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ABSTRACT:

Atrial fibrillation (AF) if left untreated, due to its silent nature, could lead to considerable
morbidity and mortality due to its thromboembolic complications, especially ischemic
stroke. Prolonged ECG monitoring is an increasingly advocated method to detect silent AF
and other arrhythmias. The optimum duration of Holter ECG monitoring to detect underlying
AF is not clear leading to a variation in practice based on differences in trial results and
relevant clinical guidelines. 7-day Holter ECG appears to provide a convenient way of

prolonged non-invasive monitoring for AF detection.

| looked at the 7-day Holter ECG data from an observational registry from Sandwell and West
Birmingham Hospital (SWBH) with an unselected all-comer cohort of 476 patients and the
interventional arm of MonDAFIS trial of 1714 patients with acute ischemic stroke to look at
detection of new AF. Clinical, echocardiographic and Holter ECG parameters associated with
newly detected AF where available went through association testing and logistic regression.

The final model fit was tested through the ROC curve analysis.

The AF pick-up rate in SWBH cohort was 8.8%. In this cohort, the median age in the AF group
was higher than the non-AF group and there was no difference in the gender. AF was more
frequently seen when the 7-day Holter ECG was done to investigate palpitations and stroke.
With regards to comorbidities, AF was associated with hypertension, coronary artery disease
and left-sided valvular disease and for Holter ECG variables. AF patients had a longer
duration of recording and higher mean heart rate, more sinus pauses and supraventricular
ectopic (SVE) activity. Logistic regression analysis showed that hypertension, previous stroke,

left-sided valvular disease and palpitations were independently associated with underlying



AF. In the MonDAFIS cohort, the overall AF detection was 4.6% with incremental increase
per each day or recording. AF patients were older and had more underlying hypertension,
diabetes, renal insufficiency increased LA size and worse LV systolic function. AF patients
also had a longer duration of recording, more SVE and ventricular ectopic (VE) activity.
Logistic regression analysis showed older age, frequent isolated supraventricular ectopics,

SVE runs and LA dilatation as significant predictors of AF.

7-day Holter ECG monitoring has a good diagnostic yield for AF both in stroke survivors as
well as an all-comer patient cohort. In general, the AF group had longer monitoring duration.
There are other important similarities in the two groups in terms of clinical parameters
(advancing age and hypertension in the AF group) and Holter ECG parameters (higher mean
heart rates and more supraventricular ectopic activity in AF group). Combining these
important clinical and Holter ECG findings can prove useful to identify patients with a high
risk of underlying AF. These findings need testing through external validation and can

potentially have an important real-time impact on patient care.
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1 INTRODUCTION

1.1 Background

Atrial fibrillation (AF) is the most common cardiac arrhythmia.1 It affects 2-3% of the
population in Europe and North America.” In practice, AF is not always easy to detect even
when it has caused further problems like stroke. In general, AF confers at least 5 times
higher risk of ischemic stroke as compared to the population in sinus rhythm.? More so,
strokes due to AF are associated with high mortality and severe disability.* The severity of
stroke is judged through the National Institute of Health Stroke Scale (NIHSS) score.” Patients
with underlying AF have generally more severe strokes as evidenced by the higher NIHSS
scores.’ Approximately, 5% of unselected stroke patients have newly diagnosed AF at the
time of the stroke.” This increases significantly with further ECG monitoring as an in-patient
as well as in an out-patient setting. Stratified ECG monitoring reveals as much as a quarter of
patients with acute ischemic stroke having underlying AF.2 Thus, in patients presenting with
ischemic stroke or Transient Ischemic Attacks (TIA), AF is an important risk factor to
recognize, delay in which can lead to recurrent events. Hence, the priority in patients with
suspected AF related complication to document AF on an Electrocardiogram (ECG) so that it

can be effectively treated.

If AF is diagnosed promptly, in the presence of effective modern anticoagulant therapy,
strokes due to AF are essentially preventable.9 In practice, this is not always easy and there is

a considerable variation in the recommendations for duration of monitoring especially

8,10,11

following ischemic stroke. Hence, it is very important to identify and suggest a



reasonable method of ECG monitoring which is easily available, convenient for the patient
and with a good diagnostic utility. In addition to this, it is also useful to predict AF before it
happens so that subsequent complications from AF can be prevented. Considerable work
has been done to find out the predictors of AF i.e., those with a strong association with the

1213 some of these tests are associated with complex

development of subsequent AF.
electrophysiological studies or specialised high-resolution ECGs which are beyond the scope
and reach of a clinician in a standard hospital environment. However, there is no single set
of ECG or clinical markers for AF with sufficient discriminatory power. It is important to find
out simple ECG and clinical predictors of AF which would help a clinician identify the patients
with a high-risk of underlying AF and hence recurrent stroke. Not only would this lead to the
identification of a subset of patients with a high likelihood of underlying AF who can
potentially be monitored for longer, but also a low-risk group in which AF can be considered

unlikely and would not benefit from time-consuming and costly extensive investigations to

find AF.

1.2 Why this work is important?

7-day continuous Holter ECG monitoring is widely available in many clinical settings. Its
recording can be reliably analysed using commercially available dedicated software by
suitably trained staff, not only to detect AF but, also to pick up other important ECG findings
of clinical significance. For the shorter durations of monitoring, for example, 24-48 hours, AF
due to its paroxysmal nature can be missed. The quality of the ECG recording for prolonging
non-invasive monitoring beyond a week depends not only the patient compliance but and

14-16

can also have cost implications. The invasive implantable loop recorders have risks of



infection with availability being another issue.’” 7-day Holter ECG, hence, provides a
reasonable trade-off between shorter monitoring durations that could be less effective in
picking up AF and very long duration of monitoring which risk patient inconvenience and

infection.

The main aim of this work is to look for the detection of new AF through this method in a
general all-comer population attending cardiology outpatient for 7-day Holter ECG as well as
in patients with acute ischemic stroke. Moreover, the data will also be used to find an
association between various clinical and other Holter ECG characteristics with underlying AF
which can be which could be flagged up as risk factors or predictors for new AF for these
patient groups. The high-risk patients identified from the study could benefit from
continuous ECG monitoring through implantable loop recorder. On the other hand, patients
with low-risk features for underlying AF shall prompt the treating physicians to look for other

causes of ischemic stroke.

1.3 How this work was done?

This thesis uses 7-day Holter ECG dataset from two different patient populations. | set up a
registry of observational registry of an all-comer patient cohort undergoing a 7-day Holter
ECG in an outpatient setting for various indications, at Sandwell and West Birmingham
Hospital (SWBH), NHS Trust. The first part of my work comes from that observational registry
which can be considered a pilot study to find the pick-up rate of AF as well as to identify
clinical and Holter ECG parameters associated with AF in a general cardiology out-patient

population receiving this test.



| was also a sub-investigator in the MonDAFIS (Impact of standardised Monitoring for
Detection of AF in Ischemic Stroke) trial involved with setting up an ECG core lab at the
University of Birmingham, providing standardised analysis for each of the 7-day Holter ECGs
in the trial. | also supervised the cardiac physiologists and ensured that the data was
generated promptly and was of the highest quality as the results of the 7-Day Holter ECG
determined clinical recommendations for stroke survivors. The second part of my thesis and
the major data comes from the 1714 patients in the interventional arm of the MonDAFIS
trial. AF detection rates through a 7-day inpatient Holter ECG will be assessed alongside
baseline patient characteristics, clinical, echocardiographic and most importantly Holter ECG

parameters associated with AF status in stroke survivors.

1.4 Hypothesis

This work will test the following hypothesis.

1.4.1 The hypotheses related to the SWBH dataset

In an all-comer patient cohort:

a. AF is more likely to be present in patients symptomatic with palpitations.

b. AF detection increases in the presence of underlying cardiovascular risk factors like
increasing age, hypertension, diabetes, coronary artery disease, hypercholesterolemia and

previous stroke or TIA.

c. Presence of excessive supraventricular ectopic (SVE) activity is associated with more AF.



1.4.2 The hypotheses related to the MonDAFIS dataset

In patients with recent ischemic stroke:

a. Higher age and concomitant cardiovascular conditions (hypertension, diabetes, heart

failure, chronic kidney disease) are associated with AF.

b. Echocardiographic findings of dilated left atrium and/or left ventricular dysfunction is

associated with underlying AF.

c. Higher count of isolated supraventricular ectopics in the first 24 hour period is associated

with paroxysmal AF.

d. Higher counts and duration of supraventricular ectopic runs in the first 24 hours of

recording is associated with underlying AF.

e. Excessive ventricular ectopic activity in the first 24 hour period is associated with

paroxysmal AF.

1.5 The uniqueness of this work

This work based on SWBH dataset is unique due to various reasons. Firstly a study to look at
pick up rate of AF in general cardiology patient population through 7-day Holter ECG
monitoring has not been previously done. This allows us to assess the usefulness of this test
to pick up AF in patients where this is an expected finding like those patients symptomatic
with palpitations or with the previous stroke. It also gives an idea about the number of
patients with chance detection of AF like those with chest pain or syncope. The monitoring
could be requested by primary care, medical and cardiology physicians alike and it will be

interesting to see if the source of referral has an impact on the AF detection.



The MonDAFIS trial is the largest of its kind to compare usual in-hospital ECG monitoring
including 24 —hour Holter with an interventional group receiving 7-day standardised Holter
ECG in stroke survivors. The work here uses the data from the interventional arm. This gives
us an opportunity to find the in-hospital detection rate of AF in stroke survivors and also to

examine patient characteristics and other relevant Holter ECG data in this group.

A combined overview of these two cohorts will also help to highlight important common
clinical, as well as Holter ECG variables associated with new AF and these findings, can then

be generalised in a wider patient population.



2 LITERATURE REVIEW

2.1 Definition and Types of AF

The 2016 AF guidelines from the European Society of Cardiology (ESC) defined AF as a
chaotic atrial arrhythmia with no discernible p wave activity and irregular R-R interval lasting

for at least 30 seconds.’®*°

It also defines paroxysmal AF as lasting for 7-days or less,
persistent AF as more than 7-days and long term-persistent if it lasts for more than a year
without conversion to sinus rhythm. At this point, if it is accepted by the patient and
physician with rate control as the mainstay of treatment, then it is classified as permanent
atrial fibrillation.? This classification is agreed upon by the American College of Cardiology

(ACC), American Heart Association (AHA) and the European Society of Cardiology (Esc).”*

The types of AF are represented in Figure 2.1.

BN p

TIMELINE

FIGURE 2.1 SCHEMATIC SHOWING TYPES OF AF ALONG THE TIMELINE
THE DENSITY OF THE PATTERN IS REPRESENTATIVE OF THE TYPE OF AF.



Persistent or permanent atrial fibrillation is relatively less difficult to detect with most cases
detected by 12 lead ECG, Figure 2.2. However, the paroxysmal AF, if left undetected and
untreated, can be occult which causes recurrent strokes.”” Most of these paroxysmal
episodes are asymptomatic.? At least 25% of strokes have unknown aetiology and are called
cryptogenic strokes. This figure rises to 50% for TIA.?*> There is a suspicion that a significant
number of these cryptogenic strokes may be due to undetected AF, which further outlines
the importance of timely detection of AF.?* Undetected AF after ischemic stroke or TIA will
not only lead to further disabling strokes due to unaddressed risk of systemic embolism, but

may also lead to worsening of LV systolic function.?>?®

Initiating the treatment with an
appropriate oral anticoagulant can reduce the relative risk of recurrent stroke in patients

with AF by a two-third.”’ Hence, the timely diagnosis of paroxysmal AF in ischemic stroke or

TIA survivors has direct therapeutic implications.

Symptoms AF 1%t Detected DC Cardioversion Rate control as main strategy

QA QA |

(_L_‘Il: ——

Paroxysmal AF Persistent AF Permanent AF
> Weeks Months Years
Timeline

FIGURE 2.2 REPRESENTATION OF THE NATURAL HISTORY OF THE DISEASE PROCESS IN AF
Modified and adapted from Schotten U, Verheule S, Kirchhof P, Goette A. Pathophysiological mechanisms of
atrial fibrillation: a translational appraisal. Physiol Rev 2011;91:265-325



2.2 Pathophysiology of AF

AF is associated with disorganised atrial electrical activity leading to loss of effective atrial
contraction.?® Age, hypertension, coronary artery disease, mitral valve disease, low-grade

29-33

inflammation and genetics are important individual risk factors of AF. Different

underlying pathophysiologic mechanisms are proposed as the driving force behind atrial

34-37

remodelling (left atrial dilatation and fibrosis). This whole process involves various

mechanisms described below.3®

a. Trigger loop

The underlying key cellular mechanism is thought to be enhanced calcium ion loading. This
leads to spontaneous calcium ion release, which, when coupled with autonomic imbalances
and channelopathies can lead to triggered activity and automaticity which leads to atrial
hyperactivity. This can initiate atrial fibrillation which due to rapid atrial rates can restart the

cycle through calcium ion overload.

b. Electrical loop

Usually, ion channels protect atrial myocytes against excessive calcium ion loading. There
may be an abnormal contribution of ion channels towards the action potential configuration.
Atrial stretch and autonomic imbalance also contribute towards this. This leads to a decrease
in effective refractory period (ERP) and leads to re-entrant circuits within the atrium that can

trigger AF.
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c. Structural loop

Chronic atrial stretch due to raised atrial pressures, reduced atrial contractility and increased
atrial compliance activate pro-fibrotic and inflammatory pathways. This, through cellular
hypertrophy and atrial fibrosis, leads to conduction slowing and heterogeneity which further
enhances the re-entry circuits that maintain AF. Valvular heart disease, rheumatic heart

disease, myocarditis and ageing are important factors that affect this loop.

d. Hemodynamic loop

Loss of atrial contraction leads to increased atrial volume and causes a chronic atrial stretch.
On the other hand, due to rapid and irregular ventricular rate, there may be LV systolic
dysfunction which through ventricular filling defect can exacerbate the stretching of the left
atrial wall. Hypertension and underlying heart failure can enhance this process. This leads to
the development of long term substrate for sustaining persistent or permanent atrial

arrhythmia. This is shown in Figure 2.3.
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FIGURE 2.3 PATHOPHYSIOLOGY OF AF
A schematic diagram showing the interplay between various pathways that individually or in combination
contribute towards AF.

(ERP-Effective refractory period, Valvular disease-predominantly left-sided valvular disease)

Modified and adapted from Schotten U, Verheule S, Kirchhof P, Goette A. Pathophysiological mechanisms of
atrial fibrillation: a translational appraisal. Physiol Rev 2011;91:265-325
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2.3 Detection methods of AF

The following methods are frequently used in detecting underlying AF in a high-risk

population such as stroke.

I.  Non-Invasive
A. Short duration:
a. Single 12 lead ECG
b. Serial ECGs
B. Long duration (24 hours to 4 weeks):
a. Continuous hospital telemetry (Few hours to a few days)
b. Holter ECG monitoring (1-7-days)
c. Patient triggered event recorders (1-4 weeks)
d. Prolonged ambulatory ECG (Mobile cardiovascular telemetry)
Il. Invasive (Several weeks to years):
a. Implantable loop recorders
b. Implanted cardiac devices (pacemakers, Implantable cardioverter

defibrillators [ICD] or cardiac resynchronisation therapy [CRT] device)

The various types of ECG monitoring methods are given in Figure 2.4.
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FIGURE 2.4 A GRAPHICAL REPRESENTATION OF TYPES OF ECG MONITORING METHODS
THIS IS BASED ON TYPE (INVASIVE/NON-INVASIVE) AND DURATION OF MONITORING
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Patients with recent ischemic stroke/TIA are routinely investigated for the presence of
underlying AF with Holter ECG. The sensitivity of 24-hour Holter for detection of paroxysmal
AF after ischemic stroke is variable and will miss the diagnosis of paroxysmal AF in many
patients.®® Better rates of AF detection were observed with longer duration of ECG
monitoring following stroke/TIA.** There is increasing evidence that longer duration of ECG
monitoring either with standard Holter ECG recorders (48 hours to 7-days) or further
prolongation of ECG monitoring using portable or implanted loop recorders (7-days — several

917 However,

weeks or up to 36 months) improves the rate of detection of underlying AF.
there is a limit to the duration of ECG monitoring as it incurs significant costs for prolonged
monitoring, especially non-invasive testing beyond a few days is associated with patient
discomfort and the yield from such monitoring is subject to patient compliance. Similarly,
invasive monitoring may not be preferable to all patients and is better suited for high-risk
patients. Recently patient operated portable ECG recording devices and smartwatches to

3941 1n general, the sensitivity of heart rate based

detect AF have generated much interest.
AF and photoplethysmography is low and its accuracy depends on the diagnostic algorithm
for the given device. 1 lead ECG electrode-based AF detection methods currently require a
physician to confirm a recorded AF episode.*’ In the future, this will require refinement of
detection algorithms to improve the diagnostic accuracy of these devices. Currently NICE
does not endorse the routine use of these devices as per the 2019 review.

The fact remains that the standard of diagnostic tests used in various health care settings to
detect paroxysmal AF is also based on local practice standards. It would be highly desirable

to identify the patient group most suited for a longer duration of non-invasive or even

invasive monitoring based on their clinical and ECG markers. Similarly, it would be useful to
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identify low-risk patients with very little chances of underlying AF. In such patients, all types
of ECG monitoring would have low diagnostic yield for AF detection and may be considered a

burden on limited resources.

2.4 Predictors of Atrial Fibrillation

43-46

AF is a major but preventable cause of ischemic stroke and TIAs. However, detection of

AF is not always easy and in some cases requires a long duration of monitoring to detect

47-49

paroxysmal AF. Due to the elusive nature of this condition, there has been a lot of

research in predicting incidental or recurrent AF in various patient groups and clinical

settings.

It will be useful to understand some of the high-risk factors or “predictors” associated with
incidental AF, new-onset AF or AF recurrence after successful pharmacological or electrical
cardioversion and/or ablation. For description these are divided into the following main

groups:

1. Clinical predictors

2. Blood biomarkers

3. Electrocardiographic predictors

4. Imaging predictors

5. Electrophysiological predictors

6. Miscellaneous
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This is highlighted in figure 2.5 and shows the interplay of a combination of various factors.
Due to a wide variety of risk factors of AF, the predictors of AF can be different for various

patient groups based on their clinical situation, presentation and concurrent disease

>
|

N /I

FIGURE 2.5 VARIOUS RISK FACTORS OR PREDICTORS OF ATRIAL FIBRILLATION

processes.
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2.4.1 Clinical predictors

a. Age

Various studies have shown age as an independent predictor of AF. There is good evidence
that advancing age increases the chances of underlying AF. The cut-off for age at which the

risk of underlying AF rises from the general population is not yet established.?®>?

b. Gender

There is conflicting evidence from various studies showing male or female gender conferring
a higher risk. However, this observed variation in association from previous studies can be

due to other confounding baseline factors and comorbidities in small cohorts.*>3

c. Hypertension

Systolic BP more than 160mm Hg has been considered as a risk factor for developing AF. This
can be due to the effects of persistently raised blood pressure on LA and LV hemodynamic,
with long term remodelling of LV (leading to LVH and diastolic dysfunction) and atrial
enlargement. This can be also due to the effect of hypertension on the progression of

3152 Arterial stiffness in

coronary artery disease predisposing to ischemia and AF.
hypertensive patients has also been found in one study to be independently linked to the

development of AF in future independent of age and left atrial diameter.>*

d. Heart failure status

Clinically significant heart failure (NYHA 1I-1V) is found to be linked to underlying AF. The AF

prevalence is proportional to heart failure severity and this can be the cause or effect of
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atrial fibrillation. One hypothesis states that raised left ventricular filling pressures,
activation of the renin-angiotensin-aldosterone system leading to volume retention and
function valvular pathology leads to chronic left atrial stretch leading myocardial substrate

>>>7 Moreover, both AF and heart failure share common

increasing chances of developing AF.
underlying risk factors like hypertension, obesity and coronary artery disease among others.
In some cases, AF can be presented in as much as 50% of advanced heart failure patients.®
There is mounting evidence that development of heart failure on top of AF and vice versa
leads to poor prognosis.59 Heart failure is an important factor to look for as possible

predictor of underlying AF regardless of left ventricular ejection fraction,2>°%6061

The association of left ventricular ejection fraction with incident AF is less well understood.
One study showed a higher incidence of AF in patients with reduced ejection fraction at 18%
vs normal ejection fraction at 11%.5 A meta-analysis showed that in patients after AF

ablation, LV ejection fraction does not predict recurrence of AF.%

e. Stroke/Transient ischemic attack along with NIH Stroke scale®’ 6%

Although the risk of underlying AF in all stroke population is around 30%, a further 20% of
cryptogenic strokes can be attributed to underlying AF. History of recurrent stroke and TIA is
a very useful variable. NIHSS (categorized: 0-4, 5-15), modified Rankin scale before and
during recording (categorized: 0-2, 3-5) and duration of stroke-associated symptoms (< 1

hour, 1-24, > 24 hours) will be measured against association with AF detection.
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f. Diabetes

Diabetes is not only an important clinical risk factor for underlying AF but also increases the
chances of recurrent AF after initial success in rhythm control therapy. This may be due to
the effect on micro or macro vasculature leading to ischemic injury and development of pro-

arrhythmogenic substrate in the atria.>**>¢"%

g. Vascular disease

Vascular disease in this context could be previous coronary artery disease, peripheral
vascular disease or any other systemic vascular process secondary to atherosclerosis or
vascular dysfunction. Any known previous significant coronary artery disease or peripheral
vascular disease is considered an important risk factor for AF. Coronary artery disease as a
risk factor is particularly important in patients with a previous history of myocardial

revascularisation especially coronary artery bypass surgery.eg'71

Patients with peripheral vascular disease are thought to have one of many
pathophysiological mechanisms including arterial obstruction, vascular or skeletal muscle
dysfunction, inflammation, impaired angiogenesis and microvascular occlusion.”? Most of
these are a systemic phenomenon and share some of their common risk factors like
advanced age, underlying diabetes and coronary artery disease with atrial fibrillation. A
study done by Winkel et al showed that AF coexisted in peripheral arterial disease in around
10% of the patients and predicts a worse 2-year cardiovascular vascular outcome.”® In 2016,
a very large observational study of more than 58000 patients found that peripheral vascular
disease was an independent predictor of AF with worse CV outcomes if both co-existed

together.”
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h. Raised BMI (more than 30)

Raised BMI is tipped as a risk factor for underlying AF in some studies. However, this has not
been validated as an independent risk factor. Associated diastolic dysfunction may be the

culprit in this setting.®®7%”7

i. Severe renal impairment Chronic Kidney Disease (CKD) stage 4 or 5:

This is especially for patients dependant on haemodialysis. During haemodialysis,
hemodynamic changes and fluctuations in serum potassium levels can predispose to atrial
fibrillation.” In a meta-analysis of 4 observational studies, CKD was found to be associated

with more recurrence of AF after AF ablation.”

j- Symptoms of Atrial Fibrillation:

Although symptoms of palpitation, awareness of heartbeat, dizziness have less than ideal
predictive value and sensitivity of underlying AF, nevertheless, it is still an important item to

record in baseline.%%%3

k. Sleep apnoea:

Obstructive sleep apnoea (OSA) is the commonest disorder in sleep-breathing and is usually
associated with obesity.84 It shares many risk factors with cardiovascular risk factors with AF
but they are complex and multi-factorial. It is also an independent predictor of stroke.®
Sleep apnoea is not only found to be a strong predictor of new AF after coronary artery
cardiac and coronary artery bypass surgery but also linked to AF recurrence after AF

86-90

ablation. It has been found that AF recurrence after AF ablation reduces after effective

management of obstructive sleep apnoea.
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I. Other factors:

91-94 95-97 98-100

Smoking status® ", alcohol consumption™~’, level of physical activity , concomitant
medications like Ivabradine'®, non-alcoholic fatty liver disease'®, opium addiction have all

been linked to the development of AF or increases chances of underlying AF.

2.4.2 Electrocardiographic predictors

a. P wave axis:

P wave axis of outside the range of 0-75 degrees is found to have a slightly higher prevalence

of finding incidental AF after adjusting for age, gender, ethnicity and other comorbidities.*®
b. P wave morphology:

Abnormal P wave morphology was found to be an independent and significant predictor of
developing AF (HR 1.75) and sudden cardiac death (HR 2.66) in patients included in Multi-

centre Automated Defibrillator Implantation Trial Il (MADIT-11).***

c. P wave duration:

A large Copenhagen study using computerised analysis of ECGs from primary care
population, identified very short (<89ms), long (120-129ms) very long (>130ms) as risk
identifiers for AF and risk of cardiovascular death, as compared to normal p wave duration
(100-105ms).'% In an observational study, P wave duration and Standard Deviation (SD) of a
beat-to-beat Euclidean interval between the p waves were suggestive of identifying
underlying paroxysmal AF. Longer P wave durations and more varied morphologies were

predictive of paroxysmal AF. Similarly, abnormal P wave duration is also predictive of
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106

recurrence of AF after catheter ablation.” P wave duration of more than or equal to 140ms

was found to be an important predictor of AF recurrence post-AF ablation when compared

with p wave duration of less than 140ms, (63% vs 38%, p<0.05).*"’

d. PR interval:

The role of PR interval as a predictor of the risk of underlying AF is controversial and is
probably based on sub-components of PR interval.’®® An observational study done by Chun et
al indicates that prolonged PR interval in the presence of frequent premature atrial ectopics
(>100/day) is a predictor of AF occurrence.*®

e. Advanced Intra Atrial block

This is also found to have increased association with AF recurrence after AF ablation.™*°It has
been seen that patients undergoing cavo-tricuspid isthmus ablation for typical atrial flutter
are associated with the development of AF. It is shown that advanced intra-atrial block is a
key predictor for high-risk for new-onset AF even after successful ablation of typical atrial

flutter through cavo-tricuspid ablation.***

Similarly on surface ECGs advanced intra-atrial block (with P wave duration of >120ms and
biphasic morphology in inferior leads) is also shown to predict AF in patients with severe LV

systolic dysfunction and cardiac resynchronization therapy.'*?

It would be interesting to see
if this parameter is applicable to even those with normal LV systolic function without any

resynchronization therapy.
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f. Premature Atrial contraction (PAC)

Atrial ectopics were first shown to be associated with AF in 1998 by Haissaguerre et al.*?

Premature atrial contraction (PAC) or atrial ectopics (AE) or supraventricular ectopics (SVE)

114-117

are shown in various studies to be a useful predictor of AF . Another study shows that

adding atrial premature contractions to Framingham AF model improved the 10 year AF risk

discrimination (c-statistic improved from 0.65 to 0.72 p<0.001)*®

Koshhausner et al in 2014 suggested that an increased number of atrial premature
contractions in patients is strongly linked with AF, however, the number of patients in his
study were less.'*® In 2015, Gladstone published his data of 30-day event recorder for more
than 200 patients which again highlighted a very strong dose-dependent association of atrial

ectopics with underlying AF.*%°

Since atrial ectopics are very easily detected and reported in
most ECG monitoring devices in clinical practice, this makes atrial ectopics a very attractive,

as well as feasible to study variable in AF prediction model.

g. Heart rate variability (HRV):

Heart rate variability (HRV) is a function of the cardiac response to autonomic

regulation.m’122

In one prospective study, taking the Cohort from the OPERA study, heart
rate variability using various spectral and time-domain indices was measured at baseline.
After a mean follow up of 16.5 +/- 3.5 years, it was found that impaired heart rate variability
measured by Low frequency (LF) spectral component (HR 2.81, p0.006) was significant

predictors of developing symptomatic atrial fibrillation, along with age and systolic blood

12
pressure. 3
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2.4.3 Blood Biomarkers

2.4.3.1 For incidental AF

a. NT pro-BNP (N-Terminal pro Brain natriuretic peptide)

Raised NT pro-BNP is shown to be an independent predictor of incidental AF. It was found in
one study that raised levels of NT pro-BNP was associated with a higher risk of detecting new
AF in two different cohorts and when added to AF prediction score CHARGE-AF, it offers a

124

modest increase in c-statistic from 0.62 to 0.68.”“" Another study in a large cohort of multi-

ethnic population confirmed the strong association of NT pro-BNP with underlying AF across

125 Elevated BNP levels are also found to have an association with

different ethnicities.
prevalent atrial fibrillation in patients admitted with acute ischemic stroke.’?® It has been

shown to predict imminent episodes of AF which can be very useful in a clinical setting. **’

A large meta-analysis has shown that for a patient undergoing thoracic surgery, high pre-
operative levels of NT pro-BNP significantly increase the risk of detecting new atrial
fibrillation post-surgery (OR 3.13).'%® Another group found a similar association of higher

levels of this biomarker with new-onset AF after cardiac surgery.'?

Interestingly, a relatively large study of 562 patients derived from the OPERA trial was
published in the same year as the meta-analysis mentioned above. The study concluded that
pre and post-surgical levels of NT Pro BNP and high sensitivity troponins are not predictive of

risk of postoperative AF."*°

Another study also found a slight but statistically non-significant
association with risk of AF after cardiac surgery. This makes NT-pro BNP an exciting but

controversial predictor of incidental AF, especially in patients undergoing cardiac surgery.
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b. Fibroblast growth factor 23 (FGF23)

FGF 23 levels usually rise with renal dysfunction but recently it has been linked with

cardiovascular disease, due to left ventricular hypertrophy, incident coronary artery disease

and heart failure. 3132

A link between AF and FGF 23 has been described by Sieler et al in 2011 that showed a

correlation between AF and Left ventricular systolic dysfunction in the absence of renal

133

dysfunction.” Another multi-ethnic registry has also shown evidence of its association with

134

new AF.”™" In a recent study, by Chua and Purmah et al, this was further shown alongside

BNP to be one of only two among more than 90 biomarkers to be strongly associated with

prevalent AF.'*

c. Atrial natriuretic peptide (ANP):

In a population-based study in elderly men, it was found that higher levels of baseline ANP

had up to 3.3 times higher risk of developing AF after 16 years follow up.136
d. Troponin-I:

A study in ischemic stroke and TIA survivors found a predictive role in delayed diagnosis of
underlying paroxysmal AF during long term ECG monitoring. 30% of those with raised
Troponin-l had AF diagnosed through ECG monitoring vs 6.1% of those without raised

. 1
Troponin-I. 37
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e. Type lll Procollagen-N-peptide:

A large retrospective observational sub-study of around 3000 participants, aged 65 and
older, based on the sample from Cardiovascular Heart Study (CHS), identified a non-linear
relation between levels of type Ill Procollagen N terminal peptide and risk on incidental AF.

The maximum association was found at median levels of the biomarker.**®

Elevated levels of type IIl procollagen-N-peptide which is a marker of atrial inflammation and
fibrosis is found to be significantly associated with recurrence of AF after successful DC

cardioversion (odds ratio 2.61, p<0.008).139

f. Cystatin C:

Cystatin C is considered as a biomarker of cardiac extracellular remodelling and fibrosis**%**

In a study involving approximately 500 hypertensive patients without CKD
(eGFR.60ml/min/1.73m?) it was found that higher levels of Cystatin C are associated with a

significantly higher risk of incidental AF (OR 4.123)

Cardiovascular health study also showed that renal impairment measured by Cystatin C

levels is associated with a higher prevalence of AF.**?

2.4.3.2  For AF recurrence after Electrical/chemical cardioversion or Ablation:

a. Serum Metalloproteinases-9

The level of this enzyme was higher in patients with AF recurrence after AF ablation after

adjusting for co-variates.**
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b. Cardiotrophin-1

It was found in one small hypothesis-generating study that serum cardiotrophin-1 (CT-1)
levels were raised in AF patients as compared to age and gender-matched healthy controls.
Furthermore, a higher value of CT-1 levels at baseline was associated with increased

frequency of AF relapses 6 months after DC cardioversion.
c. Serum Connective tissue growth factor (CTGF):

This can be considered an indirect marker of atrial structural remodelling. A study measured
the changes in CTGF at baseline and 2 months post-ablation. Higher levels of baseline CTGF,
along with raised left atrial diameter in patients with non-paroxysmal AF undergoing

ablation were predictive of AF recurrence.’*
d. Type lll Procollagen-N-peptide:

Elevated levels of type Ill procollagen-N-peptide which is a marker of atrial inflammation and
fibrosis is found to be significantly associated with recurrence of AF after successful DC

cardioversion (odds ratio 2.61, p<0.008).'*

e. High sensitivity C-Reactive protein

Progression of inflammation detected through C-reactive protein as a function of atrial
remodelling is predictive of recurrence of AF after DC cardioversion or AF ablation through
pulmonary vein isolation. Studies have shown that higher levels of high sensitivity CRP pre-
procedure, as significantly predictive of AF recurrence for both paroxysmal and persistent

145,1
types. 45,146
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f. Interleukins:

Interleukin 6, 8 and 10 were found to be significantly elevated in AF population in various
studies signifying the importance of inflammatory markers in predicting the risk of

147,148

underlying AF

2.4.3.3 New-onset AF Post MI and Post-operative:

a. Neutrophil/Lymphocyte ratio(NLR)

Neutrophil/lymphocyte ration in the STEMI population predicts non-reflow, New-onset AF,
and major in-hospital adverse effects.’* Similar associations between NLR and risk of
developing AF is confirmed in a meta-analysis which also shows that the risk of AF

130 Another

recurrence after cardioversion or AF ablation also increases with raised NLR.
study has shown an association between high NLR and risk of AF recurrence after successful

. . . . 151
chemical cardioversion by Amiodarone.*

b. Serum resistin Levels:

Resistin is a hormone secreted by adipocytes.152

A small hypothesis-generating study,
identified a potential blood biomarker for predicting AF in patients after coronary artery

bypass surgery. Although the pre-operative resistin levels were higher in the AF group, due

to the small number of patients (n=40) it was not statistically significant.**?
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2.4.4 Imaging predictors

2.4.4.1 Incidental AF

a. Left ventricular systolic dysfunction measured by global longitudinal strain (GLS)

In one community-based cohort study, it was found that impaired left ventricular systolic
function measured by GLS (>-14.7%) is associated with increased risk of developing AF (HR
3.2, p<0.007) Along with abnormal left atrial volume index, the combined Hazard ratio is

12.1 (p<00.1)**

b. Doppler derived LV negative dp/dt

One study, in patients with normal ejection fraction but moderate to severe degenerative
mitral regurgitation, has shown that Doppler derived LV — dp/dt and E/E’ were significant

predictors of new-onset AF or stroke.™®

c. Left atrial function assessed by Speckle tracking echocardiography

The left atrial function is considered a marker of LA remodelling. Speckle tracking is a novel
technique through which a longitudinal strain curve can be generated for the left atrium.*®
A study has shown that speckle tracking echocardiography is the strongest predictor of

7 Abnormal left atrial emptying function

progression of AF from paroxysmal to persistent.”
assessed through speckle tracking echocardiography is found to be independently predictive

of the development of AF after a follow up of 28 months with a sensitivity and specificity of

88% and 81% respectively.®
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2.4.4.2  For AF recurrence after cardioversion or ablation:

a. Functional mitral regurgitation (MR)

Functional MR is found to have an association with higher recurrence rates of AF after 22.9
+/- 6 months after successful AF ablation. This was associated with the presence of Low
Voltage Zones (LVZ) on LA mapping after ablation, in 64.9% of patient with functional mitral

regurgitation vs 22.1% in patients without FMR (p-value<0.001)"**

b. Epicardial adipose tissue thickness (EAT)

Epicardial adipose tissue thickness, especially in the peri-atrial area, measured by multi-

detector CT has a modest association with late AF recurrence post-AF ablation.*®°

c. Left Atrial Emptying Fraction (LAEF) by Multi-slice CT

In one study, with the use of Multi-slice CT, Left atrial emptying fraction (LAEF) was shown to

. .. . 161
have an association of AF recurrence after AF ablation.*®

d. Left atrial volumetry

Left atrial volume of less than 106 mL assessed by Multi-detector CT is a significant predictor

162

of maintained SR especially in Pulmonary vein ablation for paroxysmal AF.”* Other studies

.. . . . 163,1
have found similar results using echocardiographic measurements.*®*%*

e. High Residual Fibrosis (Substrate modification):

A cardiac MRI study using late gadolinium enhancement (LGE) on patients undergoing AF

ablation has shown that baseline and high residual fibrosis were associated with significant

recurrence of AF post ablation with HR of 2.2 (p<0.01)165
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f. L wave to assess severe diastolic dysfunction:

L wave measures mid-diastolic trans-mitral flow. Echocardiographic measurement of the L
wave to assess for diastolic dysfunction has been found as a novel predictor of AF recurrence

in a small study.'®®

2.4.4.3 New-onset AF Post MI and Post-operative:

a. Left Atrial Strain:

Several studies to assess for left atrial deformation of strain, especially in elderly patients,
show that LA strain impairment, measured through speckle tracking echocardiography may

167,168

be a useful predictor for the development of AF postoperatively. Another study has

also shown similar findings for AF recurrence after AF ablation.*®®
b. Decrease in left atrial appendage emptying velocity

Left atrial appendage, a small pyramidal structure situated at the lateral surface of the LA,
between the pulmonary artery and LV. Reduction in LAA emptying velocity, both in early and
late diastole is dependent on advancing age.170 Although there has been some conflicting
evidence, it is also found to be an independent variable in the development of postoperative
AF after CABG.'"* Another study has shown this to be one of three factors alongside the

duration of AF and LA size to predict success after DC cardioversion.'”?
c. Total Pulmonary vein diameter

Total pulmonary vein diameter is also found in one study to be a significant predictor of

developing AF after on-pump CABG. *”?
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2.4.5 Electrophysiological predictors

a. High entropy values in RA

High entropy values in the right atrium at the time of ablation in one study predicted higher

recurrence rates of AF after successful AF ablation through pulmonary vein isolation.*”*

b. Acute pulmonary vein reconnection:

A small prospective observational study showed that acute pulmonary vein reconnection
soon after pulmonary vein radiofrequency ablation was an independent predictor of AF
recurrence. The pulmonary vein reconnection was identified by a 30-minute wait after the
initial ablation and given adenosine and isoproterenol infusion. Any identified connections
were subsequently treated in the same procedure. However, those with acute pulmonary
vein connection had 50% AF recurrence at 1 year as compared to 11% without pulmonary

vein connection (HR-6.36, p<009).175

Another study, using a cryo-balloon technique, identified balloon warming time as the

strongest predictor of late pulmonary vein reconnection and hence AF recurrence.’’®

c. Longer duration of the procedure for radiofrequency ablation:

In an observational study in a case series those with early AF recurrence by 3 months from
the index procedures had longer ablation and procedural times.'”’ It is unclear whether the
procedure times and longer ablation durations were seen because AF was difficult to ablate

in the first instance.
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d. Elevated left atrial pressure at trans-septal puncture:

In a study left atrial pressure was measured at trans-septal puncture in all patients with
paroxysmal or persistent AF undergoing first pulmonary vein isolation procedure. Mean LA
pressures were found to be higher in patients with AF recurrence and with each 1 mm Hg

rise in LA pressure, the risk of AF recurrence increased by 11 % at 2 years follow up.'’®

2.4.6 Other/Miscellaneous

a. Genetic predictor-KCNIP1 Copy number Variation (CNV) mutation

This gene encodes a family of Voltage-gated Potassium channel interacting protein. Its
mutation may induce susceptibility to develop atrial fibrillation which was seen in a study in

Taiwanese population.179

b. Common gene variants, e.g. on chromosome 425, close to the PITX2 gene

2 sequence variants (rs2200733 and rs10033464) on chromosome 4g25 have shown

significant association with underlying AF in a study done in 2007 and was later also

180,181

confirmed in a meta-analysis. A novel finding of PITXC2 mutation has generated a lot of

interest as responsible for idiopathic AF. This is a loss of function mutation and confers

enhanced susceptibility to AF. 182

c. Apnoea-Hypnoea Index (AHI) in sleep studies

This is found to be an independent predictor of recurrence of AF after pulmonary vein

isolation (PVI) ablation for paroxysmal AF. It has not shown a significant relationship to

recurrence post-ablation for persistent AF.'%3
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d. Peri-oesophageal Vagal plexus injuries:

Interestingly, peri-oesophageal vagal plexus injuries (PNI), which are considered as a side
effect of AF ablation leading to decreased gastric tone and symptomatic gastric hypomotility
has been found to have a protective effect against recurrence of AF after successful AF

ablation. Patients with PNI had more AF free days after ablation than those without PNI.'®

Another study has linked gastroesophageal reflux disease (GERD) with more recurrence of
AF post AF ablation. After multiple regression analysis, the odds ratio is found to be 8.5

(p=0.011)
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2.5 Important AF prediction scores

There have been various efforts to come up with AF predictive scores to identify incidental
AF risk in large general or selected populations. These predictive scores are particularly
useful as they take into account useful clinical and demographic variables which are readily
available for most patients. Some of the notable AF prediction scores are described in this

section.

2.5.1 HATCH Score

In 2010 De Vos and colleagues proposed a clinical score to predict progression of AF from
paroxysmal to persistent/permanent AF derived from the Euro Heart survey.'® This led to
the HATCH scoring system that included heart failure, Age>75, previous transient ischemic
attack (TIA) or stroke, chronic obstructive pulmonary disease, and hypertension as the
independent predictors of AF progression. Heart failure and previous history of TIA or stroke
were given 2 points and the rest were given 1 point each. A score of >5 was considered

predictive of progression of AF from paroxysmal to more sustained forms.

This score was further validated by Suinari et al in Asian population using the Taiwan
National Health Insurance Research Database in more than 670 thousand patient records.*®
This adjusted for gender and other comorbidities showed good correlation in predicting

new-onset AF. Another study found that a relatively low cut-off (>1) for HATCH score for

predicting postoperative AF in patients undergoing coronary artery bypass graft surgery.187
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2.5.2 HAVOC score

HAVOC score was based on the Stanford Translational Research Integrated Database
Environment (STRIDE) looking at patients with stroke and transient ischemic attack.'®® This
combined age, obesity, coronary artery disease, peripheral vascular disease, congestive
heart failure, hypertension and valvular disease. These variables were used to classify AF risk
into 3 subgroups with good discrimination and area under the curve of 0.77. They proposed
this would helo identify stroke survivors requiring a longer duration of monitoring to look for

AF.

| 189

This work was externally validated by Ntaios et a They found a modest AF risk

discrimination at low HAVOC scores and area under the curve of 0.68.

2.5.3 CHADS; and CHA:DS:VASc scores:

There have also been efforts to validate scores such as CHADS, and CHA,DS,VASC to predict

new-onset AF which are otherwise widely used to calculate stroke risk in AF.?%%%

A very
large registry of more than a million patients in Israel looked to validate these scores to

predict new AF and found an increase of hazards ratio of 1.57 for each unit increase in

192
score. ?

2.5.4 ATLAS score

ATLAS score was developed to predict recurrence of AF following AF ablation through
pulmonary vein isolation in a registry base on around 2 thousand patients.'*® The identified
variables included age >60 years (1 point), female sex (4 points), non-paroxysmal AF (2

points), current smoking (7 points) and indexed LA volume (1 point/10 mL/m2 increase).
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2.5.5 APPLE score

The APPLE score was developed by Kornej et al in 2015 to predict recurrence of AF in

patients post AF ablation.*

This took into account and gave 1 point each for age >65 years,
persistent AF, impaired eGFR (<60 ml/min/1.73 m?), LA diameter 243 mm, EF < 50 %. They

showed that this score performed better than CHADS, and CHA,DS,VASc.

2.5.6 CHARGE-AF score

CHARGE-AF uses individual data from 3 large cohorts in the United States in more than
18556 patient records from Atherosclerosis Risk in Communities (ARIC) study, the
Cardiovascular Health Study (CHS), and the Framingham Heart Study (FHS) to develop the 5-

year risk of developing new AF using various predictive variables.'®

This was externally
validated in 7672 participants from the Age, Gene and Environment susceptibility-Reykjavik
study (AGES) and the Rotterdam Study (RS). The predictive model was based on age,
ethnicity, height, weight, blood pressure, smoking status, being on antihypertensive
medications, diabetes, and history of myocardial infarction and heart failure. This gave a
good c-statistic of 0.76 in the derivative model and a modest c-statistic on 0.66 in the
validation cohort. Further work was done to add biomarkers such as B-type natriuretic
peptide and high sensitivity CRP to this model which showed that the addition of B-type

natriuretic peptide but not CRP substantially increased the risk prediction of the model.**®

2.5.7 Risk scores from other population-based cohort studies

Other scores are derived from Framingham study, FHS (10-year risk)*®’, Atherosclerosis in

Risk in communities, ARIC (10-year risk)**®, Women Health Study, WHS (10-year risk)**® and



38

Cohorts for Heart and Aging Research in Genomic Epidemiology atrial fibrillation. The
methods of the derivation of these scores, their detailed description and validation are

beyond the scope of this chapter.

2.6 Relevant AF predictors based on large registries and validation cohorts

A summary of the most relevant AF scores based on large registries and observational
cohorts is given in table 2.1. The table explains the various categories of variables for
example, clinical, electrocardiographic, blood biomarkers and cardiac imaging. The ease of
collection of these variables is colour coded into categorised such as green for risk factors
identified from patient demographics, clinical notes and history, amber for routine in-
hospital investigations like 12 lead or Holter ECG, echocardiogram etc and red for tests

requiring special techniques or assays.

These items are further categorised into the various levels of evidence which are modified
and adapted from Oxford Centre for Evidence-based Medicine — Levels of evidence (March
2009)°®. The evidence levels are usually difficult to describe for epidemiological risk factors
which are frequently assessed by large population-based observational studies. These types
of studies are considered a reference standard for such an analysis. Based on this, for this
description, a Level 1 evidence is derived from multiple large population-based and validated
observational studies and/or meta-analysis. Level 2 is derived from prospective
observational studies. Level 3 which is the lowest level of evidence is based on Case-control
study, Case report/case series, or derived from the consensus of expert opinion. A
systematic review to identify risk factor for incidental AF and also the progression of AF has

not currently been done. A protocol for one such review, however, has been published by
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Dretzke et al in 2019.%°" Most of the evidence currently available comes from population-
based observational cohorts and large registries. Some risk factors are identified as part of
secondary analysis in a randomised controlled trial. An example of this is the association of
atrial ectopic burden with new AF in stroke survivors undergoing ECG Holter ECG

120 These type of analyses are not designed to look for these risk factors but

monitoring.
these variables were analysed retrospectively which places them at a lower level than the

prospective observational studies.?®?

Finally, there are a few exciting variables which are identified from basic science work in the
laboratories and small case series. Although these if properly studied and validated may be
of great importance in predicting AF, but currently, cannot be routinely recommended for

risk factor analysis of AF as they are not proven from large epidemiological studies.
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Table 2.1 Predictors of AF

Variable Ease of collection* Evidence | Use in risk score***
level**

Clinical variables

Age'90191193,195,197-199,203 Demographic record 2 CHARGE-AF, CHA,DS,VASC,
HATCH, ATLAS, APPLE, FHS,
ARIC, WHS

Gender'?01911931%7 Demographic record 2 CHA,DS,VASC, ATLAS, FHS

Hypertension'®®#"1%%19%1 I Clinical records 2 CHARGE-AF, CHA,DS,VASC,

95,197:199,203 HATCH, FHS, ARIC, WHS

Vascular disease™®*****® | Clinical history/records CHA,DS,VASC, ARIC

TIA/Stroke®®*® Clinical history/records HATCH

Heart-Failure Clinical history/records CHARGE-AF, CHA,DS,VASC,

status'1o11977199,203 HATCH, FHS, WHS

Diabetes!?019119>198,203 Clinical history/records 2 CHARGE-AF, CHA,DS,VASC,
ARIC

Raised BMI*7*%° Clinical records 2 FHS, WHS

Smoking!?* 1919819 Clinical history 2 CHARGE-AF, ATLAS, ARIC, WHS

COPD™&% Clinical history/records 2 HATCH

Alcohol consumption®® Clinical history 2 WHS

Electrocardiographic variables

PR interval™>"’ 12 lead/Holter ECG 2 FHS, CHARGE-AF

Atrial ectopic burden®® Holter ECG 3 -

LVH on ECG***%® 12 lead ECG 2 ARIC, CHARGE-AF

Heart rate variability*? Holter ECG 2 -

Blood biomarkers

NT-pro BNP/BNP?*?%?% | Routine hospital lab 2 ARIC, CHARGE-AF

Troponin-I1**’ Routine hospital lab 3 -

FGF-2334135

[Speciaisedassay |3

Imaging variables

LA size!?*194205,206 Routine echocardiography | 2 ATLAS, APPLE
LV function™**** Routine echocardiography | 2 APPLE
Valvular pathology™’ Routine echocardiography | 2 FHS

*Ease of collection: Green — History/clinical record, Orange - Routine hospital test, Red —Special study

**Level of evidence for risk factors assessment (derived from Oxford Centre for Evidence-based Medicine —

Levels of Evidence (March 2009)

200,

: 1- Systematic review/meta-analysis, 2-Derived from multiple large

population-based observational studies 3- Case-control study, Case report/case series, expert consensus.

***Risk scores: APPLE'™

Hypertension, Age, Valvular disease, obesity, coronary artery disease/CCF. HATCH
-Framingham Heart Study, ARIC

COPD, HF. FHS™’

Health Study, CHARGE-AF

fibrillation (revalidated in MESA), MESA

195,196

198,204

203

- Age, Persistent AF, imPaired eGFR, LA diameter 243 mm, EF <50%, HAVOC

- Atherosclerosis Risk in Communities, WHS
Cohorts for Heart and Aging Research in Genomic Epidemiology atrial
— Multiethnic study of atherosclerosis.

188

186 _ Hypertension, Age, TIA,

199
- Women
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2.7 The relevance of the literature review to my research

In this chapter, a commentary of various clinical, ECG and echocardiographic predictors was
provided are important in identifying relevant predictors for AF. As previously mentioned,
the main aim of my work is to look for the detection of new AF through 7-day Holter ECG in
two different cohorts. Firstly, an all-comer patient population attending cardiology
outpatient and secondly, in patients with acute ischemic stroke. All relevant and readily
available risk factors within the scope of this research will be analysed to assess for their
association with AF. In summary, this will include risk factors identified from patient
demographics, cardiovascular risk profile, Holter ECG and transthoracic echocardiogram. All
of these variables are easily available to a clinician as part of their routine practice which
increases the feasibility and relevance of this work. Due to fundamental differences in the
patient populations and methodologies for the two cohorts, it is not always possible to
match all variables across both groups which remains an important limitation. However, an
effort will be made, where possible, to identify common high-risk variables for AF that stand

out from both populations.
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3 MATERIALS AND METHODS FOR SWBH DATASET

This part of the thesis shall examine a database of patients who have undergone 7-day
Holter (event recorder) analysis from Sandwell and West Birmingham Hospitals (SWBH) NHS

Trust.

It is pertinent to mention that this work has been published as a paper in the OpenHeart
journal in May 2020. It was also presented as an abstract at European Heart Rhythm
Congress (EHRA), 2017 in Vienna and British Cardiovascular Society (BCS), 2017 in

Manchester.

3.1 Objectives related to SWBH Dataset

1. To report the diagnostic yield of 7-day Holter ECG monitoring in an all-comer population
requested through primary care or hospital physicians.

2. To analyse clinical and Holter ECG parameters associated with new AF in a consecutive

patient sample presenting for various indications for 7-day Holter ECG monitoring.

3.2 Introduction to SWBH dataset

3.2.1 General outline

SWB Hospital has a catchment population of more than 2 million residents. With regards to
cardiology services, it is not only a major primary PCl and emergency cardiology but also
caters for a significant proportion of outpatient cardiology services for the community.
These patients could be referred for various cardiology diagnostic tests including 7-day
Holter ECG monitoring to look for various arrhythmic conditions. These 7-day Holter

monitors could be requested for a myriad of symptoms which include chest pain, dizziness,
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palpitations, syncope, previous stroke or TIA. This service is available to cardiology or
medical physicians from the hospital and there is also an open-access provision to the
primary care physicians. This project was initially started as an audit to report the rate of AF
in an all-comer cohort, presenting to a tertiary care hospital with various indications from
various sources. This later took shape to form a registry of patients and various clinical and

echo variables were also recorded.

3.2.2 Purpose of the study

The main purpose of this work was to serve as a pilot study for my thesis to identify useful

clinical and ECG variables that could be used for the main analysis of the MonDAFIS dataset.

This will also provide very useful information about the association of various patient
characteristics, symptoms and comorbidities with AF in a group which is truly reflective of
the patient population that attends cardiology outpatient services for 7-day Holter ECG for a

wide selection of symptoms.

3.2.3 Role in the study

| was the lead investigator and was involved in data collection and validation of AF on the
Holter ECGs and further analysis. Other cardiology physicians, YP and MN, helped in the
validation of ECG findings and data collection. PK had oversight of the whole project and
coordinated data collection efforts and checked the integrity of the database. WC helped

with the statistical analysis and data presentation.
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3.3 Workflow for the SWBH data

3.3.1 Sample size and Data collection

The data was collected by 3 researchers, JQ, YP and MN from 1* April 2014 to 31°" April

2017. A total of 584 records were collected.

Clinical data was taken by going through clinical (hospital and primary care) records. Holter
ECG data was previously analysed by trained hospital physiologists. The findings were taken
from the standardised report. The presence of AF was confirmed on review of the ECG data
from the Holter recording. The definition for AF (described later) was based on the duration

of at least 30 seconds.

3.3.2 Inclusion criteria

All patients presenting for 7-day continuous Holter ECG monitoring above the age of 18

years presenting within the timeline described above were included.

There were no pre-set criteria for the 7-day Holter requests but such test requests were left
on the discretion of the clinical judgement of the physicians. Some of these patients may
have had prior investigations like 24 or 48-hour Holter ECG before undergoing 7-day Holter
ECG. Having prior a prior shorter duration of ECG monitoring for similar symptoms was not
an exclusion criterion. The data for the patients having such prior tests is not available and

this is mentioned as a limitation of the study.

The test was performed for the indications of palpitations, dizziness, syncope, chest pain and
ischemic stroke or TIA. There was no restriction for the holter monitoring being performed

within a certain time frame after the index event.
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3.3.3 Exclusion criteria

76 patients were excluded based on the following criteria to ensure adequate data quality

and a standardised patient cohort:

e Age <18 years
e <110 hours recording (<66% of intended duration of recording)

e >10% of the total being an artefact.

This led to 508 patient records. 32 patients had known AF and were excluded from further

analysis. Here a final cohort of 476 patients is presented. This is shown in Figure 3.1.

3.3.4 Intra/Interobservariability

Due to the retrospective, observational nature of this study intra-observer variability could
not be assessed as the Holter recordings were already analysed by the qualified hospital
cardiac physiologist. A random sample of 50 Holter ECGs was re-analysed by JQ, YP and MN
to assess for quality of ECG data especially for presence or absence of AF looking at the ECG
data available for review. Moreover, for all cases with pre-reported AF, the reviewers
reviewed the ECG to confirm it. There was no discrepancy in AF diagnosis between the three

observers (JQ, YP and MN).
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Patients with 7-day Holter monitors between

1st April 2014- 30th April 2016
584

Patients excluded
Age <18 years (8)
<110 hours recording (51)
>33% of total artefact (17)

76 F

Patients after initial
exclusion criteria

Patients with

Known AF
32
Patients in
final Cohort
476
| I l I |
Palpitations Stroke/TIA Dizziness LChest pain LSyncope
241 75 — 29 | 32 | 99 |

FIGURE 3.1 CONSORT CHART FOR PATIENT NUMBERS AND EXCLUSION CRITERIA
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3.4 Definitions

To maintain consistency in reporting the findings, the definitions of Holter ECG parameters
are adapted from the detection threshold of these findings through the Pathfinder version

used for ECG analysis.

Atrial ectopics: Supraventricular ectopic activity with different morphology of p wave or

absent p wave and 80% (+/-5%) of prevailing NN interval.

Premature ventricular ectopics: Ventricular ectopic activity with wide QRS complex with no

preceding p wave activity and 90% (+/-3%) of prevailing NN interval.

Supraventricular runs: 3 or more consecutive atrial (supraventricular beats).

All comorbidities were taken as previously documented through records from primary care
or specialist clinics. The valvular disease was taken as moderate to severe left-sided (mitral

or aortic) valvular disease, stenosis or regurgitation, confirmed on prior echocardiography.

3.5 Hypotheses

In an all-comer patient cohort:

a. AF is more likely to be present in patients symptomatic with palpitations.

b. AF detection increases in the presence of underlying cardiovascular risk factors like
increasing age, hypertension, diabetes, coronary artery disease, hypercholesterolemia and

previous stroke or TIA.

c. Presence of excessive supraventricular ectopic (SVE) activity is associated with more AF.
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3.6 Statistical analysis

3.6.1 Descriptive statistics

For normally distributed variables | shall present mean and standard deviation; otherwise,
median value and quartiles will be presented. The descriptive statistics shall be described in
tabular form or graphs (pie chart, histogram and bar charts) or both. Normality will be tested
by inspection of the distribution curves and Kolmonorov-Smirnov test. A value of <0.05 on

Kolmonorov-Smirnov test indicates the non-normal distribution of data.

3.6.2 Univariate association testing (including Odds ratio, CI)

Univariate associations between ECG parameters and finding of AF are evaluated by the
independent student T-test or Man-Whitney U test for continuous variables dependant on
whether the data is normally distributed or Chi-square (x*)test as appropriate. Receiver
operating characteristics (ROC) curve analysis shall be performed for various Holter
parameters to find the optimum cut off for sensitivity and 1-specificity using Youden’s index.
These cut-offs are then used as dichotomous variables in the univariate logistic regression
analysis. This will give the odds ratio (OR) that will be reported alongside 95% confidence

intervals (Cl) and p-value. The p-values <0.05 will be considered statistically significant.

3.6.3 Multiple logistic regression, adjusted variables and bootstrapping

Multiple logistic regression analyses will also be performed to evaluate the covariate-
adjusted association of the variable(s) of interest with the detection of new incidental AF.
These variables will be chosen based on their clinical relevance and importance in previous

research work. A formal multiple testing correction will not be done. These variables going
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into the multivariate model will be limited to 1 variable/10 AF-outcomes. The derived model
will be adjusted for age, sex and duration of the recording. The model will internally be
validated using bootstrapping to produce an optimism-adjusted model. Multivariate
association of the variables with AF will be reported through OR, 95% ClI and p-value. The
model fit will be tested observing the Nagelkerke r* A value closer to 1 will indicate better
model fit.

The bootstrapped model’s performance will be assessed by quantifying the C-statistic
(equivalent to the area under the ROC curve) reported alongside 95% Cl and p values. All the

statistical calculation will be done in SPSS (IBM) software v.24.0.0.0 (64-bit edition).

3.7 Research Governance

The project was registered with the clinical effectiveness department at Sandwell and West
Birmingham Hospitals NHS trust (QIP Approval Number SG323) following the guidelines of
the Good Clinical Practice (GCP), following GCP training. This work was initially registered as
a quality improvement project looking at the retrospective registry data, hence formal
ethical approval was not needed. This project conformed to strict clinical data governance
standards with no patient identifiable information stored on any 3 party computers or
devices as per guidelines from the General Medical Council and Information Commissioner’s

office.
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4 MATERIALS AND METHODS FOR MONDAFIS DATASET

4.1 Objectives related to MonDAFIS dataset

The analysis of MonDAFIS dataset for this thesis and further publications is relevant and

important for reasons described below.

a. Baseline clinical characteristics, comorbidities and echo data in stroke patients
The dataset will provide useful insights into clinical characteristics, comorbidities, basic

echocardiographic parameters for patients with acute ischemic stroke.

b. Defining baseline Holter ECG findings for a large cohort with acute stroke
The Holter ECG parameters for up to 7-days in a large cohort of patients presenting with
acute ischemic stroke has not been previously defined. It would be important to define what

constitutes as “baseline” or “normal” for this group of patients.

¢. The relevance of duration of ECG monitoring on AF detection
AF detection per 24-hour increase in the duration of ECG monitoring to describe detection

rates at 24 and 72 hours up to a maximum of 7-days will be seen.

d. Description of important association of AF with clinical or Holter ECG findings
Any significant association of new-onset AF with the clinical, echocardiographic, and Holter

ECG parameters shall be described.

d. Suggest important predictors of incident AF
A regression analysis shall be performed to look for any clinical, echocardiographic or ECG

variables which alone or in combination may serve as predictors of AF.



51

4.2 Introduction to MonDAFIS Trial

The main component of my research data comes from the baseline dataset from the

MonDAFIS trial.

This is explained in detail under the following headings

4.2.1 General Outline of MonDAFIS Trial
4.2.2 Purpose of the trial

4.2.3 The rationale of the trail.

4.2.4 Role in the MonDAFIS trial

4.2.5 Analysis workflow

4.2.1 General Outline of MonDAFIS Trial

This will be a major part of the dissertation. It shall make use of the baseline clinical,
echocardiographic, brain imaging as well as 7-day Holter ECG data collected for the
intervention arm of the randomised multicentre MonDAFIS Trial (MonDAFIS-Impact of

Standardized Monitoring for Detection of Atrial Fibrillation in Ischemic Stroke).

4.2.2 The purpose of the trial

The methodology of the MonDAFIS trial including purpose of the trial, funding, sample size
and recruitment details, inclusion and exclusion criteria and analysis data points are

previously described in detail in the design paper.zo7

In summary, this is an investigator-
initiated prospective randomized multi-centre study to uncover the true burden of

paroxysmal AF in a representative population of acute stroke patients without known AF.
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4.2.3 The rationale of the trial

Stroke secondary to AF, in general shows poor prognosis and high risk of recurrent stroke.
Undetected paroxysmal (silent) AF in this population is a major diagnostic challenge.
Prolonged ECG monitoring and systematic analysis improves AF detection. This trial
compares a longer duration of ECG recording in post-stroke patients compared to standard
24-hour Holter which forms part of the usual in-hospital diagnostic protocols for AF
detection. The primary endpoint of the trial is the number of patients on oral
anticoagulation for AF at 1-year follow-up with further detail of secondary end-points

already published in the trial design paper.207

4.2.4 Role in the Trial

| worked as a Sub-Investigator general cardiologist in the trial with the responsibility to
perform standardised analysis of ECGs for detection of AF at the core lab which was set up at
the University of Birmingham, under supervision of Prof Paulus Kirchhof (Director of the
Core lab). | led a team of 5 physiologists and review all the ECG findings from all the Holter
recordings from the intervention arm. All investigators and physiologists received formal
training from the Spacelabs (provider for ECG recording device and analysis software) to
perform reliably and consistently reproducible analysis of Holter ECGs. | have personally
analysed or reviewed all 7-day Holter ECG recordings performed in the intervention arm of

the MonDAFIS trial.
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4.2.5 The analysis workflow

The details of the work-flow at the study site (in Germany), in the Core Lab (UK) and finally in

trial coordinating centre at the Charité (Germany) are described here (Figure 4.1).

a. Workflow processes at Study Site and Charité(Germany)

39 specialist and certified German stroke centres took part in the MonDAFIS trial. These
centres were distributed among “regional”, “non-university based” and “university-based”
centres in 40%:30%:30% ratio. These centres enrolled acute patients with suspected stroke
and TIA. The diagnosis of stroke was based on clinical symptoms and brain imaging. All the

patients received Computed Tomography (CT) or Magnetic Resonance Imaging (MRI) of the

brain and in some case both, as soon as possible after admission.

According to the study protocol, the patients get recruited in the MonDAFIS trial through
informed signed consent within 24 hours of admission. They are randomised either to the
standard of care (including a 24 hour Holter ECG) or the intervention arm providing
standardised Holter ECG monitoring up to 7-days. The patient data is pseudo-anonymised

and assigned a study ID number. The inclusion and exclusion criteria are given below.?”’

Inclusion criteria

Informed and written consent

o Age =18 years

e Acute ischemic stroke or TIA with the persistent neurological deficit with or without a
matched lesion of the MRI brain.

e Admission to a stroke unit within 72 hours of the onset of stroke-related symptoms



54

e Enrolment in MonDAFIS and start of ECG recording (as per randomisation) within 24
hours of admission
e Sufficient knowledge of the German language

e Consent to participate in the follow-up

Exclusion criteria

Previously known AF

e AF previously seen on the 12-lead ECG following hospital admission

e AF seen during ECG monitoring on the stroke unit before the patient is enrolled
e Life expectancy < 1-year pre-stroke

e Life expectancy <1 month post-stroke

e Participation in a concomitant interventional study

e Women who are pregnant or breast-feeding.

e Presence of an implanted device with the provision of ECG recording.

The trained study personnel (a nurse or a doctor) for the MonDAFIS trial connect the Holter
ECG recorder (Spacelabs healthcare, modular digital Holter recorder, with Lifecard CF) with
the patient. This recorded a 2 or three-channel ECG up with up to 7-day of continuous ECG
with 12-bit resolution. The device also recorded a voice file which is used for patient ID in
English and German. The recordings are uploaded from the study site by the research nurse
on the REDCap 6.15.15 - © 2017 Vanderbilt University. This database was monitored and
handled by the Charité in Berlin. The study nurses or doctors do a visit every day and look

after the electrode to identify any disconnected electrodes.


http://projectredcap.org/
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The ECG is recorded in 4 files.

b. Cnav.dat 8 Kb
c. Config.dat 1 Kb
d. ECG.dat 93 Mb
e. Patient.wav 64 Kb

Each of these file types is essential to the analysis as any missing component led to the loss
of ECG dataset. These files are uploaded on the secure REDCAP server at the end of the

recording by the study physician/nurse.

b. Workflow processes at the core lab (University of Birmingham, UK)

The investigator at core lab downloads the files from the REDCAP system on to a 90 MB
Spacelabs CF card (Figure 4.1, Figure 4.2). Data is then retrieved on a Dual 21-inch screen
dedicated Workstation running Sentinel database V9.0.2.4491 and stored on a secure local
server. This system is set up by the IT department of the University of Birmingham in
association with Spacelabs healthcare. This transmitted ECG is linked with an audio file
confirming the patient ID in English and German. The ECG is analysed through Pathfinder SL
Software Version 1.7.1.2718 (Copyrights Spacelabs Healthcare). The ECG reports are
analysed by trained physiologists and findings are verified and rechecked by the sub-
investigator general cardiologist (myself). All the team involved in ECG analysis have received
adequate training for the software and analysis through Spacelab healthcare (provider for
ECG recording device and specialised analysis software and hardware). The Sentinel and

pathfinder system screenshots are shown in Figure 4.3.
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All the analysed data is stored on the local database. The formal Personal Digital Format
(PDF) report and analysed (.ISHNE) and original (.snt/) ECG data files are resent through the

REDCAP system to the trial centre.

c. Workflow processes at the Charité - Universitidtsmedizin Berlin, Germany

The Holter summary report is created in English alongside German translation as per
standardised templates for various possible Holter findings. The German version was then
released to the recruiting trial centre and the treating physicians which informed them of
initiating any oral anticoagulant therapy or action relevant steps based on the ECG findings.
The exported ISHNE data files were processed through a dedicated Sentinel workstation at
the Charité, Berlin to generate a spreadsheet incorporating the database of recorded ECG
findings. The further validation efforts to verify the ECG data points is described in the next

subsection
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4.3 Quality control and data validation

The purpose of the validation process is to ensure a correct, traceable, complete, and
analysable database of all relevant variables recorded by the Holter ECG that are relevant to
the study. The complete dataset for MonDAFIS was continuously validated through quality
control measures that involved rechecking that the Holter ECG report matches the summary

descriptions and all the counts within the report are valid without any contradictions.

Those ECG data with 2 recordings were merged into a single file and their accuracy
rechecked against the source (Sentinel dataset). A final validation check was done once the
ECG data was converted from the Sentinel data file to the SPSS spreadsheets to ensure the

accuracy of data. The whole process of data validation is described below:

4.3.1 Possible sources of error:

a. Quality of ECG analysis including Intra and inter-observer variability

It is important to check that the ECG analysis that was performed was of the highest
standard and there were no major discrepancies in the findings. Most importantly the
episodes and durations of AF as well as important study secondary endpoints needed to be
verified independently.

b. Presence of multiple .sntl files for each ECG dataset:

A .sntl was the final file generated after the analysis of the Holter recording. Thus was
generated through the Sentinel server at the Core lab. In many cases, more than one .sntl-
file was generated and stored within the Core lab in Birmingham. These .snt/ files were
transferred to the central database in Berlin and stored within the eCRF (REDCap™ ECG-

project). The latest available .snt/ file for each patient was used to generate a single .xml/ file.
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It was important to ensure that each .xml file is derived from the correct corresponding .snt/
file and matches the final report of the ECG findings as per the analysis.

c. Automatic generation of .xml files:

An error could occur during generation of .xml file. These files were created by the
Pathfinder SL Software. The Software complies with the requirements of the Medical Device
Directive (93/42/EEC — 2007/47/EC) and the Directive on Restriction of Hazardous
Substances in Electrical and Electronic Equipment (2011/65/EU).

d. Restructuring of the .xml file into an analysable SPSS-file:

This is a potential source of discrepancy in the final data and was addressed to be reviewed

by the validation process detailed below.

4.3.2 Steps to rectify sources of error

a. Defining primary and secondary ECG endpoints:

It was very important to define relevant items for validation which are primary and/or
secondary endpoints of the study. These include atrial fibrillation and flutter,
supraventricular ectopics (SVE), and supraventricular ectopics runs (SVE runs). The SVEs and
SVE runs were defined based on the set criteria as described above, taking into account the
analysis algorithm of Pathfinder SL Software.

b. Steps to minimize Intra and inter-observer variability

Standardised training and SOPs

Before the setting up the core lab, four experienced and qualified cardiac physiologists were
recruited in core lab analysis team. All of them were already trained and working on a similar

version of Sentinel Pathfinder (version 1.7.1.2718). All members of the team including the
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trial physician (myself) and the principal investigator (PK) underwent further training from
the Spacelabs™ representative and standard operating procedures (SOPs) were made to
ensure that the analysis is performed in a standardised way.

Setting up similar analysis thresholds on the workstations

All the work stations had a similar threshold set to automatically pick up events like atrial
ectopics and ventricular ectopics etc. These thresholds were kept constant throughout the
trial analysis. All events including AF episodes wee manually checked before finalising.

Final review of all recordings by one reviewer

All the analysed recordings before uploading to the trial database underwent final quality
control check by one reviewer (myself) for all the recordings. This ensured that ECG analysis
from all the physiologists was up to the same standard.

Internal validation of the results (checking for intra-observer variability)

The trial statisticians proposed a method for validating the quality of the generated dataset.
This involved random identification of 10% patient records based on the recorded patient
identification (Pat ID) numbers. Verification of the patient ID and validation of a qualifying
number of analysed items was performed at the ECG Core lab. This purpose of this validation
was to establish that the information deposited in the analysis database matches the
information coded in the original analyses as well as to look for intraobserver variability. The
matching was based on patient ID numbers (pseudonymised). A new eCRF-form in the
REDCap™ ECG-project was created for documenting the results of the validation and
classification procedure. The validation process involved the comparison of the SPSS file with
the ECG raw data case by case to check the validity of primary and secondary ECG endpoints.

This also involved checking the number and duration of episodes of atrial fibrillation and
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supraventricular ectopic runs and supraventricular ectopics in total and for each 24-hour
period.

The difference for atrial and/or supraventricular ectopics between the actual ECG analysis
and the SPSS file was set as less than 10%. Similarly, for the required number of validation
cases, less than 10% of studies should fail the validation process.

This found no difference between the pre-reported outcomes and the validation results.
External validation of results (checking for Inter-observer variability)

External validation was carried out by the trial steering committee to check a randomly
selected sample of the cohort for the presence of AF and found all the pre-reported results
were compatible with the validation findings.

c. Correct labelling of .sntl files

All .sntl files were correctly labelled to ensure reproducibility of the dataset. It was important
to check that each .sntl file, and in case of more than one .sntl file for the one Pat ID, the

correct file has been used to transcribe the ECG findings.
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4.4 Patientrecruitment and sample size

The planned duration of entire MonDAFIS study including the follow-up protocol is for 5
years. A total of 3470 patients were recruited in the total study with 1738, randomised to
the prolonged ECG monitoring arm. The first patient was recruited in December 2014 and
the last patient was recruited in December 2017. The inclusion and exclusion criteria are

described earlier.

The total sample size calculation for randomization in the MonDAFIS trial (including the
control and intervention arm) is calculated to be 3470 and is previously described in the
design paper.’”’

The analyses performed here are confined to the intervention arm of the MonDAFIS trial.
The consort chart for the sample is given in Figure 4.4

The Holter analyses were split into 2 durations.

1. Holter ECG parameters in the 1° 24 hours (Hours 1-24)

2. Holter ECG parameters for all 7-days

Holter ECG variables during the first 24 hours were assessed in relation to AF for association

testing and further logistic regression for ECG variables.

The data from complete 7-day Holter ECG for the total duration of recording and heart rate

parameters were included as these were available for total recording only.
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Interventional arm of MonDAFIS
Patients with 7-day Holter monitors

1735

Withdrawl of informed consent (7)
Informed consent not valid (2)
Previous participation in MonDAFIS (1)

Patients after initial exclusion criteria

1725

Patients excluded due to lack of data

11

Patients for final baseline analysis

1714

FIGURE 4.4 PATIENT RECRUITMENT AND ECG ANALYSIS IN MONDAFIS TRIAL
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4.5 Baseline Data

The comparison between different variables from across the groups shall include

Patient characteristics

e Duration and severity of the stroke and associated symptoms
e Comorbidities
e Imaging parameters (Echocardiography and Neurovascular imaging)

e Holter ECG variables

4.5.1 Patient Characteristics

Predefined baseline patient characteristics will be used to describe the patient population as
then potentially be used to predict paroxysmal AF. This shall include age and gender as a
whole and then described for AF and non-AF group separately including their height, weight
and body mass index (BMI). Alcohol and Nicotine intake is also recorded. Alcohol intake is
marked as frequent for >14 units of alcohol in females and >21 units in male. Lesser
consumption than the threshold described above is marked as occasional. Nicotine intake
could be in oral form (chewing tobacco), snuff or cigarette smoking. | shall describe either an
ongoing history or past use of Nicotine and compare with those who never had any nicotine

intake.

4.5.2 Stroke duration, severity and associated symptoms

The duration of stroke symptoms shall be described based on whether they presented
before or after 24 hours since the onset of symptoms. The stroke severity will be assessed

using the National Institute of Health Stroke Scale (NIHSS) which utilises various neurological
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features including conscious level, speech, upper and lower limb motor functions,
coordination, sensation, vision and visual fields. The scale uses a range between 0-42 points.
Patients on recruitment were screened for any co-existing associated significant symptoms
of palpitations, dizziness or pre-syncope (sensation of near loss of consciousness). The
symptoms were described as frequent the recurrence was daily to at least once per week,
and occasional if they were less than once per week. The maximum and minimum duration

of symptoms was not collected as part of the dataset.

4.5.3 Comorbidities

This is described as follows:

a. Hypertension

Hypertension was defined as a previously established diagnosis with or without medication.
This is further defined as untreated systolic BP of >160mm Hg.

b. Diabetes

Diabetes was defined as a previously established diagnosis with or without medications or a

fasting glucose of 27.1mmol/L, 2-hour postprandial 211.1mmol/L or HBA1C =248 mmol/mol.

¢. Heart failure status

Any patients diagnosed by a physician as having heart failure syndrome clinically,
radiologically and/or with echocardiographic findings, regardless of their left ventricular

ejection fraction (LVEF). This could include, but would not be limited to symptoms of
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shortness of breath on exertion or at rest, orthopnoea, peripheral nocturnal dyspnoea and

swelling of the ankles or above.

Heart failure is quantified as per New York heart associated (NYHA) classification given

below. Significant heart failure will be defined as patients in NYHA category II-IV.

Class | - No obvious symptoms with any evidence of limitation in ordinary physical activity.

For example, constitutes shortness of breath when walking uphill or climbing stairs.

Class Il - Mild symptoms (mild shortness of breath) along with slight limitation during

ordinary physical activity.

Class lll - Marked limitation inactivity due to symptoms, even during minimal activity but
comfortable at rest. For example, a patient getting breathless on walking for short distances

of about 20-100 yards.

Class IV - Severe limitation of physical activity and the patient would experience symptoms

even while at rest. These patients are mostly bed-bound.

While all patients in the data set will have an acute stroke or TIA, there are still some

markers of vascular disease severity that can be assessed.

d. Previous history of Transient ischemic attack and ischemic stroke

A transient ischemic attack was defined as a neurological deficit which resolve