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Abstract

Background: Aortic stenosis (AS) is the most common valvuleath disease. While two-
dimensional transthoracic echocardiography (2D-TiEEBhe standard imaging modality for
AS assessment, cardiac magnetic resonance (CMR)so#H reliable and reproducible
alternative. The aim of this study was to compa¥®Aneasurements as determined by TTE
and CMR in patients with AS.

Methods: Electronic databases were searched in order tatiiglestudies comparing TTE
continuity equation to CMR planimetry for AVA assegent. A meta-analysis of mean
difference was conducted using the random effectsdein Sensitivity analysis was
performed, after excluding studies reporting AVAdemed to body surface area (BSA).
Heterogeneity was assessed wfth |

Results: A total of 12 studies, encompassing 621 patiemtse included in our systematic
review. In the pooled analysis, measurements of AWACMR planimetry were found to be
significantly higher than those calculated by tloatmuity equation in TTE (pooled mean
difference: 0.09, 95% CI: 0.01, 0.17 93%). The results remained significant, albeithwi
moderate heterogeneity this time, after excludimmgnf the analysis measurements of AVA
indexed to BSA (pooled mean difference: 0.08, 95%0®3 to 0.13,%61%).

Conclusions. CMR-planimetry slightly overestimates AVA comparéal TTE-continuity
equation. Although, 2D-TTE should be the primarnagimg modality for the estimation of
AVA, CMR may be useful when there is discrepancthwihe clinical assessment, or when

TTE results are discordant or difficult to obtain.

Keywords. aortic stenosis; aortic valve area; cardiovascutaagnetic resonance;

transthoracic echocardiography



1. Introduction

Aortic stenosis (AS) is the most common valvularatedisease, affecting
predominantly the elderly in terms of degeneratakification of the valve. The estimated
prevalence of AS is 4-5% in adults aged over 65lennore than one in eight people above
the age of 75 suffer from moderate or severéA3/oreover, 50% of symptomatic patients
with severe AS will die within one year of symptamset without aortic valve replacement,
highlighting the eminent need for early diagnosisl accurate grading of the disedse
Current guidelines for the treatment of AS recomdnealve replacement in all patients with
severe AS, when symptoms and/or ventricular decosgi®n are presenf.

Two-dimensional transthoracic echocardiography T2E) is the most commonly
used imaging modality for the quantification andssiification of AS severity in everyday
clinical practicd. However, TTE has limitations (i.e. poor acoustiindow, operator-
dependency) that render accurate quantificatioASfproblematic in some cases, especially
when discordant results among different stenotdices are observed. On the other hand,
cardiovascular magnetic resonance (CMR) offersliable and reproducible alternative for
the assessment of aortic valve area (AVA), progdialso structural and functional
information for the left ventricl&® .

In this study, we aimed to compare AVA measuremastsietermined by 2D-TTE

and CMR in patients with AS.

2. Methods

2.1 Information sources - Search Strategy

This systematic review and meta-analysis was pmddraccording to the Preferred
Reporting Items for Systematic Reviews and Metdysea (PRISMA) guidelined’. The
electronic databases Medline (Pubmed), Embase awtir@ne Library were searched for

eligible studies by two independent reviewers (OR). The search algorithm included the



following keywords and MeSH terms: [(MRI OR CMR OPRardiac magnetic resonance"
OR "cardiovascular magnetic resonance” OR "magmesonance imaging") AND "aortic

stenosis"]. The reference lists of the includedlistsiwere also searched for relevant studies.

2.2 Eligibility criteria

A study was deemed to be eligible for this syst&megview, if the following
inclusion criteria were fulfilled: (i) studies comng AVA (or AVA indexed to body surface
area — BSA) measurements between 2D-TTE and CMgatients with AS; (ii) AVA was
calculated by the continuity equation in TTE anddiect planimetry in CMR with steady

state free precession (SSFP) technique; (iii) ghbli in any language up to May, 2019.

2.3 Sudy selection and data collection
Two independent reviewers (TR, CP) assessed tlgthibty of the potentially

included studies, according to the inclusion cigteA study was considered to be eligible, if
both reviewers agreed. Pre-specified forms wered use extract the clinical and
epidemiological data of the included studies. Whterlies with duplicated populations were

identified, only the larger one was included in &malysis.

2.4 Data synthesis

In this meta-analysis pooled mean difference of AWAeasurements with
corresponding 95% confidence intervals (Cl) werkwated. The random effects model
(Mantel-Haenszel method) was used to account fiwdsn study heterogeneity. Sensitivity
analysis including only AVA measurements (withouVA indexed to BSA) was also
performed. Heterogeneity among studies was assegisied® statistic. Values lower than
25% indicated low heterogeneity, while values @eathan 75% indicated severe
heterogeneity™. Funnel plot was used to graphically illustrate tisk of publication bias. All
statistic calculations were performed using Revmarsion 5.3 (Copenhagen: The Nordic

Cochrane Center, The Cochrane Collaboration, 2014).



2.5 Risk of biasin individual studies
Quality assessment of the included studies wa®peed using the quality appraisal

tool for studies of diagnostic reliability (QARELY. Two independent reviewers (TR, CP)
answered for each study a QAREL form consistingle¥en items. Each item was answered
as “Yes”, “No” or “Unclear”. A study was consideréalbe low risk of bias overall, if all key

domains were answered as “Yes”, otherwise it wdggd as moderate or high risk of bias.

3. Resaults

3.1 Sudy selection and study characteristics

A total of 2734 studies were identified throughrshang electronic databases and 41
were assessed for eligibility. Finally 12 studiesmcompassing 621 patients, met the
inclusion criteria and were included in the metatgsis *'42*241>22 The detailed flow
diagram can be seenkgure 1.

All eligible studies were published after 2002 axwhducted in Europe. Six studies
had a prospective design'®8192223\yhijle the rest were retrospective™*!"20?12¢CMR
examinations were conducted on a 1.5T scannet stualies, except for the study by Levy et
al. # which was conducted on a 3T scanner. In threeiestudnly AVA measurements
indexed to BSA were reportéd?? The number of enrolled patients ranged from 2528
among the included studies. The mean age of tla population was 73.6 years and 58%
were males. Apart from the study by La Manna et®alvhere data on cardiac function were
not reported, in all other eligible studies meaih Ventricular ejection fraction was higher
than 50%, ranging from 52% to 65%. The number diepts with concomitant aortic
regurgitation was reported in six studies (131 @fu244 patients; 53.7%) *"** while five
studies reported data on the presence of bicugptat aalve (63 out of 249 patients; 25.3%)

13.1517.2324 Details on baseline characteristics of the inetudtudies are presentedTiable



1. Visual inspection of the funnel plot did not shpublication biasQupplementary Figure

1). Finally, risk of bias was found to be low in mhetudies Supplementary Figure 2).

3.2 Satistical synthesis of individual results
In the pooled analysis, measurements of AVA by CM&imetry were found to be

significantly higher than those calculated by tlatouity equation in TTE (pooled mean
difference: 0.07, 95% CI: 0.02, 0.13igure 2), with high between-study heterogeneity
(1>=90%). The results remained significant, albeit hwinoderate heterogeneity, after
excluding from the analysis measurements of AVAeketl to BSA (pooled mean difference:

0.08, 95% CI: 0.03 to 0.1F461%) Supplementary Figure 3).

4. Discussion

This was a systematic review and meta-analysis taflies comparing AVA
measurements between 2D-TTE and CMR in patients Aft. The main finding of our study
is that CMR planimetry overestimates AVA measuretsieccompared to those obtained by
TTE using the continuity equation method. This figdhas important implications for the
determination of optimal CMR-based cut-offs fortaovalve replacemerft.

Our findings are in agreement with previous studiesparing planimetry-based to
continuity equation-derived AVAs. Pouleur et alhostudied a mixed population of patients
(with or without AS), showed that direct planimetperformed by CMR or transesophageal
echocardiography (TEE), was associated with highék measurements than those derived
by TTE-continuity equation (mean AVAs: 2.1+1.7 Tas. 1.8+1.4 cfy p<0.001 for CMR
vs. TTE and 2.1+1.6 chvs. 1.8+1.4 crf) p<0.001 for TEE vs. TTEP. This overestimation
can be explained by the fact that the echocardpbgcacalculation of AVA is based on
geometrical assumptions. The turning point, whishially accounts for most errors in the
calculation of AVA using the continuity equatiors the measurement of left ventricular

outflow tract (LVOT) diameter, which is based om tissumption that LVOT has a circular



shape. Importantly, this parameter must be squarddtermine LVOT area, thus amplifying
any divergence between the calculated effectivieccerarea and the anatomical orifice area
2728 Moreover, poor alignment of the ultrasound beaith vaortic flow may further
complicate the assessment of AVA leading to imge@stimations, especially in patients
with inadequate acoustic windows.

On the other hand, CMR overcomes the aforementidimadations, providing
reliable and objective measurements of AVA withedirplanimetry. The ability of CMR-
planimetry to accurately estimate AVA has been daéd against TEE and cardiac
catheterization. Specifically, Friedrich et al. sleol that CMR-planimetry correlated well
with hemodynamic measurements of AVA (r: 0.78) Along those lines, Kupfahl et al.
investigated the ability of non-invasive imaging dabties to detect severe AS, as
determined by cardiac catheterization. CMR-planignehad the best performance
(sensitivity: 78%, specificity: 89%), compared tdH-continuity equation (sensitivity: 74%,
specificity: 67%) and TEE-planimetry (sensitivispecificity: 70%)".

Apart from its reliability, CMR confers prognosiitformation in patients with AS. A
recent meta-analysis showed that the presencetefgkdolinium enhancement (LGE) by
CMR was a powerful predictor of all-cause mortality patients with AS and preserved
ejection fraction (pooled OR: 2.56, 95% CI: 1.833t67)%°. Similar results have been also
reported for novel tissue characterization CMR méghies. Interestingly, Lee et al. found that
T1 mapping was significantly associated with adeeyatcomes in AS (adjusted HR: 1.28,
95% CI: 1.10 to 1.46, per 20-ms incremefit)Although CMR is a valuable imaging tool in
the field of valvular heart diseases, further redeas needed to establish its role in daily
clinical practice.

Our study has some limitations. First, this wasetaranalysis of real world studies

and thus should be interpreted within the contéxalbservational research and its inherent



limitations. Second, several of the eligible stedmad a retrospective design and included a
relatively small number of patients in their anakysvith a considerable heterogeneity among
the included studies. Third, a substantial propartof patients in our meta-analysis had
concomitant aortic regurgitation. Thus, echocandipgic but not CMR measurements, may
have been affected, leading to inaccurate AVA datmns. Fourth, this meta-analysis
included studies in AS patients with preservedt&adraction. Data on AVA calculation by
CMR in AS patients with impaired LV function areasce. Current evidence suggests that
CMR planimetry of the aortic valve is adequate hese patients and the need for
normalization of flow with pharmacological stresaymot always be clinically necessary.
Finally, we were not able to make comparisons betwsher imaging techniques (i.e. CMR-
planimetry vs. TEE-planimetry) due to limited datahe existing literature.

Our meta-analysis demonstrates that CMR-planin®tgyestimates AVA, compared
to TTE-continuity equation a finding that could Bawajor implications for clinical decision-
making. There is no doubt that 2D-TTE should be ghienary imaging modality for the
estimation of AVA. However, CMR may be useful whtrere is discrepancy with the
clinical assessment, or when TTE results are disadror difficult to obtain. Future studies
should explore whether CMR can guide managemepiatients with AS and identify the

ideal AVA cut-off to predict outcomes.
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TABLE

Table 1: Demographics and Baseline Characteristics of Ireddusitudies

Time interval
Number Age, years LVEF, % between Echo
of (mean Female | (Meant AR BAV CAD and CMR
Author Country Study Design patients | AS severity SD) (%) SD) (%) (%) (%) performance
Friedrich
etal.,
2002 Germany | Retrospective 25 > Moderate 6418 NA 55+12 40 20 64 Within 4 weeks
Kupfahl
etal.,
2004 Germany | Retrospective 44 Severe 719 38.6 63 +16 52 NA NA 10 + 8 days
Reant et
al., 2006 France Prospective 39 > Mild 71.7+7.6 36 NA 66.7 12.8 NA
Malyar et
al., 2008 Germany | Prospective 42 > Mild 7148 36 52+13 52 NA 43 1 day
Puymirat
etal., 54.4 +
2010 France Retrospective 63 Severe 72+ 10 45 10.2 56 16 NA NA
La
Manna et
al., 2011 Italy Prospective 49 Severe 80.8+ 4.8 57.1 NA NA NA 22.4 Within 3-5 days
Paelinck
etal., 83.5 (67- 67.3 (28-
2011 UK Prospective 24 Severe 88)° 66 83)* NA NA NA NA
Nickl et
al., 2012 Germany | Retrospective 38 > Moderate 7319 42 64112 NA NA 66 NA
Pontone
etal., Retrospective 553+
2013 Italy 50 Severe 79.6%7.5 46 13.9 NA NA NA NA
Barone -
Rochette
etal.,
2013 Belgium Prospective 128 Severe 73111 41 65+9 NA NA NA Same day
Levy et
al., 2016 France Prospective 91 > Moderate 74+10 64 62+10 NA 42 34 Within 24 hours
Mantini
etal., 63.5+
2018 Italy,UK Retrospective 31 > Moderate 69110 32 18.6 48.3 16.1 NA Within 7 days

® Mean (range)
AS: Aortic Stenosis; AR: Aortic Regurgitation; BAV: Bicuspid Aortic Valve; CAD: Coronary Artery Disease; CMR: Cardiac Magnetic Resonance; LVEF: Left
Ventricular Ejection Fraction; NA: Not Available/Applicable; SD: Standard Deviation; UK: United Kingdom;

13




FIGURE CAPTIONS

Figure 1: PRISMA diagram flow chart.
The selection process is reported according toeRef Reporting Items for Systematic

Reviews and Meta-analyses (PRISMA) guidelines

Figure 2. Forrest plot for the association of aortic valve area (AVA) measurements
between transthoracic echocardiography (TTE) and cardiac magnetic resonance
(CMR) in patientswith aortic stenosis (AS).

Overall CMR planimetry measurements were found eoslgnificantly higher than those
calculated by the continuity equation in TTE (pablaean difference: 0.07, 95% CI: 0.02,
0.13). Between-study heterogeneity was found thigpe (P=90%).

Supplementary Figure 1: Funnel plot of studies participating in meta-analysis.
The funnel plot shows a symmetrical distributiorthed participating studies.

Supplementary Figure 2: Risk of bias according to quality appraisal tool for studies of
diagnostic reliability (QAREL).
The risk of bias was found to be low in most of shiedies participating in meta-analysis.

Supplementary Figure 3: Forrest plot excluding studies with body surface area (BSA)
associated aortic valve area (AVA) measur ements.

After excluding from the analysis measurements ¥AAndexed to BSA it was shown that
cardiac magnetic resonance overestimates AVA comdparwith transthoracic
echocardiography in patients with aortic stenopsoled mean difference: 0.08, 95% CI.

0.03 to 0.13). Heterogeneity in this subgroup ysialwas found to be moderat&=$1%).

14



] [ Identification ]

| [ seeenne

Eligibility

Included

Records identified through
MEDLINE, EMBASE and
Cochrane searching
(n = 2813)

Records after duplicates remaved
(n=2734)

l

Records screened

Records excluded after
Title/, act screen

(n=2734)

¥

Full-text articles assessed

(n=41)

(n = 2693)

for eligibility —

Full-text articles excluded
(n=29)

Studies included in our

meta - analysis
(n=12)




Journal Pre-

it

|




CMR echo Mean Difference Maan Difference
Study or Subgroup Mean 50 Total Mean SD Tolal Weight IV, Random, 95% Cl IV, Random, 95% Cl
Barone-Rochefie 2013 053 007 128 037 006 128 105% 016014, 018] -
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Pontone 2013 0.4 [i%] 50 04 04 S50 101% 0.00 [-0.04, 0.04] -T
Puymnirat 2010 067 0148 B3 0r ox 63  92% -003[010,004] -r
Reant 2006 042 029 3\ 075 028 W A% 047 [0.04, 0.30] =
Tatal (95% C) 604 619 100.0%  0.07 [0.02, 0.13] *
Heterogeneity: Tav® = 0.01; Chif= 112,24, df = 11 (P = 0.00001); F= 90% -ﬂ:i 5 IZI=5 1-'-

Test for owerall effect 2= 2.58 (P = 0.01)
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