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Abstract

Background: Taurine, 2-aminoethanesulfonic acid, is an amino acid
found in animal products. Taurine is produced for human
consumption as a supplement and ingredient in beverages.
Supplementation is a safe, inexpensive, and effective treatment for
dilated cardiomyopathy (DCM) in domestic mammals, however it is
currently unlicensed in Europe and the United States for human
medical treatment. Recent genome-wide association studies of DCM
have identified the locus of the taurine transporter (SLC6A6). To assess
whether taurine supplementation may be a novel therapeutic option
for DCM, we undertook a systematic review.

Methods: Four electronic databases (PubMed, Cochrane Central
Register, Web of Science, Biomed Central) were searched until
11/03/21. Included studies of human participants reported measured
phenotypes or symptoms for cardiomyopathy, heart failure (HF), or
altered left ventricle structure or function, administering taurine in
any formulation, by any method. Non-English articles were excluded.
Meta-analysis was completed in R software (version 3.6.0). The
Newcastle-Ottawa Scale quality assessment score (NOQAS) tool was
used to assess bias.

Results: 285 articles were identified, of which eleven met our criteria
for inclusion. Only one paper was deemed “high quality” using the
NOQAS tool. Taurine supplementation varied across studies; by dose
(500 mg to 6g per day), frequency (once to thrice daily), delivery
method (tablet, capsule, drink, powder), and duration (2 to 48 weeks).
Patient inclusion was all-cause HF patients with ejection fraction (EF)
<50% and no study was specific to DCM. While improvements in
diastolic and systolic function, exercise capacity, and haemodynamic
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parameters were described, only EF and stroke volume were
measured in enough studies to complete a meta-analysis; the
association was not significant with all-cause HF (P<0.05). No
significant safety concerns were reported.

Conclusions: A formal clinical trial is needed to address whether
taurine supplementation is beneficial to the approximately 1/250
individuals with DCM in the population.
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Introduction

Dilated cardiomyopathy (DCM) is defined by left ventricular
(LV) or biventricular systolic dysfunction and dilatation not
explained by abnormal loading conditions or coronary disease,
and affects approximately 1 in 250 individuals'. Despite
improvements in pharmacological and device-based therapy,
clinical outcomes remain poor with a mortality of 20% at
5 years and DCM is the leading cause of heart transplantation’.
Clinical diagnosis of idiopathic DCM by cardiac magnetic
resonance imaging includes the presence of fractional
shortening <25% or ejection fraction <45%, and LV end-diastolic
diameter >117%, excluding coronary disease or haemodynamic
cause®.

Genome-wide  association studies have been recently
published identifying common variants associated with risk
of DCM™, and significant associations have been identified in
the locus of the sodium- and chloride-dependent taurine trans-
porter gene (SLC6A6). SLC6A6 encodes a multi-pass membrane
protein that transports the amino acid taurine and is found at
highest expression in whole blood’. A mutation in the SLC6A6
has been identified in a consanguineous family with retinal
degeneration and mild hypokinetic cardiomyopathy with
systolic dysfunction (shortening fraction 24-27%) and systolic
dilatation of the left ventricle, which corrected with taurine
supplementation after 24-months®.

Taurine, or 2-aminoethanesulfonic acid, is an essential amino
acid and deficiency causes photoreceptor cell degeneration.
The retina and myocardium have the largest concentration
of free taurine in the body’. Taurine increases myocardial
contractility, possibly through modulation of calcium move-
ment and availability for excitation-contraction coupling.
Taurine’s role in DCM has been well studied by veterinary
medicine, and diet supplementation is a common treatment for
DCM in domestic mammals'*!'*. It is unknown whether taurine
supplementation can improve human DCM, and furthermore
whether improvements are observed when taurine levels are
in normal reference ranges. Taurine is currently unlicensed
in the UK, EU, and US, for human medical treatment.

No existing or registered and in-progress systematic reviews
have been identified on this topic. There is a need for a
systematic review considering the potential health implications.
This review will address whether DCM and/or heart failure
(HF) symptoms and severity in humans (any patient group,
population, and setting) are reduced upon administration of
taurine (any dosage, delivery method, and frequency).

Methods
The systematic review protocol has been published (Prospero ID:
CRD42021241114).

Search strategy and eligibility criteria

Four electronic databases (PubMed, Cochrane Central
Register, Web of Science, and Biomed Central) were searched
from inception when the review was registered on Prospero
(8™ March 2021) until 11" March 2021) with the following
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search strategy: (Dilated Cardiomyopathy OR DCM OR
Heart failure OR Cardiomyopathy OR myocardiopathy OR
Cardiac failure OR Left ventricular failure OR Left

ventricular) AND (Taurine OR 2-aminoethanesulfonic acid OR
2-aminoethane-1-sulfonic acid OR Tauric acid) AND (Human
OR Homo sapiens OR Patient). All included studies meet the
following eligibility criteria: human studies of participants
with reported measured phenotypes or symptoms for
cardiomyopathy, HF, or altered left ventricle structure or function,
reporting on the administration of taurine in any formulation,
by any method. No restrictions were applied to geographical
region or study period but articles had to be written in English.

Study selection, data extraction and analysis

One author (K.A.M.) screened all titles and abstracts.
Articles were sorted as definitely include, possibly include, and
exclude. Articles classed as possibly include were reviewed
by two authors (M.K., J.S.W.) to determine whether the study
was eligible for inclusion. The main outcome assessed was a
reduction in DCM or HF symptoms, severity or outcomes,
by any measure of effect, with additional outcomes also
recorded: measurements of all heart phenotypes described,
any description of patient worsening, any description of side
effects, any description of longitudinal/follow up outcomes.

The data was formally and unblindly extracted on pre-specified
Excel (version 16.56) forms: authors, journal, publication,
study design, sample size, patient characteristics, mention of
additional medication intake of participants, methods of
randomisation/treatment allocation, blinding, index diagnosis,
taurine delivery method, dosage, frequency, and intervention
duration, details of comparator or placebo, imaging
characteristics assessed (if available), summary characteris-
tics of main outcome and additional outcomes, and summary
statistics of effect. Data extraction for all included studies
was performed by one author (K.A.M.), with any issues
requiring further clarification rectified through consultation with
the other reviewing authors. Data was formally and unblindly
extracted. Continuous variables were reported as mean (stand-
ard deviation) or median (range). Categorical variables were
expressed as n/N (%). Summary information about the articles
(e.g. aim, author overlap, main conclusion) and participant
characteristics was recorded and missing or unclear information
was noted as comments (Extended data: Table S1).

A quantitative meta-analysis of measured phenotypes was
completed if there were at least three articles describing a
similar trait. Meta-analysis and forest plots were completed in
R software (version 3.6.0) using the packages meta and
metafor. Risk ratios for individual studies were combined
using a random-effects meta-analysis. Heterogeneity was
evaluated through P statistic and corresponding 95% ClIs.
Numeric data was excluded from the review if only described in
figures (found in three articles).

Critical appraisal tool and risk of bias assessment
To assess the risk of bias in the included cohort and
case-control studies, the Newecastle-Ottawa Scale quality
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assessment score (NOQAS) tool” was used. Using the tool,
each study was judged on 8 items in three categories: selection of
the study groups, comparability of groups, and the ascertainment
of the outcome of interest. Studies that received 8§ or 9 of a
possible 9 points were regarded as high quality, whereas
studies that received 6 or 7 were regarded as fair quality, and
those that received 5 or less were regarded as low quality'°.

Results

Study selection and characteristics

In total, 285 studies were identified through database
searching before 11" March 2021 (PubMed, n=143; Cochrane
CRTs, n=26; BioMed Central, n=16; Web of Science, n=100).
Through title and abstract screening, 30 studies remained.
Following this, studies were excluded for reasons noted
in Figure 1. Full-text screening and accounting for inter-database
duplicates resulted in a total of eleven studies included in the
systematic review. The characteristics of the studies are
summarised in Table 1.

Study quality

For the eleven studies included, quality assessment ratings
were high quality (n=1; 8 points), fair (n=7; 6-7 points) and
low (n=3; <5 points). This was mostly due to a lack of reporting
and controlling for age and sex (comparability), lack of

BioMed Central
n=-16

criteria:
non-HF studies,
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comparability), and inadequate outcome follow up time
(<3 months'®). Of the eleven studies included, two groups of
authors wrote seven of them (63%); three studies were
labelled as “Group 17 (27%) and four studies were labelled as
“Group 2”7 (36%). In many cases across these two groups
duplicate reporting of values was identified (Extended data:
Table S1). Of note, there were many missing values identified
from these studies, mainly due to re-publication of the same
cohort but reporting different phenotypes; this included
sample size, blinding, medication intake, taurine delivery
method, as well as basic summary statistics including age,
sex, BMI, and HF aetiology.

Article characteristics

The included eleven studies administered 500 mg to 6 g
of taurine per day (in supplements provided once to thrice daily)
via tablet (n=1), capsule (n=4), powder (n=1), sachet (n=1),
and drink (n=1) (not described; n=3). The duration of
administration ranged from 2 weeks to 12 months (median
= 6 weeks; Figure 2), with the studies that assessed taurine
administration at 3- and 6-months reporting only prelimi-
nary results. The most common index diagnosis for inclusion in
the studies was HF patients with a left ventricular ejection
fraction (LVEF) <50%, as well as patients who had under-
gone a particular cardiac surgery (n=2) or were not improving
with current therapies (n=3). In general, the patients included

Web of Science
n=100

review papers, nhon-human
no administration of

taurine, abstract not found.

BioMed Central
n=0

Web of Science
n=8

Exclusion criteria: non-English articles, article not
found, duplicates across databases

description of HF cause (i.e. CAD; DCM, IHD, etc;
Pubmed| | Cochrane CRTs
n=143 n=26
Exclusion
studies,
Pubmed| | Cochrane CRTs
n=11 n=11
Inclusion
n=11

Figure 1. Study selection pipeline. Eleven studies were included in this systematic review. Studies were identified from each database
using the specified search terms and excluded due to article type, mammal studied, disease studied, experiment undertaken, language,
accessibility, and duplicates across databases. CRT, central register of controlled trials.
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Figure 2. Duration of taurine administration across studies. The plot depicts the length of time in weeks of administration of taurine
in the 11 included studies. The median of 6 weeks is shown as a dashed red line. Reports in month as opposed to weeks, were converted

to weeks by multiplying by four.

in the studies had mixed aetiology of HF, mainly due to
ischemic heart disease. No study was specific to DCM.
The main aim of the studies was to determine the effect
of taurine administration on clinical outcomes and symp-
toms of HF. The studies compared patients before and after
administration and/or to patients on placebos (n=6 (55%);
starch (n=3), carbohydrate drink (n=1), inactive placebo (n=1)
or coenzyme Q10 tablet (n=1)).

Article general findings

The conclusions of the studies describe changes in cardiac
function and related parameters with taurine supplementation:
increased LVEF'7'® reduction in left ventricular myocardium

mass index (LVMMIi)", reduction in left ventricular end-diastolic
volume (LVEDV)", improved diastolic failure”, improved left
ventricular systolic function’!, decreased pre-ejection period
and quotient, increased exercise capacity”’, and improved
haemodynamic parameters (e.g., increased T wave and Q-T
segment) and anti-atherogenic and anti-inflammatory effects
(e.g., C-reactive protein and platelet count)**, and clinical
course”.

Our prior hypothesis, based on the human genetic data,
is that taurine supplementation benefits DCM specifically.
There is little theoretical or experimental data to indicate whether
it might impact on HF due to ischaemia or haemodynamic
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causes. If the effect on ischaemic and non-ischaemic
cardiomyopathy differs, then this will generate heterogeneity
in study results. One study of a large portion of ischemic
HF patients (87%) concluded that no improvements were
found in laboratory parameters or echocardiographic param-
eters in HF patients subjected to cardiac rehabilitation. How-
ever, the taurine treated group of patients had significant
improvement in New York Heart Association Functional
Classification (NYHA) (median; from 2 to 1, P = 0.002)
while the control group showed improvement but without
statistical significance”’. Patient wellbeing was examined in
one of the eleven studies; mean general improvement of
quality of life and wellbeing in patients with HF was 22.6
% compared to 16.6% in the placebo arm, with increased
improvement among women'’.

Article safety findings

Safety data was described in detail in one study of taurine as
part of a multivitamin and mineral supplement drink'’. While
these adverse effects may be due to taurine supplementation,
the supplementation consisted of many vitamins and minerals,
so it is unlikely that taurine had a causal role in the adverse
reactions. One patient (5%) in the supplement group had
nausea and another had a single episode of vomiting.
Two patients developed diarrhoea and one of them dropped
out of the study as a result. The administration of supplement
compared with placebo did not influence blood biochemistry
(ALP, ALT, AST), nor blood urea nitrogen, except for
significantly higher creatinine levels at the preoperative
assessment. One patient from the treatment and control
groups had myocardial infarction. One patient in the supple-
ment group developed pneumonia and had a 6-day stay in the
intensive care unit. Three patients developed clinically
significant renal failure, one patient had renal artery stenosis,
one patient had renal failure related to diabetes, and the final
patient had multiple medical problems after the operation
with a wound infection, urinary tract infection, and atrial

Experimental
Study Total Mean SD Total Mean
Averin et al. 2015
Averin et al. 2015
Jeejeebhoy et al. 2002

12 55.70 5.2000
12 62.30 5.1000
19 43.70 12.5000

Control
SD Difference

12 52.90 5.1000 —
12 60.20 5.0000 ——— 0.40 [-0.41;1.21] 24.6%
17 46.70 13.4000 :
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fibrillation. One patient died during the study having
developed coagulopathy after an operation. Two patients
dropped out of the study in the supplement group, one after
developing diarrhoea and the other dropped out after
developing renal failure caused by renal artery stenosis.
A further study reported that one patient in the supplementation
group died of hepatoma®.

Focussed analysis on long-term taurine treatment

A preliminary report of a long-term study of taurine
administration in 103 chronic HF patients added to conventional
therapy described that after three months, 60% of the taurine
group were subjectively considered by investigators to have
symptomatic improvement compared to 20% in the non-taurine
group (no placebo was used in the study). After one year,
30% of patients reported that they felt moderately better
with 44% feeling slightly better compared to just 24% of
the non-taurine group feeling slightly better. At the same
timepoint, 39% of patients on taurine had better breathless-
ness on exertion, while only 15% in the non-taurine group
had this decreased breathlessness alongside 10% worsening.
Lack of energy and swelling in ankles or legs improved
less frequently and deteriorated more in patients in the
non-taurine group®. This was the only study assessing long-term
taurine supplementation.

The effect of taurine administration on DCM and heart
failure

While many traits were examined for alteration by taurine
administration, such as imaging and exercise (Extended data:
Table S1), only ejection fraction (EF), stroke volume (SV),
and NYHA were analysed across at least three studies from
different authors and could be included in a meta-analysis.
EF and SV were not significantly different across three studies,
with the analysis of SV showing high heterogeneity (I = 93%)
(Figure 3 and Figure 4). This may be due to the small sample
size of the studies and the inclusion of mixed heart failure

Standardised Mean

SMD 95%-Cl Weight

0.52 [-0.29; 1.34] 24.3%

-0.23 [-0.88; 0.43] 33.1%

Azuma et al. 1992 10 47.00 9.4900 7 41.00 10.5800 0.57 [-0.42; 1.56] 18.0%
Random effects model 53 48 _ 0.25 [-0.38; 0.89] 100.0%
Prediction interval [-1.09; 1.60]

Heterogeneity: /% = 0%, ©° = 0.0584, p = 0.39

[ T I T | 1
-15-1-05 0 05 1 15

Figure 3. Assessment of the effect of taurine supplementation on ejection fraction (%) in all-cause HF patients. The plot depicts
a trend to increase EF, described from three studies (two cohorts from one study). Taurine supplementation was not significant in altering

ejection fraction in all-cause HF patients.
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Experimental Control
Study Total Mean SD Total Mean SD
Averin et al. 2015 12 73.80 4.3000 12 73.50 3.1000
Averin et al. 2015 12 70.20 4.8000 12 72.80 2.6000

Azuma et al. 1992
Jeejeebhoy et al. 2002

10 84.00 22.1400
19 64.70 4.6000
Random effects model 53 48
Prediction interval

Heterogeneity: 12 = 93%, 1% = 4.5367, p < 0.01

7 63.00 21.1700
17 78.90 0.1000

Wellcome Open Research 2022, 7:9 Last updated: 05 JUL 2022

Standardised Mean

Difference SMD 95%—-Cl Weight

= 0.08 [-0.72; 0.88] 25.4%

= -0.65 [-1.48; 0.17] 25.4%

e 092 [-0.11; 1.94] 24.9%

—_— -4.15 [-5.36;-2.94] 24.3%

_ -0.93 [ -4.43; 2.58] 100.0%

[-11.25; 9.39]

[ I I 1
-0 -5 0 5 10

Figure 4. Assessment of the effect of taurine supplementation on stroke volume (ml) in all-cause HF patients. The plot depicts
a trend to reduce SV, described from three studies (two cohorts from one study). Taurine supplementation was not significant in altering

stroke volume in all-cause HF patients.

aetiologies. NYHA class was described to improve in two
studies by the same author; for 5/7 patients (71%), an
improvement to NYHA class II after 4 weeks of taurine contin-
ued as long as taurine was continued for 3 to 12 months®; and
improvement in NYHA class was observed in 4/14 patients
(29%) administered taurine without worsening, compared
to no patients improving on the placebo alongside 2/14 worsening

in NYHA class (14%)'®.

DCM has been defined by the presence of fractional
shortening <25% or EF <45%, and LV end-diastolic diameter
>117%". There were only two studies that assessed the effect
of taurine administration on left ventricular diastolic diameter;
one was not significant'” and another described left ventricular
diastolic ~ “dimension”, presumably in millilitres (units
were not specified), that reduced with supplementation in
four individuals from a mean of 51 (+/- 13) to 44 (+/- 11)*.
End diastolic volume (EDV) was assessed in two studies;
in one (n=4), supplementation nominally reduced mean
LVEDV from 131 ml (+/- 75 ml) to 94 ml (+/- 58 ml)*,
and in the other (n=38), supplementation was associated
with significantly reduced EDV from 171 ml (+/- 50 ml) to 159
ml (+/- 51 ml)". Further assessment of these parameters in a
DCM-specific cohort would aid our understanding of the
influence of taurine supplementation on the heart.

Discussion

The aim of the systematic review was to identify the current
literature describing the effects of taurine on DCM and HF
in humans and assess whether it may be a novel therapeutic
option for patients. This review identified eleven studies
that met criteria for inclusion but were not specific to DCM
patients. Inclusion criteria to the studies was for all-cause
heart failure patients with EF <50%. Only one paper was
deemed high quality using the NOQAS assessment tool,
therefore, 91% of included studies were “fair” or less in
quality. Seven of the eleven articles (63%) were published

by two groups of researchers; in many cases the articles
shared summary information and missing values. Administration
of taurine supplements varied across all studies; by dose
(500 mg to 6g per day), by frequency of supplementation
(once to thrice daily), by delivery method (tablet, capsule,
drink, powder), and by duration of the supplementation
(2 to 48 weeks). Only 55% of studies included a placebo
group when assessing the effects of taurine supplementation.

While many studies reported significant improvements in
LVEF, LVEDV, LVMMi, exercise capacity and haemody-
namic parameters, we could only include two parameters in a
meta-analysis of three placebo-controlled studies; EF and SV,
which were both not significant. Thus, most studies assessed
LV function, but not chamber dimensions which are essential
to the diagnosis of DCM.

Taurine supplementation had few safety concerns reported
in the studies’. As we cannot conclude whether taurine
supplementation is beneficial to patients with DCM from
this systematic review, we plan to undertake a formal clinical
trial to address this, and to investigate whether improvement

is only observed in taurine deficient patients.

There were several limitations to the review process. The
exclusion of non-English articles, and pre-print articles
that are not included in the databases searched, may have
excluded articles that would otherwise reach inclusion criteria.
In addition, there are reported limitations to using the NOQAS
tool that have been discussed elsewhere**’.

Conclusion

Taurine  supplementation as a treatment for dilated
cardiomyopathy would be a much needed and cost-effective
addition to current therapeutics for DCM patients. This review
cannot conclude whether taurine supplementation is beneficial
to DCM patients, as current human studies include small sample

Page 8 of 12



sizes with heterogeneous patient inclusion for all-cause heart
failure. A clinical trial is required to assess whether taurine
supplementation is beneficial to patients with DCM.

Data availability

Underlying data

All data underlying the results are available as part of the article
and no additional source data are required.

Extended data
Zenodo: kmecgurk/TaurineDCM: First release, https://doi.org/
10.5281/zenodo.5785673%
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?

Abdallah Al-Mohammad

T Department of Infection, Immunity & Cardiovascular Disease, University of Sheffield, Sheffield,
UK
2 Cardio-thoracic Directorate, Sheffield Teaching Hospital NHS Foundation Trust, Sheffield, UK

In their systemic review of the effects of taurine administration in patients with either dilated
cardiomyopathy or indeed other types of heart failure, McGurk et al. attempted to learn the
impact of taurine supplementation on the symptoms, severity or clinical outcome of patients with
these syndromes. The authors were confronted with relative paucity of data specific to dilated
cardiomyopathy (DCM), even though the basic scientific principles underpinning their interest in
the topic stem from an observation related to risk of DCM being associated to a defect in the locus
of the sodium- and chloride-dependent taurine transporter gene (SLC6A6).

The authors accepted studies that ranged from case reports, with loose definition of the syndrome
in question including patients whose heart failure was related to ischaemic heart disease. The
latter group of patients are unlikely to have a common base with DCM. This approach while
justified on the basis that taurine was administered in these studies, is less likely to lead to reliable
answers to the questions posed.

The authors reported as one of the weaknesses of the studies reviewed: lack of description of the
heart failure cause. This is a major problem if we were to use the data thus collected to make
statements about the role of taurine and its deficiency in the pathogenesis/aetiology of dilated
cardiomyopathy. Indeed, no study was specific for DCM. The authors correctly concluded that no
conclusion about the potential benefit of taurine in DCM patients could be reached.

Although they included eleven studies, there was duplication of reporting of cases as 63% of the
papers came from two groups. It is noticeable that the improvement in the patients’ well-being
was only tested in one of the 11 studies. This diminishes the reliability of the systemic review's
ability to assess the impact of taurine supplementation on the symptoms or the outcome. In
addition, only 55% of the studies included placebo group. The latter further minimises the
reliability of the results of the remaining studies in informing us about any potential impact of the
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proposed therapy.

The authors looked at parameters such as ejection fraction and stroke volume and concluded
effectively that there is no demonstrable impact of taurine on the outcome. I personally do not
think that the absence of positive results in here necessarily provides us with more than a
methodological exercise.

When one is yet to be certain about the aetiological impact of a genetically determined defect, one
should concentrate the efforts on the subset of patients certain to have that defect, before
attempting to test the therapeutic impact of the intervention.

Notwithstanding those caveats, we remain totally uncertain whether the effects of taurine
supplementation would be detectable after brief courses of therapy.

I would not agree with the first part of the conclusion by the authors about taurine being expected
to be a much needed therapy and that it would be cost effective for patients with DCM. Having
said that, I support the last part of their conclusion that a clinical trial is needed to assess whether
taurine supplementation is beneficial for patients with DCM. They are also correct that such a
study needs to address whether the benefit of taurine would be limited to taurine-deficient
patients or not.

It would, however, be vital to assess in a cohort of patients with DCM, the incidence of taurine
deficiency, the incidence of the genetically determined deficiency and then to study the impact of
taurine supplementation on symptoms, quality of life, imaging and haemodynamic parameters
before assessing the impact of that therapy on outcomes such as hospitalisation or survival.

Their manuscrlpt reqguires some corrections:
> In the introduction, paragraph 1, the cMR definition of DCM includes (LV end-diastolic
diameter >117%). The authors are advised to add that this refers to 117% of the upper
normal range.

> In the introduction, paragraph 2, the authors stated (which corrected with taurine
supplementation after 24-months). This should be corrected into (which was corrected with
taurine supplementation after 24-months).

> In the introduction, paragraph 3, the authors stated (Taurine, or 2-aminoethanesulfonic
acid, is an essential amino acid and deficiency causes photoreceptor cell degeneration.) This
should be corrected to become: (Taurine, or 2-aminoethanesulfonic acid, is an essential
amino acid and its deficiency causes photoreceptor cell degeneration.)

> In the methods, in the search strategy, the terms used included at the end [OR Left

ventricular]. There is clearly a word missing here and they need to clarify the missing word
there.

Are the rationale for, and objectives of, the Systematic Review clearly stated?
Yes

Are sufficient details of the methods and analysis provided to allow replication by others?
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Yes

Is the statistical analysis and its interpretation appropriate?
Yes

Are the conclusions drawn adequately supported by the results presented in the review?
Partly
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Reviewer Expertise: Heart failure epidemiology and therapeutics. Cardiac imaging. Infective
endocarditis.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.
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