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Abstract

Background: Type 2 diabetes mellitus (T2DM) has been established as an important independent risk factor for aortic stenosis.
T2DM patients present with a higher degree of valve calcification and left ventricular dysfunction compared to patients without
diabetes. This may be due to an increase in incidence and severity of myocardial fibrosis. Currently, there is no reliable method
of determining the optimal timing of intervention for a patient with asymptomatic aortic stenosis or predicting when a patient
will become symptomatic. Research into serum biomarkers to predict subclinical onset and track progression of aortic stenosis
is hampered by the multimodal nature of the pathological processes ultimately responsible for aortic stenosis.

Objective: Theaim of thisstudy isto provethat an approach using acombination of serum biomarkers and the echocardiographic
parameter global longitudinal strain (GLS) can be used to establish baseline status of fibrocalcific aortic valve disease, predict
rate of progression, and quantitatively assess any regression of these processes following aortic valve replacement in patients
with T2DM.

Methods: Validated serum biomarkers for the separate processes of calcification, inflammation, oxidative stress and fibrosis
can be used to quantify onset and rate of progression of aortic stenosis. This, in combination with the echocardiographic parameter
GLS, can be compared with other objective investigations of calcification and fibrosis with the aim of developing a quick,
noninvasive one-stop assessment of aortic stenosisin patientswith T2DM. The serum biomarkers BNP (B-type natriuretic peptide),
Gal-3 (Galectin-3), GDF-15 (growth differentiation factor-15), sST2 (soluble suppression of tumorigenicity 2), OPG
(osteoprotegerin), and microRNA 19b and 21 will be sampled from patients undergoing aortic valve replacement (with and
without T2DM), patients with T2DM but without aortic valve disease and healthy volunteers. These patients will also undergo
computed tomography (CT) scans for calcium scoring, magnetic resonance imaging (MRI) to quantify myocardial fibrosis, and
myocardial strain imaging with speckle-tracking echocardiography. Samples of calcified native aortic valve and a biopsy of
ventricular myocardium will be examined histologically to determine the quantity and distribution of calcification and fibrosis,
and the secretome of these tissue samples will also be analyzed for levels of the same biomarkers as in the serum samples. All
patients will be followed up with in 3 months and 12 months for repeat blood sampling, echocardiography, and CT and MRI
imaging to assess disease progression or regression. The results of tissue analysis and CT and MRI scanning will be used to
validate the findings of the serum biomarkers and echocardiographic assessment.

Results. Using al of the information gathered throughout the study will yield aranking scale for use in the clinic, which will
provide each patient with a fibrocal cific profile. This can then be used to recommend an optimal time for intervention.
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Conclusion: A reliable, validated set of serum biomarkers combined with an inexpensive bedside echocardiographic examination
can now form the basis of a one-stop outpatient-based assessment service, which will provide an accurate risk assessment in

patients with aortic stenosis at first contact.
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2019;8(8):€13186) doi: 10.2196/13186
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Introduction

Aortic stenosis (AS) remainsthe most common valvular disease
in adults, with a prevalence of 5% in people over the age of 65
years [1]. While type 2 diabetes mellitus (T2DM) has been
established as an independent risk factor for this disease, little
is understood about the precise nature of this association.
Initialy, it was attributed to the same inflammatory processes
involved in the development of coronary artery disease (CAD)
[2]. Thistheory isnow in doubt as modulation of coronary risk
factors do not reduce the incidence of aortic stenosis in these
patients [3]. Advanced stages of AS warrants surgical aortic
valve replacement (AVR) [4]. Despite the ad of
echocardiographic parameters allowing for delineation of mild,
moderate and severe aortic stenosis, the single prevailing
indication for surgical intervention isthe severity of symptoms

[5].

The physiological narrowing of the valve which limits the
outflow of blood isthe end result of acomplex array of cellular
mechanisms that culminate in two distinct but intertwined
pathological processes: calcification and fibrosis [6]. These
mechanisms are also responsible for the stiffening and loss of
elasticity of ventricular muscle due to abnormal deposition of
collagen, a process termed myocardial fibrosis [7]. Currently,
there is no reliable method of ascertaining if, or how soon, a
patient with asymptomatic ASwill become symptomatic. Given
that these cellular modulations occur insidiously _presumably
over a duration of time prior to the onset of symptoms_it is
likely that the ventricular myocardium will have sustained a
degree of fibrotic insult prior to identification of the need for
aortic valve replacement. This current approach to guiding
therapy has the potential pitfall of depriving these patients of
the therapeutic effect of early reverse remodeling of the
ventricle. Thisisaprocesswhere stiffened, fibrotic myocardium
hasthe potential to regresstoitsinitial elastic, nonhypertrophic
state once ventricular afterload (secondary to stiffening by
cacification and fibrosis) is reduced by AVR [8].

As the presence of T2DM has been shown to accelerate the
progression of aortic stenosis, it is not unreasonableto conclude
that patients with T2DM who develop severe aortic stenosis
warranting AVR may have more advanced underlying
myocardial fibrosis. Thismay not be amenableto the beneficial
phenomenon of reverse-remodeling following replacement of
the valve; such T2DM patients may benefit from early AVR.
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A reliable strategy of tracking the cadence of disease progression
and susceptibility to reverse-remodeling istherefore necessary,
asthiswould optimize timing of surgery for high-risk patients.
We hypothesize that a method utilizing biomarkers for the
tracking of underlying cellular processes culminating in aortic
stenosis shows promise in achieving this.

Methods

Presentation of the Hypothesis

The identification of a specific serum biomarker which can
provide both an insight to the static state of a pathological
process and track its progression (and subsequent regression
following appropriate intervention) has proved challenging.
Thisis due to the multimodal nature of the mechanisms which
ultimately culminate in stiffening of the aortic valve. However,
as aresult of various studies of calcification and fibrosisin the
heart, there is consensus that four core subprocesses are
synergistically responsible in achieving the endpoint of aortic
stenosis: valve mineralization (calcification), local inflammation,
oxidative stress and ventricular fibrosis[9]. Within the domain
of each subprocess, several promising biomarkers have shown
acceptable specificity [10]. Here, we hypothesize that an
approach using a combination of serum biomarkers and the
echocardiographic parameter global longitudinal strain (GLS),
afunctional marker which will be discussed later, can be used
to establish baseline status of fibrocalcific aortic valve disease,
predict rate of progression and quantitatively assess any
regression of these processes following AVR in patients with
T2DM.

Serum Biomarkers

Figure 1 provides an overview of the site of expression of
relevant biomarkers. BNP (B-type natriuretic peptide), and its
prohormone NT-proBNP (n-terminal pro brain natriuretic
peptide), are neurohormones and markers of stretching of the
heart muscle. BNP is secreted by cardiomyocytes following
volume and pressure changes in the left ventricle. NT-proBNP
in particular demonstrates an incremental relationship with the
severity of aortic stenosis. Although inisolation this biomarker
isunabl e to distinguish between the pathol ogies of calcification
and fibrosis, it is valuable in ascertaining the cumulative
consequence of ventricular dysfunction and has predictive value
[11].
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Figurel. Location of biomarkers of inflammation, calcification, fibrosis, ventricular stress and remodelling in aortic valve and myocardial tissue which

will be compared to levels in serum. BNP, Brain Natriuretic Peptide; Gal-

3, Galectin-3; GDF-15, Growth Differentiation Factor 15; GLE, Global

Longitudinal Strain; miRNA, micro ribonucleic acid; OPG, Osteoprotegerin; sST2, Soluble ST2.
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SST2 (soluble suppression of tumorigenicity 2) isamember of
the IL1 (interleukin-1) receptor family and is a marker of
ventricular remodeling. sST2 levels increase with myocardial
stress and have been demonstrated to correlate quantitatively
with myocardial ischemia and heart failure. It is of particular
use as it correlates with echocardiographic assessment of
diastolic dysfunction and has been demonstrated to correlate
with heralding the onset of new symptoms in previously
asymptomatic aortic stenosis patients. High levels of sST2 are
an independent predictor of mortality following aortic valve
replacement surgery [12].

Gal-3 (Galectin-3) is a beta-galactoside-binding lectin and a
marker of inflammation and fibrosis of the myocardium, but it
isalso responsible for other processes such as regulating T-cell
function and apoptosis. Gal-3 has a limited role in predicting
progression of ventricular stiffening asit is also upregulated in
other conditions such as renal dysfunction. However, when
considered intandem with BNP, it has shown to have significant
predictive propertiesin the progression of heart failure [13].

The microRNAs 21 and 19b are specific small RNAs that are
19-25 nucleotides long which are postulated to regulate gene
expression related to various cellular mechanisms underpinning
cardiovascular function. Although assessment of these
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micro-RNAs is still in early stages, microRNA-21 has shown
good correlation with myocardial fibrosis. MicroRNA-19b has
shown promise in determining increased myocardia collagen
cross-linking in patients with aortic stenosis [14].

GDF-15 (growth differentiation factor-15) isa stress-responsive
cytokinethat is sensitive to inflammatory changes and apoptosis.
It isabundant in cardiomyocytes, adipocytes and macrophages
and has demonstrated good predictive value in heart failure,
vascular calcification and endothelial dysfunction. Like Gal-3,
itisupregulated in renal dysfunction and additionally in obesity
and insulin-resistant states such as diabetes. Although recent
work has established GDF-15 as a useful prognostic and
diagnostic marker of cardiometabolic disease in patients with
diabetes, reference ranges correlating to severity have not yet
been established [15].

OPG (osteoprotegerin) isamember of the tumor necrosisfactor
receptor family and isexpressed in early arteriosclerotic lesions
and vascular smooth muscle cells. It has an important role in
neocalcification, acting as a decoy receptor by binding to the
RANKUL (receptor activator kappa-B ligand) nuclear factor and
inhibiting the receptor activity of RANK (receptor-activated
kappa-B). This thus inhibits osteoclastic activity, which
ultimately leads to calcification. Modulation of this pathway

JMIR Res Protoc 2019 | vol. 8 | iss. 8 | €13186 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

by the action of anti-Ghrelin antibodies suppressing OPG
expressionisof particular interest in seceding calcification [16].

Global Longitudinal Strain asa Complimentary
Functional Marker

Speckle-tracing echocardiography is a relatively novel
echocardiographic technique which has been shown to be more
sensitive than conventional assessments of gection fraction
(EF) in the assessment of minute, regional wall motion
abnormalities (RWMA) and left ventricular function. It
correlates well with the presence and magnitude of myocardial
fibrosiswhen compared al ongside cardiac magnetic resonance,
as assessed through T1-mapping and late gadolinium
enhancement as quantification techniques. This noninvasive
imaging modality can serve as an additional functional marker
alongside the serum biomarkers mentioned above in the
assessment of severity of aortic cacification and in the
evaluation of reverse-remodeling postoperatively [17].

Testing the Hypothesis

Figure 2 outlinesthe process of biomarker testing in the relevant
patient cohorts. Gold standard assessments of aortic valve
calcification and myocardial fibrosis are direct microscopic
inspection of the excised aortic valve, following AVR, and a
biopsy specimen of the ventricular myocardium, respectively
[18]. Noninvasive imaging techniques done preoperatively,
Computed Tomographic (CT) Calcium Scoring for aortic valve
calcification and Late Gadolinium Enhancement magnetic
resonance imaging (MRI) for myocardia fibrosis, will

https://www.researchprotocols.org/2019/8/e13186/

Giritharan et al

corroborate the findings of direct inspection. These resultswill
be used to calibrate serum biomarkers and echocardiographic
findings for the subset of patients with severe AS undergoing
surgery.

Healthy volunteers and patients with milder, asymptomatic
forms of the disease will berecruited from outpatient cardiology
surveillance clinics to undergo serum biomarker sampling and
strain echocardiograms. They will then undergo CT and MRI
scans to investigate the relevance of these markers against
objective imaging findings. Thiswill enable the establishment
of baseline levels in healthy volunteers and grading of the
markers in mild, moderate and severe forms of disease.

Finally, postoperative patients will be followed up with in 3
months and 12 months following surgery where they will once
again undergo serum biomarker sampling and strain
echocardiography to assessfor evidence of reverse-remodeling.
Again, CT scans for calcium scoring and MRI scans will be
repeated to validate the significance of any downregulation of
these biomarkers.

The combination of biomarker and echocardiographic data
encompassing the entire spectrum of the disease from healthy
volunteers to patients with severe disease as well as disease
monitoring in postoperative patients will yield a ranking scale
for use in the clinic. This scale, once validated for
reproducibility in an appropriately powered study, will provide
each patient with afibrocalcific profile which can then be used
to recommend an optimal time for intervention.
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Figure2. Testing the hypothesis. Preoperative serum biomarkers and echocardiography will be compared to CT and MRI imaging to quantify calcification
and fibrosis. Samples of valve and myocardial tissue will be examined for calcification and fibrosis and compared to serum biomarkers. Follow-up
investigations will assessif upregulation or downregulation of biomarkers show reliable clinical correlation with disease progression or regression. AS:
aortic stenosis; AVR: aortic valve replacement; CT: computed tomography; MRI: magnetic resonance imaging.
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Results Discussion

Enrollment has not commenced for this study. Ethical approval A reliable, validated set of serum biomarkers combined with
was obtained from South Central - Hampshire A Research Ethics  an inexpensive bedsi de echocardiographi c examination can now
Committee (United Kingdom — REC: 18/SC/1062, IRAS: form thebasisof aone-stop outpatient-based assessment service
024397). Funding was obtai ned from the Wessex Heart Surgery  in providing an accurate risk assessment in patientswith AS at
Charitable Fund (registered charity #1051543). first contact. In patients with diabetes, therole of such aservice
can be expanded to an essential screening service given theless
favorable prognosis of aortic stenosis in this demographic.

https://www.researchprotocol s.org/2019/8/e13186/ JMIR Res Protoc 2019 | vol. 8 | iss. 8 | €13186 | p. 5

X SL F (page number not for citation purposes)
-FO

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Giritharan et al

Acknowledgments
This manuscript received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.

Authors Contributions

SG is responsible for the conceptualization of the hypothesis. SO provided guidance on the choice of biomarkers. FC and CT
recommended appropriate |aboratory techniques for analysis of the biomarkers. KS and SD designed the experimental model for
testing the hypothesis. All authors provided final critical review of the manuscript.

Conflictsof Interest
None declared.

References

1. GoAS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, BlahaMJ, et al. Heart disease and stroke stati stics--2014 update:
areport from the American Heart Association. Circulation 2014 Jan 21;129(3):e28-€292 [FREE Full text] [doi:
10.1161/01.cir.0000441139.02102.80] [Medline: 24352519]

2. Falcio-Pires|, Hamdani N, Borbély A, Gavina C, Schalkwijk CG, van der Velden J, et a. Diabetes mellitus worsens
diastalic left ventricular dysfunction in aortic stenosis through altered myocardial structure and cardiomyocyte stiffness.
Circulation 2011 Sep 06;124(10):1151-1159. [doi: 10.1161/CIRCULATIONAHA.111.025270] [Medline: 21844073]

3. NatorskaJ, Wypasek E, Grudzien G, Sobczyk D, Marek G, Filip G, et a. Does diabetes accel erate the progression of aortic
stenosis through enhanced inflammatory response within aortic valves? | nflammation 2012 Jun;35(3):834-840 [ FREE Full
text] [doi: 10.1007/s10753-011-9384-7] [Medline: 21935671]

4. Joint Task Force on the Management of Vavular Heart Disease of the European Society of Cardiology (ESC), European
Association for Cardio-Thoracic Surgery (EACTS), Vahanian A, Alfieri O, Andreotti F, Antunes MJ, et a. Guidelines on
the management of valvular heart disease (version 2012). Eur Heart J 2012 Oct;33(19):2451-2496. [doi:
10.1093/eurheartj/ehs109] [Medline: 22922415]

5. Aronow W. Indicationsfor Surgical Aortic Valve Replacement. Journal of Cardiovascular Diseases & DiagnosisJan 2013:4
[FREE Full text] [doi: 10.4172/2329-9517.1000e103]

6. Dweck MR, Boon NA, Newby DE. Calcific aortic stenosis: a disease of the valve and the myocardium. JAm Coll Cardiol
2012 Nov 6;60(19):1854-1863 [FREE Full text] [doi: 10.1016/j.jacc.2012.02.093] [Medline: 23062541]

7. AsbunJ, Villarreal FJ. The pathogenesis of myocardial fibrosisin the setting of diabetic cardiomyopathy. JAm Coll Cardiol
2006 Feb 21;47(4):693-700. [doi: 10.1016/].jacc.2005.09.050] [Medline: 16487830]

8.  Gyongyds M, Winkler J, Ramos|, Do Q, Firat H, McDonald K, et al. Myocardial fibrosis: biomedical research from bench
to bedside. Eur JHeart Fail 2017 Dec;19(2):177-191 [FREE Full text] [doi: 10.1002/ejhf.696] [Medline: 28157267]

9. Lindman BR, Clavel M, Mathieu P, lung B, Lancellotti P, Otto CM, et al. Calcific aortic stenosis. Nat Rev Dis Primers
2016 Dec 03;2:16006 [FREE Full text] [doi: 10.1038/nrdp.2016.6] [Medline: 27188578]

10. RedforsB, Furer A, Lindman B, Burkhoff D, Marquis-Gravel G, Francese D, et a. Biomarkersin Aortic Stenosis: A
Systematic Review. Structural Heart 2017 May 24;1(1-2):18-30 [FREE Full text] [doi: 10.1080/24748706.2017.1329959)]
[Medline: 27188578]

11. Seferovic PM. B-type natriuretic peptide in aortic stenosis: new insight in the era of biomarkers? J Am Coll Cardiol 2014
May 20;63(19):2026-2027 [FREE Full text] [doi: 10.1016/].jacc.2014.02.579] [Medline: 24681147]

12. Lopez B, Gonzélez A, Ravassa S, Beaumont J, Moreno MU, San José G, et al. Circulating Biomarkers of Myocardial
Fibrosis: The Need for a Reappraisal. JAm Coll Cardiol 2015 Jun 09;65(22):2449-2456 [FREE Full text] [doi:
10.1016/j.jacc.2015.04.026] [Medline: 26046739]

13. SadabaJR, Martinez-Martinez E, ArrietaV, Alvarez V, Fernandez-Celis A, IbarrolaJ, et al. Role for Galectin-3in Calcific
Aortic Valve Stenosis. JAm Heart Assoc 2016 Dec 04;5(11) [FREE Full text] [doi: 10.1161/JAHA.116.004360] [Medline:
27815266]

14. Beaumont J, Lopez B, Ravassa S, HermidaN, José GS, Gallego |, et al. MicroRNA-19bisapotential biomarker of increased
myocardial collagen cross-linking in patients with aortic stenosis and heart failure. Sci Rep 2017 Dec 16;7:40696 [ FREE
Full text] [doi: 10.1038/srep40696] [Medline: 28091585]

15. Sintek M, Quader N, Maniar H, Zgjarias A, Novak E, Vatterott A, et a. GDF15 and ST2 Identify Patients With Aortic
Stenosisand Severe Left Ventricular Hypertrophy At Increased Risk For Mortality After Aortic Valve Replacement. Journal
of the American College of Cardiology 2016 Apr;67(13):2195. [doi: 10.1016/S0735-1097(16)32196-9]

16. Irtyuga O, Malashicheva A, Zhiduleva E, Freylikhman O, Rotar O, Back M, et al. NOTCH1 Mutationsin Aortic Stenosis:
Association with Osteoprotegerin/RANK/RANKL. Biomed Res Int 2017;2017:6917907. [doi: 10.1155/2017/6917907]
[Medline: 28246602]

https://www.researchprotocol s.org/2019/8/e13186/ JMIR Res Protoc 2019 | vol. 8 | iss. 8 | €13186 | p. 6
(page number not for citation purposes)


http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=24352519
http://dx.doi.org/10.1161/01.cir.0000441139.02102.80
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24352519&dopt=Abstract
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.025270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21844073&dopt=Abstract
http://europepmc.org/abstract/MED/21935671
http://europepmc.org/abstract/MED/21935671
http://dx.doi.org/10.1007/s10753-011-9384-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21935671&dopt=Abstract
http://dx.doi.org/10.1093/eurheartj/ehs109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22922415&dopt=Abstract
https://www.omicsonline.org/open-access/indications-for-surgical-aortic-valve-replacement-2329-9517.1000e103.php?aid=17875
http://dx.doi.org/10.4172/2329-9517.1000e103
http://linkinghub.elsevier.com/retrieve/pii/S0735-1097(12)04150-2
http://dx.doi.org/10.1016/j.jacc.2012.02.093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23062541&dopt=Abstract
http://dx.doi.org/10.1016/j.jacc.2005.09.050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16487830&dopt=Abstract
https://doi.org/10.1002/ejhf.696
http://dx.doi.org/10.1002/ejhf.696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28157267&dopt=Abstract
http://europepmc.org/abstract/MED/27188578
http://dx.doi.org/10.1038/nrdp.2016.6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27188578&dopt=Abstract
http://europepmc.org/abstract/MED/27188578
http://dx.doi.org/10.1080/24748706.2017.1329959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27188578&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(14)01582-4
http://dx.doi.org/10.1016/j.jacc.2014.02.579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24681147&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(15)02025-2
http://dx.doi.org/10.1016/j.jacc.2015.04.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26046739&dopt=Abstract
http://www.ahajournals.org/doi/full/10.1161/JAHA.116.004360?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1161/JAHA.116.004360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27815266&dopt=Abstract
http://dx.doi.org/10.1038/srep40696
http://dx.doi.org/10.1038/srep40696
http://dx.doi.org/10.1038/srep40696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28091585&dopt=Abstract
http://dx.doi.org/10.1016/S0735-1097(16)32196-9
http://dx.doi.org/10.1155/2017/6917907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28246602&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Giritharan et al

17. Fabiani |, Scatena C, Mazzanti CM, Conte L, Pugliese NR, Franceschi S, et al. Micro-RNA-21 (biomarker) and global
longitudinal strain (functional marker) in detection of myocardial fibrotic burden in severe aortic valve stenosis: a pilot
study. J Transl Med 2016 Dec 27;14(1):248. [doi: 10.1186/s12967-016-1011-9] [Medline: 27567668]

18. Bertazzo S, Gentleman E. Aortic valve calcification: a bone of contention. Eur Heart J 2017 Dec 21;38(16):1189-1193
[FREE Full text] [doi: 10.1093/eurheartj/ehw071] [Medline: 26994153]

Abbreviations

AS: aortic stenosis

AVR: aortic valve replacement

BNP: brain natriuretic peptide

CAD: coronary artery disease

CT: computed tomography

EF: gection fraction

Gal-3: Galectin3

GDF-15: growth differentiation factor 15
GLS: global longitudinal strain

IL1: Interleukin-1

MRI: magnetic resonance imaging
NT-proBNP: n-terminal pro brain natriuretic peptide
OPG: osteoprotegerin

RANKL: receptor-activated kappa B ligand
RNA: ribonucleic acid

RWMA: regional wall motion abnormality
SST2: soluble suppression of tumorigenicity 2
T2DM: type 2 diabetes mellitus

Edited by G Eysenbach; submitted 18.12.18; peer-reviewed by M Banovic, A Korchi; comments to author 14.04.19; revised version
received 27.04.19; accepted 27.04.19; published 12.08.19

Please cite as:

Giritharan S, Cagampang F, Torrens C, Salhiyyah K, Duggan S, Ohri S

Aortic Stenosis Prognostication in Patients With Type 2 Diabetes: Protocol for Testing and Validation of a Biomarker-Derived Scoring
System

JMIR Res Protoc 2019;8(8):€13186

URL.: https://www.researchprotocols.org/2019/8/e13186/

doi: 10.2196/13186

PMID: 31407670

©Suresh Giritharan, Felino Cagampang, Christopher Torrens, Kareem Salhiyyah, Simon Duggan, Sunil Ohri. Originally published
in IMIR Research Protocols (http://www.researchprotocol s.org), 12.08.2019. Thisis an open-access article distributed under the
terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the origina work, first published in IMIR Research Protocols, is
properly cited. The complete bibliographic information, a link to the original publication on http://www.researchprotocols.org,
aswell asthis copyright and license information must be included.

https://www.researchprotocols.org/2019/8/e13186/ JMIR Res Protoc 2019 | vol. 8 | iss. 8| 13186 | p. 7
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.1186/s12967-016-1011-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27567668&dopt=Abstract
http://europepmc.org/abstract/MED/26994153
http://dx.doi.org/10.1093/eurheartj/ehw071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26994153&dopt=Abstract
https://www.researchprotocols.org/2019/8/e13186/
http://dx.doi.org/10.2196/13186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31407670&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

