

0

Baseline 2 weeks 2 months € months

Figure 2. Natural history of atrial fibrillation in patients with tuberculous pericardial effusion'.

In contrast, in a recent study of acute pericarditis-associated AF, which had a total of 822 cases, of
which 23 were tuberculous pericarditis, 74.3% of the arrhythmias resolved, but the recurrence rate
was high (35%)**. Interestingly, AF recurred in association with pericardial effusion**, and this

association is thought to support a causal link between inflammation and AF®.
Prognosis of tuberculous pericarditis-associated AF/AFL
AF in the general population is associated with embolic stroke, heart failure, myocardial infarction,

dementia, chronic kidney disease as well as increased morbidity and mortality®*>*. In a large cohort
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of patients with acute pericarditis-associated AF/ AFL, no cases of stroke or transient ischaemic attack

(TIA), peripheral embolism or deaths were recorded during the 30-month follow up period™*.

Information on the impact of AF on the prognosis of patients with tuberculous pericarditis has come
from surgical studies of constrictive pericarditis. Bozbuga et al studied 36 patients who had undergone
pericardiectomy for constrictive tuberculous pericarditis. This group found that pre-operative AF was
a significant negative predictor of survival'®. Similarly, Chowdhury et al, in the study described
above, also found that pre-operative AF was a significant risk factor for death in patients undergoing
pericardiectomy for constrictive pericarditis''. Srivastava et al studied subtotal pericardiectomy via
sternotomy for constrictive pericarditis. They also identified pre-operative AF as being a significant
predictor of poor outcome'*. Unfortunately, their study did not define what was meant by “poor
outcome’. In a recent South African retrospective study Mutyaba et al studied total and subtotal
pericardiectomy for constrictive pericarditis but they did not find AF to be a predictor of post-
operative mortality'’. Syed et al found that in patients with tuberculous pericardial effusion, there was
a non-significant trend towards an increased death rate in the AF group'’. The small nature of this
study has been highlighted. Further research focusing on a large group of patients with tuberculous
pericarditis needs to be to done to assess the impact of AF/AFL on death and thromboembolic events

in this setting.
Conclusion

Tuberculous pericarditis is a common condition that is associated with significant morbidity and
mortality. AF and AFL are common arrhythmias that have a significant clinical impact. The
combination of these arrhythmias with tuberculous pericarditis appears to have a marked negative
effect on survival in patients undergoing pericardiectomy for constrictive pericarditis due to
tuberculosis. While the prevalence of AF in tuberculous pericarditis appears to be high, the prevalence
of AFL in the same setting is unknown. Pericardial calcification and increased disease duration are
predictors of AF in constrictive pericarditis. The predictors of AFL in constrictive pericarditis are

unknown. Left ventricular systolic dysfunction and elevated levels of NT-proBNP are determinants of
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AF in tuberculous pericardial effusion. The determinants of AFL in tuberculous pericardial effusion
are not known. Although resolution of AF in tuberculous pericarditis with treatment of the underlying
tuberculous has been suggested as the natural course of this arrhythmia, this finding has yet to be
validated in a large study. The natural course of AFL in tuberculous pericarditis is not known. In
constrictive pericarditis, the presence of AF is a negative predictor of survival. The influence of AF in
other forms of tuberculous pericarditis needs to be elucidated. The impact of AFL in tuberculous

pericarditis has not been studied.

There is therefore a paucity of data regarding the clinical epidemiology of AF/AFL associated with
tuberculous pericarditis. This highlights the need for large studies in which the relationships between

these conditions are evaluated, in populations where these three conditions are common.
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Abstract

Background— The prevalence, determinants, natural history and clinical impact of atrial fibrillation
and atrial flutter (AF/AFL) in patients with tuberculous pericarditis are largely unknown. Using data
from the Investigation of the Management of Pericarditis (IMPI) trial we sought to evaluate these

parameters.

Methods and Results— Serial electrocardiograms of 1160 patients enrolled in the IMPI trial were
analysed. Patients diagnosed with AF/AFL were compared to those in sinus rhythm (SR). The
primary outcomes were a composite of all-cause mortality, stroke and thromboembolic events. The
prevalence of AF/AFL was 5.8% [atrial fibrillation (AF) - 5.2%; atrial flutter (AFL) - 0.6%] of which
1.2% was persistent/permanent AF. Independent predictors of AF at baseline were older age (odds
ratio [OR], 1.030; 95% CI, 1.017-1.053, p=0.001) and New York Heart Association functional class
(NYHA) I and IV (OR, 1.759; 95% CI, 1.06 - 2.917, p=0.028). AF/AFL was less likely to occur in
females (OR, 0.543; 95% CI, 0.311- 0.947, p=0.013). AF/AFL resolved in 98.8% of patients by 12
months. There was no difference in the composite of all-cause mortality, stroke or thromboembolic
events at 12 months (AF/AFL event rate - 22.7% versus SR event rate - 20.3%, p=0.356). AF/AFL
patients had significantly higher cardiovascular-related hospitalisations - [proportions: AF/AFL, 5/71
(7%) versus sinus rthythm 15/1148 (1.3%), p<0.0001] and, cardiovascular-related deaths -

[proportions: AF/AFL, 3/67 (4.5%) versus sinus rhythm, 6/1039 (0.6%), p=0.012].

Conclusions— AF/AFL occurs in 5.8% of patients with tuberculous pericarditis; is associated with
older age, greater dyspnoea and male gender and, has no impact on the composite of death, stroke and
thromboembolism. It is associated with greater cardiovascular-related hospitalisations and deaths. It

tends to resolve and women are protected against its development.

Key words: arrhythmia; death; electrocardiography; fibrillation; pericardium

46



In regions such as sub-Saharan Africa where Mycobacterium tuberculosis (M. tuberculosis) is
endemic, tuberculous pericarditis is the most common cause of pericarditis affecting 80,000 — 160,000
people per year"->. A large South African prospective study of pericardial effusions reported that
69.5% of patients had tuberculosis and over 50% of the participants were infected with the human
immunodeficiency virus (HIV)®. Tuberculous pericarditis is associated with significant morbidity and

mortality. In sub-Saharan Africa, the overall mortality due to tuberculous pericarditis is 18%".

Atrial fibrillation (AF) is the most common sustained arrhythmia encountered in clinical practice.
Haemodynamic impairment and thromboembolic events related to AF result in significant morbidity,
mortality, and cost’. There is emerging data to support the association between inflammatory
disorders and AF® Furthermore, anti-inflammatory therapy has been shown to ameliorate the

condition’.

There is a paucity of data regarding tuberculous pericarditis-associated atrial fibrillation and/or atrial
flutter (AF/AFL), specifically the true prevalence of AF/AFL, the natural history and, prognostic

significance of these arrhythmias in tuberculous pericarditis.

In a recent large study of the natural history of atrial fibrillation and atrial flutter in acute pericarditis,
in a population with a low prevalence of tuberculosis, AF/AFL was found in 4.3% of patients®. In an
observational study of AF in tuberculous pericardial effusion (sample size = 80), 25% of patients had
AF’. A study of clinical, echocardiographic and haemodynamic associations of two surgical
techniques in 395 patients that had undergone pericardiectomy for constrictive pericarditis found
tuberculous pericarditis to be the cause of constriction in 351/395 (89%) patients. AF was seen in 18%
of patients'’. The authors did not report on what percentage of those with AF had tuberculous
pericarditis nor did they state whether AF developed during the acute inflammatory phase of illness or
following established constriction. Overall, the prevalence of AF in tuberculous pericarditis varies
widely from 1.2 to 69%'®. A major limitation of these studies is that they either had small numbers

of patients with tuberculous pericarditis or AF was not the main focus of investigation.
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After AF, atrial flutter (AFL) is the most common atrial tachyarrhythmia. AFL can cause harm by
impairing cardiac output and by encouraging atrial thrombus formation that can lead to systemic
embolization'®. The occurrence of AFL as a consequence of tuberculous pericarditis has been reported
in case studies® *' but, there are no large prospective studies of the prevalence, natural course and

impact on prognosis of AFL in tuberculous pericarditis.

In a recent review of pericarditis-associated AF several pertinent observations were made®. Firstly,
pericarditis causes atrial fibrillation in the absence of structural heart disease and, it does recur in
some patients with concomitant pericardial effusion. Secondly, in acute and subacute pericarditis, AF
is transient, with persistent AF occurring more frequently in chronic constrictive pericarditis. Thirdly,
the temporal relationship between recurrences of pericarditis with associated AF as well as emerging
evidence to support the role of inflammation in the development of AF puts the spotlight on
inflammatory pathways as a mechanism for the development of AF. Thus therapies directed towards

specific anti-inflammatory targets may have a role in the prevention and treatment of AF*.

The aim of this study was to prospectively evaluate the prevalence, determinants, natural history and,
impact of AF/AFL in patients with tuberculous pericarditis that were enrolled in the Investigation of
the Management of Pericarditis (IMPI) trial. Our hypothesis was that in patients with tuberculous
pericarditis, AF/AFL is common, and compared to tuberculous pericarditis patients that are in sinus

rhythm, is associated with increased morbidity and/or mortality.
Methods
Study Population and Study Design

The participants of the IMPI trial comprised the study population. The IMPI trial was a prospective
multicentre, international, double blind; placebo controlled randomized trial that evaluated the effects
of immunotherapy on clinical outcomes and safety in tuberculous pericarditis. The IMPI trial had
1400 participants with tuberculous pericarditis who were followed up over a period of minimum 6
months to a maximum of 48 months™. Being an IMPI trial sub-study, this was an exploratory post hoc
analysis. Ethics approval was obtained from the Human Research Ethics Committee in the Faculty of

48



Health Sciences, at the University of Cape Town (HREC/REF: 598/2014). Patients that had ECGs
recorded were screened for eligibility while those without ECGs or those with uninterpretable ECGs
were excluded. Baseline and follow up ECGs of these patients were analysed for the following
rhythms: sinus, AF, AFL, ectopic atrial rhythms, junctional rhythms, ventricular and, other
supraventricular arrhythmias. Comparisons were made between those patients with AF/AFL and those
with sinus rhythm. The primary outcomes considered during follow up were a composite of all-cause
mortality, stroke and, thromboembolic events. Only clinically appreciable thromboembolic events as
determined in the IMPI trial were assessed. The secondary outcomes were death, constrictive
pericarditis, cardiac tamponade requiring pericardiocentesis and, cardiovascular-related

hospitalization - detailed definitions of the outcomes were provided in the IMPI trial®.

Logistic regression analysis was used to determine factors associated with AF/AFL at presentation
and at follow up. The baseline features that were included in this analysis are: age, sex, New York
Heart Association functional class (NYHA), heart rate, systolic blood pressure, diastolic blood
pressure, human immune deficiency virus (HIV) status and CD4 count if positive, creatinine,
haemoglobin, white cell count, definite tuberculous pericarditis diagnosis or probable tuberculous
pericarditis diagnosis (as defined in the IMPI trial®), left ventricular systolic dysfunction on
echocardiography, presence of constriction or cardiac tamponade (as defined in the IMPI trial*), and,

the size of pericardial effusion when present on echocardiography.
ECG Analyses

Participants had ECGs done at enrolment (baseline ECG) into the study and (if available) at 2 weeks,
4 weeks, 6 weeks, 3 months, 6 months, 12 months, 18 months, 24 months, 36 months and, 48 months.
These ECGs were copied and stored in an online central repository called iDataFax. The ECGs were
printed from iDataFax for analysis. AF was diagnosed if an ECG showed fine oscillations of the
baseline (fibrillation or f waves) with no clear P waves and, an irregular QRS rhythm, irrespective of
when it was done®*. AF was further sub-classified in accordance with the American College of

Cardiology (ACC), American Heart Association (AHA), and European Society of Cardiology (ESC)
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guidelines as follows’: First detected AF (only one diagnosed episode of AF: based on our follow-up
schedule this was defined as AF present on only one ECG among patients with baseline ECGs)
;paroxysmal AF (recurrent episodes of AF that resolve spontaneously within 7 days: based on our
follow-up schedule this was defined as AF present on two or more non-consecutive ECGs among
patients with baseline ECGs); persistent AF (recurrent episodes of AF that last more than 7 days:
based on our follow-up schedule this was defined as AF present on two or more consecutive ECGs
among patients with baseline ECGs); and permanent AF (an ongoing long-term episode of AF: based
on our follow-up schedule this was defined as AF present on all available ECGs among those with

baseline ECGs).

AFL was diagnosed if the ECG showed regular saw-tooth like atrial flutter (F waves) between QRS
complexes™. By analysing serial ECGs that were done over the 48-month follow up period, the

prevalence and natural history of AF/AFL in tuberculous pericarditis was described.
Statistical Analysis

STATA version 13.1 was used for data analysis. Baseline characteristics were compared for
participants in AF/AFL versus sinus rhythm, as well as comparison within the AF/AFL group
stratified by rhythm status. The data were reported as mean and standard deviation (SD) for normally
distributed continuous variables, median and interquartile range (IQR) for non-normally distributed
continuous variables, and, percentages for categorical variables. The distributions of categorical
variables were compared using a chi square test or Fisher exact test. The distributions of continuous
variables by systolic blood pressure, diastolic blood pressure and creatinine were compared using the
Kruskal-Wallis equality-of-proportions rank test. The analysis of variance test was used to compare
distributions of age, white cell count and haemoglobin. Logistic regression analysis was used to
determine factors associated with AF/AFL at presentation and at follow up. The variables that were
considered for analysis included: age, sex, New York Heart Association functional class (NYHA),
heart rate, systolic blood pressure, diastolic blood pressure, human immune deficiency virus (HIV)

status and CD4 count if positive, creatinine, haemoglobin, white cell count, definite tuberculous

50



diagnosis or probable tuberculous diagnosis, left ventricular systolic dysfunction on
echocardiography, presence of constriction or cardiac tamponade and, the size of pericardial effusion
when present, on echocardiography. Covariates that were at least marginally associated with the
endpoint of interest in univariate analyses (p<0.10) and a priori clinical factors of interest were
included in these multivariate models. Our findings are reported as odds ratios (ORs) with95%
confidence intervals (Cls). A p-value <0.05 was considered significant. Time-to-event analyses were

done using Kaplan-Meier curves.

Results

Baseline characteristics

A total of 1160 patients were analysed (Figure 1). AF/AFL was found in 67/1160 (5.8%) patients [AF
60/1160 patients (5.2%); AFL 7/1160 patients (0.6%)]. Baseline characteristics of the study
population are reported in Table 1. Patients with AF and AFL were older than those in sinus rhythm
[mean values (SD): AF, 43.9 (16.5); AFL, 51.8 (13.7) versus SR, 38.5 (13.2), p=0.0005]. AF and AFL
groups had more males than the sinus rhythm group, [percentages: AF, 70%; AFL, 71.4% versus SR,
56% p=0.007]. Creatinine values for AF and AFL patients were significantly higher than for those in
sinus rhythm [median values (IQR): AF, 85 (67 — 97), AFL, 105 (78 — 132) versus SR, 74 (60 — 90),
p=0.001]. No significant differences were found in other baseline features or when comparing AF and
AFL patients (supplementary table S1). Comparison was also made between the included and
excluded patients. This showed that included patients had more diagnoses of constrictive pericarditis
(percentages: included patients, 48.5% versus excluded patients, 23.3%, p <0.0001), larger pericardial
effusions (percentages: included patients, 70% versus excluded patients, 57.1%, p <0.0001) and more
episodes of cardiac tamponade (percentages: included patients, 58.9% versus excluded patients,

47.5%, p=0.006) than those that were excluded (supplementary table S2).

Natural history of AF/AFL

AF/AFL declined dramatically in patients that had AF/AFL at baseline, over the follow-up period
(Figure 2). First detected AF was seen in 60/1160 (5.2%) patients; paroxysmal AF was observed in
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60/1160 (5.2%) patients; persistent AF was seen in 5/1160 (0.4%) and, permanent AF was noted in
9/1160 (0.8%). At the end of the study 113 of the initial 1160 patients who had had baseline ECGs

had ECGs done at 48 months. Of these 1/113 (0.9%) had AF/AFL.

Impact of AF/AFL

There was no significant difference in incidence rate of the composite of death, stroke and
thromboembolic events in the AF/AFL group compared to the sinus rhythm group (Figure 3) — (12
month event rates: AF/AFL, 22.7% versus sinus thythm, 20.3% , p=0.356).There were no significant
differences in the individual outcomes of death (Figure 4) — (12 month event rates: AF/AFL, 16.6%
versus sinus rhythm,13.5% , p=0.217); constriction (Figure 5) — (12 month event rates: AF/AFL,
3.5% versus sinus rhythm, 6.8% , p=0.274) and, cardiac tamponade (Figure 6) — (12 month event
rates: AF/AFL, 3.4% versus sinus thythm, 3.5% , p=0.218). Patients in AF/AFL had a significantly
higher proportion of cardiovascular-related deaths than those in sinus rhythm (Table 2) —
[proportions: AF/AFL, 3/67 (4.5%) versus sinus rhythm, 6/1039 (0.6%), p=0.012]. AF/AFL patients
compared to those in sinus rhythm had a significantly higher proportion of cardiovascular-related

hospitalisations — [proportions: AF/AFL, 5/71 (7%) versus sinus rhythm 15/1148 (1.3%), p<0.0001].

Factors associated with AF/AFL

Multivariate logistic regression analysis revealed older age (odds ratio [OR], 1.030; 95% CI, 1.017-
1.053, p=0.001) and NYHA III and IV (OR, 1.759; 95% CI, 1.061-2.917, p=0.028) to be
independently associated with AF at presentation. Female sex (OR, 0.543; 95% CI, 0.311- 0.947,
p=0.013) was protective against AF at presentation (Table 3). In multivariate logistic regression
analysis at all time points, older age (OR, 1.064; 95% CI, 1.034-1.095, p<0.0001) and NYHA III and
IV (OR, 2.297; 95% CI, 1.065-4.951, p=0.034) were independent predictors of AF. Increased time
spent in the study (OR, 0.867; 95% CI, 0.820-0.920, p<0.0001) was found to be protective against the

development of AF (Table 4).
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Discussion

In this study, we evaluated the largest cohort of tuberculous pericarditis-associated AF/AFL. The
prevalence of AF was 5.2% while that of AFL was 0.6%. Patients with AF/AFL were older than those
in sinus rhythm and were predominantly male. Older age and poorer NYHA functional class were
both independently associated with AF at presentation, and predictive of development of AF in
patients with tuberculous pericarditis. Female sex was protective against AF at presentation and, on
follow-up, increased duration of being in the study in addition to female sex was protective against the
development of AF. The burden of AF/AFL decreased during follow-up but did not completely
resolve. In terms of outcomes, the rates of the composite of mortality, stroke and thromboembolic
events, as well as the endpoints of constrictive pericarditis and cardiac tamponade did not differ
significantly between the two groups. However, AF/AFL patients had significantly higher proportions

of cardiovascular-related hospitalisations and deaths.
Prevalence of tuberculous pericarditis-associated AF/AFL

Previous studies have reported the prevalence of AF in tuberculous pericarditis to range widely from
1.2 to 69%°'®. However, the major limitation of these earlier studies is their small sample sizes and
this explains the wide range in prevalence. Therefore the prevalence of 5.8% determined by our study
is more representative as it was a large study that had an excellent follow-up rate with the primary-
outcome status known for 97.9% of patients*. Contemporary data on the epidemiology of AF in sub-
Saharan Africa show the prevalence of AF in this region to be in the range of 0.7 — 5.5%.The
reported prevalence of AF in Australia, Europe and the USA in adults is 1 — 4 % and in individuals
over the age of 80, it rises to more than 13%°. In our study population, given its demographics of age,
sex, functional class, HIV status etc. we did not find the prevalence of tuberculous pericarditis
associated -AF to be as high as 70% but closer to the figures reported for both sub-Saharan Africa and

the European acute pericarditis- associated AF group® .

We believe our finding of the prevalence of 0.6% for AFL in tuberculous pericarditis to be the first

report of the prevalence of AFL in a large group of patients with tuberculous pericarditis.
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Risk factors for tuberculous pericarditis-associated AF/AFL

The risk factors for AF in the general population include older age, hypertension, diabetes, heart
failure and valvular heart disease®. In acute pericarditis, AF has occurred on a background of older
age, hypertension and left atrial enlargement™ **. Previously reported determinants of AF in
tuberculous pericarditis include: left ventricular systolic dysfunction, elevated levels of N-terminal
pro-brain natriuretic peptide (NT-proBNP), pericardial calcification and, increasing disease duration”
' 18 n the larger cohort that we had, we found that older age is a predictor of AF just as it is in the
general population, despite a relatively lower mean age of less than 50 years. Poor NYHA functional
class is the clinical surrogate for NT-proBNP, but we did not find left ventricular systolic dysfunction
and pericardial calcification to be associated with AF. It is likely that in our larger cohort, more
patients had preserved left ventricular function. We did not measure NT-proBNP. In cardiac
tamponade, diastolic ventricular filling and ultimately, cardiac output become dependent on atrial
systole”’. Thus the association between poor NYHA functional class and AF in tuberculous
pericarditis is significant as it suggests the loss of atrial systole due to AF, in these patients.
Interestingly, female sex was protective to the development of AF (at baseline and on follow-up). One
explanation for the impact of gender on AF is that women have a higher age of onset of AF*® and thus
the fact that the mean (SD) age of AF patients in our study was 43.9 (16.5) is consistent with our
patients being relatively young. This combination of young patient age and female sex leading to less

AF is a unique finding.
Death, stroke, thromboembolic events, constriction and cardiac tamponade

AF is associated with embolic stroke, heart failure, myocardial infarction, dementia, chronic kidney

. . .. ., 25.26.29
disease as well as increased morbidity and mortality> **

. In a large cohort of patients with acute
pericarditis-associated AF/ AFL, no cases of stroke or transient ischaemic attack (TIA), peripheral
embolism or deaths were recorded during the 30-month follow up period®. In the first prospective

study of the prevalence, correlates, and natural history of AF in patients with tuberculous pericarditis,

rates of deaths were not significantly increased in the AF group nor were any cases of stroke
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recorded’. While we did not find a difference in the composite of deaths, stroke and thromboembolic
events in patients with AF/AFL compared to those in sinus rhythm, we found that the rates of
cardiovascular-related hospitalisations and deaths were higher in the AF/AFL group. This is
hypothesis generating, however, the absolute numbers of these events were small and the exact

aetiology of the cardiovascular deaths was not determined.
Natural history of tuberculous pericarditis-associated AF/AFL

In tuberculous pericarditis, the major burden of AF/AFL occurs at presentation and rapidly reduces
over time. By 48 months less than 2% of tuberculous pericarditis patients are affected. This is unlike
acute pericarditis-associated AF, where recurrence rates exceed 30% °. Increased duration spent in the
study was protective against the development of AF. Patients in the IMPI trial exhibited good
compliance to anti-tuberculous therapy” and the decrease of AF with time suggests a response to
treatment and a decrease in the inflammatory burden. As noted by others’, this finding corroborates
mounting data that support the association between inflammatory disorders and AF®’. The anti-
inflammatory impact of the corticosteroids that patients in the prednisolone arm of the trial received,
on the natural history of AF is difficult to determine in a post hoc review of this nature. The question

would be best answered by a study powered to determine the effect of steroids.
Study Limitations

Our study has some limitations. Firstly, being a post hoc review, the study is hypothesis generating,
particularly with regard to the influence of inflammation given that no specific markers of
inflammation such as C-reactive protein were measured. The study was able to answer the crucial
question of the true prevalence of AF/AFL in tuberculous pericarditis and shed light on associated risk
factors, the natural history and clinical impact of these arrhythmias. Secondly, patients with
confounding variables that have an independent risk of AF such as valvular heart disease,
hypertension and cardiomyopathy were not excluded. However, given the small number of
participants with AF/AFL overall, it is likely that the contribution of such variables was limited if

present. Thirdly, 240/1400 patients either did not have an ECG recorded or did not have a technically
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acceptable one and therefore some cases of AF/AFL might have been missed. We compared the
included and excluded patients and found that the included patients had more outcomes than those
excluded for evaluation, thus the contribution of missed AF/AFL is likely to be minimal. It is possible
that based on the frequency of ECG recording in the study some episodes of paroxysmal AF could
have been missed but it is reassuring that the AF group did not have increased rates of stroke or
thromboembolic events to support this theory. An additional limitation is that detection bias is not
completely avoidable given that subclinical episodes of AF/AFL cannot be detected in a study of this
nature as there is no extended continuous rhythm monitoring. Subclinical AF has been shown to be
associated with an increased risk of ischaemic stroke or systemic embolism in patients whose atrial
rhythms have been monitored by pacemakers®’. Despite this limitation very few thromboembolic
events were recorded. Another limitation is that assumptions were made about the true nature of AF
i.e. first detected, paroxysmal, persistent and permanent AF, in order to meet the ACC/AHA/ESC
guidelines. Lastly, comprehensive echocardiographic evaluation (which was not done in the IMPI
trial), including parameters such as left atrial volumes indexed for body surface area and left atrial

filling pressures would have been ideal to make additional associations.
Conclusions

This is to-date, the largest study of prevalence, determinants, natural history and impact of AF/AFL in
patients with tuberculous pericarditis. Tuberculous pericarditis-associated AF/AFL has a frequency
not dissimilar to that seen in epidemiological studies of AF in sub-Saharan Africa and in acute
pericarditis in Europe. It tends to resolve with only a minority having persistent or permanent AF.
AF/AFL was associated with more cardiovascular-related hospitalizations and deaths but did not
influence rates of thromboembolic disease. The predictors of AF were not different to traditional risk
factors including older age and poor NYHA class. Males are more likely to develop tuberculous-

pericarditis associated AF/AFL.
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Figure Legends:

Figure 1. Flow chart for analysis of patients.

“other supraventricular arrhythmias [44/1160 (3.8%)] and ventricular rhythms [1/1160 (0.1%)]

Figure 2. Proportion with AF/AFL by month of visit

baseline 2 4 6 6 12 18 24 36 48
weeks | weeks | weeks | months | months | months | months | months | months

Total 1160 971 957 | 1012 898 682 565 443 250 113
No. with
AF/AFL 68 17 16 11 5 6 4 3 2 1
Proportion
with 0.059 | 0.018 | 0.017 | 0.011 | 0.004 | 0.009 | 0.007 | 0.007 | 0.008 0.009
AF/AFL

Figure 3. Kaplan-Meier analysis of the composite by rhythm status.

6 month event rate: AF/AFL — 22.7% versus Sinus Rhythm (SR) — 17.8%

1 year event rate: AF/AFL — 22.7% versus SR —20.3%

Figure 4. Kaplan-Meier analysis of death by rhythm status.

6 month event rate: AF/AFL — 16.6% versus SR — 10.5%

1 year event rate: AF/AFL — 16.6% versus SR — 13.5%

Figure 5. Kaplan-Meier analysis of constrictive pericarditis by rhythm status

6 month event rate: AF/AFL — 3.5% versus SR — 3.6%
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1 year event rate: AF/AFL — 3.5% versus SR — 6.8%
Figure 6. Kaplan-Meier analysis of cardiac tamponade by rhythm status
6 month event rate: AF/AFL — 6.7% versus SR — 6.7%

1 year event rate: AF/AFL — 3.4% versus SR —3.5%
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Table 2. Deaths

Characterististics AF/AFL Sinus P value
Total deaths — no. (%) 14/67 20.9 180/1093 16.5 0.346*
Stroke —no. (%) 0/67 0.0 2/1093 100.0 1.000"
Thromboembolic events | 0/67 0.0 8/1093 100.0 1.000
—no. (%)

Cardiovascular related 3/67 4.5 6/1093 0.6 0.012"

death — no. (%)

*Pearson chi square test

"Fisher’s exact test




Table 3. Logistic regression analysis for factors associated with atrial fibrillation at baseline

Characteristic

Univariate analysis

Multivariate analysis

Odds ratio P-value Odds ratio P-value
(95%CI) (95% CI)
Age 1.030 <0.0001 1.030 0.001
(1.014-1.047) (1.017-1.053)
Sex (female) 0.545 0.027 0.543 0.013
(0.319-.0.933) (0.311-0.947)
Functional class
NYHA III - IV 1.734 0.031 1.759 0.028
(1.052-2.859) (1.061-2.917)
Heart rate (>100 beats/minute) 0.847 0.796
(0.516-1.389)
Systolic blood pressure/mmHg 1.004 0.580
(0.990-1.018)
Diastolic blood pressure/ 0.999 0.901
mmHg (0.979-1.018)
HIV positive 0.784 0.367
(0.462-1.330)
CD4 Count cells/uL
CD4 200-350 1.188 0.784

(0.347-4.073)
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CD4 50-200 1.162 0.794
(0.378-3.574)
CD4 0-50 1.288 0.703
(0.351-4.728)
Creatinine/ pmol L™ 1.002 0.193
(0.999-1.005)
Haemoglobin g/dL 1.111 0.052 1.027 0.667
(0.999-1.234) (0.911-1.157)
White cell count cells x 10”/L 1.046 0.299
(0.961-1.138)
Left ventricular ejection
fraction 0.903 0.936
35-45% (0.076-10.808)
0.859 0.885
45-50% (0.110-6.710)
Pericardial effusion
Medium (1-2¢m) 1.917 0.404
(0.416-8.826)
Large (>2cm) 2.899 0.145

(0.693-12.12)

Cardiac tamponade
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Yes 0.652 0.173
(0.352-1.206)
Constrictive pericarditis
Yes 0.939 0.827
(0.532-1.656)
TBP diagnosis
Probable 0.948 0.866

(0.507-1.770)
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Table 4. Logistic regression analysis for factors associated with atrial fibrillation (all time points)

Characteristic

Univariate analysis

Multivariate analysis

Odds ratio P-value Odds ratio P-value
(95%CI) (95% CI)
Time’ 0.858 <0.0001 0.867 <0.0001
(0.808-0.911) (0.820-0.920)
Age 1.067 <0.0001 1.064 <0.0001

(1.040-1.094)

(1.034-1.095)

Sex (female)

0.490 0.073

(0.224-1.068)

0.549 <0.0001

(0.246-1.223)

Functional class

NYHA III-1V 2.597 0.017 2.297 0.034
(1.184-5.695) (1.065-4.951)
Heart rate (>100 0.897 0.778
beats/minute) (0.420-1.914)
Systolic blood 1.008 0.458
pressure/mmHg (0.987-1.030)
Diastolic blood 0.997 0.838
pressure/mmHg (0.967-1.028)

Creatinine pmol L™

1.006 0.045

(1.000-1.0128)

1.003 0.343

(0.997-1.010)

Haemoglobin g/dL

1.234 0.014

(1.043-1.460)

1.047 0.624

(0.873-1.255)

White cell count cells x

10°/L

1.023 0.742

(0.892-1.174)
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HIV positive 0.529 0.129
(0.233-1.204)
CD4 count cells/uL
CD4 200-350 1.848 0.438
(0.391-8.723)
CD4 50-200 1.688 0.470
(0.408-6.987)
CD4 0-50 1.688 0.541
(0.315-9.036)
Left ventricular ejection
fraction 0.778 0.912
35-45% (0.009-66.680)
0.789 0.903
45-50% (0.017-35.701)
Pericardial effusion
Medium (1-2cm) 1.690 0.566
(0.281-10.150)
Large (>2cm) 2.731 0.233

(0.523-14.253)
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Cardiac tamponade

Yes 0.463 0.121

(0.175-1.226)

Constrictive pericarditis

Yes 0.950 0.911

(0.387-2.333)

TBP diagnosis

Probable 0.74 0.535

(0.286-1.914)

"Time refers to every 1 month period spent by a participant in the study
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Supplementary table S1. Baseline characteristics by AF and AFL rhythm status

Characteristics AF/AFL P value
Atrial fibrillation Atrial flutter
Participants- no. (%) 60/67 89.6 7/67 10.5 -
Age in years — no. mean | 60/60 43.9 (16.5) 7/7 51.8(13.7) 0.114"
(SD)
Sex —no. (%) 0.938"
Male 42/60 70.0 5/7 71.4
Female 18/60 30.0 2/7 28.6
Functional class — no. (%) 0.434
NYHA I & 1T 35/60 58.3 3/7 42.9
NYHA I & IV 25/60 41.7 4/7 57.1
Heart rate /minute — no. 0.321"
(%)
<100 29/60 48.4 2/7 28.6
>100 31/60 51.6 5/7 71.4
Systolic blood pressure 0.758"
/mmHg - no., median | 60/60 112.5 (100-125) 717 113(105-123)
(IQR)
Diastolic blood pressure | 60/60 70 (63.5-80) 717 80 (76-83) 0.134"

/mmHg - no., median

(IQR)
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HIV status — no. (%)

0.229°

Positive 37/56 66.1 3/7 42.9

Negative 19/56 33.9 4/7 57.1
CD4 count cells/uL. — no. 0.711
(%)

>350 4/31 12.9 0/3 0.0

200-350 8/31 25.8 0/3 0.0

50-200 14/31 45.2 2/3 66.7

0-50 5/31 16.1 1/3 333
Creatinine/pmolL™" — no.,
median (IQR) 57/60 85 (67-97) 717 105 (78-132) 0.282°
White cell count cells x | 60/60 6.7(3.1) 7/7 6.6(1.1) 0.545"
10°/L - no., mean (SD)
Haemoglobin g/dL. — no., | 60/60 10.4(2.3) 7/7 11.5(2.9) 0.110°
mean (SD)
Diagnosis of tuberculous 0.517"
pericarditis — no. (%)

Definite 11/60 18.3 2/7 28.6

Probable 49/60 81.7 5/7 71.4
Left ventricular ejection 1.000’
fraction — no. (%)

<35% 1/37 2.7 0/4 0.0

35-45% 2/37 5.4 0/4 0.0

45-50% 34/37 91.9 4/4 100.0
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Constrictive pericarditis —

0.357"

no. (%)

Yes 23/47 48.9 1/4 25.0

No 24/47 51.1 3/4 75.0
Pericardial effusion — no. 0.473'
(%)

Small  effusion | 2/57 3.5 0/7 0.0

(<lcm)

Moderate 11/57 19.3 0/7 0.0

effusion (1-2cm)

Large  effusion | 44/57 77.2 7 100.0

(>2cm)
Cardiac Tamponade — no. 0.595"
(%)

Yes 18/38 47.4 3/5 60.0

No 20/38 52.6 2/5 40.0

*Two-sample t test.

"Pearson chi square test.

"Fisher’s exact test.
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Supplementary table S2. Baseline characteristics by analysed and excluded status

Characteristics Participants P value
Analyzed participants Excluded participants

Age in years — no., mean 1160 38.8(13.4) 240 38.0 (13.4) 0.792"

(SD)

Sex —no. (%) 0.103"

Male 661/1160 57.0 123/240 51.3

Female 499/1160 43.0 117/240  48.7

Functional class — no. (%) 0.212

NYHAT &I 797/1160 68.7 153/240 64.6

NYHA III & IV 363/1160 31.3 84/240 354

Heart rate /minute — no. (%) 0.071"

<100 491/1160 42.4 117/240 48.8

>100 667/1160 57.6 123/240 51.2

Systolic blood pressure 1159/1160 110 (102-120) | 240/240 110 (102-120) 0.037'

/mmHg — no., median (IQR)
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Diastolic blood pressure 1159/1160 72 (66-80) 240/240 70 (62-80) 0.004'
/mmHg — no., median (IQR)

HIV status — no. (%) 0.875"
Positive 781/1138 68.6 158/232 68.1

Negative 357/1138 314 74/232 31.9

CD#4 count— no. (%) 0.998"
>350 cells/pL 83/610 13.6 14/105 133

200-350 cells/pL 141/610 23.1 24/105 22.9

50-200 cells/uL 288/610 47.2 51/105 48.6

0-50 cells/pL 98/610 16.1 16/105 15.2

Creatinine/umolL™" — no., 1068/1160 75 (60-92) 206/240 72 (59-87) 0.133'
median (IQR)

White cell count cells x 10°/L | 1158 6.4 (2.7) 238 6.5 (2.8) 0.287"
—1no., mean (SD)

Haemoglobin g/dL — no., 1156 10.0 (2.3) 237 9.8 (2.4) 0.852"
mean (SD)

Diagnosis of TBP — no. (%) 0.002"
Definite TBP 214 18.6 24 10.1
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Probable TBP 935 81.4 213 89.9
Left ventricular EF — no. (%) 0.850°
<35% 15 2.1 2 1.3
35-45% 33 4.7 8 5.0
45-50% 657 93.2 149 93.7
Constrictive pericarditis <0.0001"
Yes —no. (%) | 400 48.5 41 233
No —no. (%) | 424 51.5 135 76.7
Pericardial effusion — no. (%) <0.0001°
Small effusion (<lcm) 86 7.6 20 8.7
Moderate effusion (1-2cm) 252 22.3 79 34.2
Large effusion (>2cm) 790 70.0 132 57.1

80




Cardiac Tamponade

Yes — no. (%)

No —no. (%)

472

330

58.9

41.2

84

93

47.5

52.5

0.006"

"Two-sample t test.

"Pearson’s chi-squared test.

"Two-sample Wilcoxon rank sum test.

SFisher’s exact test.
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° Time to cardiac tamponade
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