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Abstract: Objectives: Our study aimed at conducting a systematic review and meta-analysis, with the
objective of evaluating the prognostic value of T1 mapping techniques via cardiac magnetic resonance
(CMR) in heart failure with preserved ejection fraction (HFpEF) patients. Materials and methods: The
protocol was prospectively registered in the international prospective register of systematic reviews
PROSPERO (registration number CRD42022300991). We searched PubMed, Google Scholar, and
EMBASE for studies examining the prognostic value of characterizing myocardial tissue via CMR
imaging with T1 mapping in HFpEF. Hazard ratios (HRs) for uniformly defined predictors were
pooled for meta-analysis. Results: In total, 7 studies were retrieved from 351 publications for this
systematic review and meta-analysis. A total of 1930 patients (mean age of 69.4 years, mean follow-up
duration of 25.6 months) was included in the analysis. The meta-analysis demonstrated that higher
extracellular volume (ECV) was associated with an increased risk of death and /or hospitalization with
heart failure (HF) (HR:1.12; 95% CI: 1.06-1.18; p < 0.0001). After adjusting for baseline characteristics,
the higher extent of ECV remained strongly associated with the risk of death and/or hospitalization
with HF (HRygjusteq: 1.08; 95% CI: 1.04-1.13; p = 0.0001). However, no significant association of
native T1 value with risk of death or adverse cardiovascular events was found (HR:1.01; 95% CI:
1.00-1.02; p = 0.21). Conclusion: Assessment of ECV via CMR has an important prognostic value for
outcomes of death and/or hospitalization with HE, and can therefore be used as an effective tool for
risk stratification of patients with HFpEF.
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1. Introduction

Heart failure with preserved ejection fraction (HFpEF) is a clinical syndrome of patients
with symptoms and signs of heart failure (HF) with normal or near-normal left ventricular
ejection fraction (LVEF > 50%). The prevalence of patients with HFpEF is progressively
increasing, accounting for over 50% of all HF cases [1]. Data from several studies suggest
that focal or diffuse fibrosis is involved in the pathophysiology of HFpEF [2]. CMR imaging
has become increasingly available, and is well established in the assessment of cardiac
morphology and function. Late gadolinium enhancement (LGE) and T1 mapping are
valuable CMR tools for the detection of myocardial fibrosis, infiltration, and scarring.
While LGE can solely detect the focal myocardial fibrosis, T1 mapping is a novel CMR-
based technique for myocardial tissue characterization, capable of identifying diffuse
fibrosis [3]. Several T1 mapping techniques have been used in published studies, including
postcontrast T1 mapping, calculation of extracellular volume fraction via MOLLI sequences,
and native T1 mapping. However, at present, there is no consensus regarding the most
accurate mapping approach, and the role of various mapping techniques in predicting and
assessing the outcomes in HFpEF patients has not been properly evaluated [4,5].
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The objective of this systematic review and meta-analysis was to evaluate the prognos-
tic value of novel T1 mapping indices in HFpEF patients, viz., native T1, postcontrast T1,
and ECV.

2. Materials and Methods

This study was conducted in accordance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) [6]. The protocol was registered prospectively
in PROSPERO—an international prospective register of systematic reviews (registration
number CRD42022300991).

2.1. Eligibility Criteria

The criteria for inclusion in this meta-analysis were studies that (1) included a cohort of
participants with HFpEF, (2) performed CMR T1 mapping (i.e., native T1, postcontrast T1,
or ECV), (3) reported predictors (i.e., native T1, postcontrast T1, or ECV) of clinical outcomes
in HFpEF patients obtained through univariate and/or multivariate analyses, and (4) had
a follow-up period of over 6 months. The exclusion criteria were as follows: (1) articles
dealing with non-human subjects; (2) articles written in languages other than English.

2.2. Literature Searching Strategy

We systematically searched PubMed, EMBASE, and Google Scholar all the way
through January 2022, using the following keywords: ((T1 mapping) OR (native T1) OR
(postcontrast T1) OR (extracellular volume fraction) OR (extracellular matrix)) AND ((out-
come)) and ((prognosis)) AND ((heart failure with preserved ejection fraction) OR (HFpEF)).
Data mining and analyses were performed independently by two researchers (B.B. and
N.B.). Any disagreements between regarding the eligibility of particular studies were
resolved via discussion with a third reviewer (O.G.).

2.3. Data Mining and Synthesis

Data were independently extracted into a prespecified data extraction table. The
primary outcomes of interest were hospitalization for HF and all-cause mortality. The
Newecastle-Ottawa Score (NOS) for observational studies was used for assessing the risk
of bias [7,8]. The following characteristics were assessed: (1) representativeness of the
exposed cohort; (2) selection of the unexposed cohort; (3) establishment of exposure;
(4) demonstrating the absence of the outcome of interest at baseline; (5) comparability
of cohorts based on study design or analysis; (6) evaluation of outcomes; (7) follow-up
periods long enough for outcomes to take place; and (8) the adequacy of cohort follow-up.
Each study was assigned a score from 0 to 9. Depending on their score, the studies were
considered to be of a low quality (<5), medium quality (5-7), or high quality (>7). We only
included studies of medium or high quality.

2.4. Statistical Analysis

The meta-analysis was carried out by applying the conventional statistical analysis
models using RevMan (Review Manager) version 5.1 (the Cochrane Collaboration, Copen-
hagen, Denmark) and Comprehensive Meta-Analysis 3.0 (Biostat, Englewood, NJ, USA).
The 12 statistic was employed to assess heterogeneity between studies, with I? values of
25%, 50%, and 75% representing low, moderate, and high heterogeneity, respectively. We
pooled together the values of HR for clinical outcomes and the number of patients recruited
in each study. Inverse variance weighting was used to calculate the total hazard ratios
(HRs) within a random-effects model. Heterogeneity statistics were included to calculate
the overall correlation coefficient within the 95% confidence interval (CI) random-effects
model that was used in all analyses. The main results of the meta-analysis were presented
in the form of forest plots. Publication bias was evaluated using Egger’s regression test.
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3. Results
3.1. Results of Literature Search

A total of 351 publications was identified through our search of the PubMed, EMBASE,
and Google Scholar databases. Following the screening of the titles and abstracts, 27 articles
were selected for the full-text review. Finally, after excluding articles not meeting the
inclusion criteria, as well as duplicate studies, seven studies were identified and included
in the systematic review and meta-analysis (Figure 1).

Potential articles identified through

database searching (1 = 351)

A 4

Studies left after the removal of

duplicates (n = 223)

Records excluded after title and

\ 4

Records screened (n = 223)
abstract screening (1 = 196)

Full text articles evaluated for Articles excluded after full text

A 4

eligibility (n =27) screening (n = 20)

A 4

Studies included in the meta-

analysis (1 =7)

Figure 1. Study selection flowchart.

3.2. Baseline Characteristics of the Studies

The total number of included patients was 1930, and the mean duration of the follow-
up period was 25.6 months. The mean age of the patients was 69.4 years, and 938 (48%) of
them were men. The total number of patients with HFpEF was 1129. All included studies
were single-center observational cohorts. Tables 1 and 2 summarize the research designs,
baseline patient traits, number of adverse events in each analysis, and cardiac MRI metrics
for each included study.
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Table 1. Baseline characteristics of studies included in the meta-analysis.

Study Year Sample Size Study Design F((ltll(())r::;}i)p é\:[r;:ir;ﬁc(;el:}:) M;Z:::;::rTl Events (1, %) Outcomes
Prospective 13 patients were
Mascherbauer [9] 2013 100 (63 *) single-center 229 +5.0 15T T1 time 16 (25.4%) hospitalized for HF;
study 3 patients died
Prospective ECV 30 patients were
Duca [10] 2016 117 single-center 24.0 15T . 34 (29%) hospitalized for HF;
native T1 . .
study 4 patients died
. 19 patients were
Prospective hospitalized for HF;
Schelbert [11] 2017 1174 (410 *) single-center 22.8 15T ECV 61 (14.9%) 48 patients died: !
study patients died;
6 did both
Prospective ECV 32 patients were
Roy [12] 2018 118 single-center 11+6 30T Native myocardial 43 (36.4%) hospitalized for HF;
study T1 time (ms) 11 patients died
Native myocardial
. T1 time (ms), .
Prospective 28 patients were
Kanagala [13] 2019 232 single-center 482 30T posteontrast 42 (18.1%) hospitalized for HF;
myocardial . .
study T1 time (ms), 14 patients died
ECV
Retrospective 39 patients reached
Yang [14] 2021 103 single-center 12.3 30T ECV 39 (37.9%) the composite
study primary outcome
Retrospective 27 patients reached
Garg [6] 2021 86 single-center 384 15T Native T1 values (ms) 27 (31%) the endpoint of
study all-cause mortality

Note: ECV—extracellular volume fraction; HF—heart failure; * number of patients with HFpEF.
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Table 2. Patient traits in the included studies.
NYHA Diuretics
Male LGE
Functional Beta- ACE-I or Other LV Mass
Study 0? 8¢ ) 151; enc]ljer, LVEF Il’reva- Class Blockers ARB (MIE/A) Than NT-I;O?JNP’ Index, E/E’ Ratio LﬁVIé ECV
ears umoer ence -1V (1, %) (1, %) 7 MRA pgim g/m2 mim
(%) (%) o 9
(n, %) (n, %)
M;S;ge[g?auer' 70+7 38 (40) 64 + 10 - - - - - - 1343 £ 1178 59.5 +17.7 - - -
Duca, 833 (396 to
2016 [10] 74+ 8 36 (31) 63 + 10 - 71 (61) - - - - 1892) £ 56.4 +13.2 - - 293 +39
Schelbert,
2017 (11] 56 [44-66] 637 (54) - 301 (25.6) - 255 (62) 175 (43) 176 (43) - - - - -
Roy, 78 + 8 37 (31) 64+7 26 (22) 53 (45) 76 (64) 76 (64) 23 (19) os(80)  VA7G74to a5 181473 66429 329448
2018 [12] 34,306) £ L S
ES?S%T@"} 7348 67 (49) 56 4 6 49 (51) 28 (29) 68 (71) 82 (85) 31 (32) 76 (79) 144[66-2501* 51+ 13 128448 54427 278+46
Yang, 5723 36.5
2021 [d] 58 49 71 (69) 49 [39-59] 48 (46.6) 71 (68.9) 73 (70.9) 81(786) 13550 8202 [33.4.30.6]
Garg,
2001 1] 7849 52 (61) 59 4 12.4 - - - - - - - - - - -

Note: ACE-I—angiotensin-converting enzyme inhibitor; ARB—angiotensin receptor blocker; ECV—extracellular volume fraction; LVEF—left ventricular ejection fraction; LGE—late

gadolinium enhancement; LAVI—Ileft atrial volume index; MRA—mineralocorticoid receptor antagonist; £ median [min; max], * BNP, ng/L.



J. Clin. Med. 2022, 11, 2531

6 0f 9

Prognostic data for ECV were reported in five studies, for native T1 in three studies,
and for postcontrast T1 times in just one study. Table 3 presents the results of the primary
analyses (unadjusted and adjusted HR values), including the outcomes in each study.

Table 3. Estimated changes in myocardial T1 parameters and corresponding HR values from Cox
univariate/multivariate proportional hazard analyses.

CMR . .
Study Mapping Una%}ll{lsted 95% CI 14 Adﬁlls{ted 95% CI 14 Outcomes
Parameters
Hospitalization for heart
Mascherbauer, - Posteontrast 099 0.98-0.99 0.01 - - - fatture or death from
013 [9] T1 time (ms) .
cardiovascular causes
Duca ECV (%) 1.132 1.049-1.222 0.001 1.099 1.005-1.201 0.038 HOSPitalization for heart
2016 [1b] Native failure or death from
myocardial T1 1.005 0.999-1.011 0.103 - - - cardiovascular causes
time (ms)
Schelbert, FFcC\y H(Eiz :Sé“) 1.93 1.50-2.50 <0.001 1.52 1.05-2.21 0.03 H?s;fitahzagontflofr heart
2017 [11] ECV (per 1% ailure or death from
ECVi 1.14 1.08-1.20 <0.001 1.09 1.01-1.17 0.03 cardiovascular causes
increase),
ECV (%) 1.07 1.01-1.12 0.015 1.07* 1.01-1.13 0.037 Combination of all-cause
Roy, 2018 [12] Native mortality or the first
myocardial T1 1.01 0.99-1.01 0.23 - - - hospitalization for
time (ms) heart failure
0,
I;S?g%,’f%?’ E?EVC(V/D) 1.519 1.076-2.145 0.018 - - - ho?;;gﬁ;gggfrfor
< (mL/m2) 1.69 1.107-2.113 0.01 heart failure
ECV fraction All-cause mortality and
Yang, 2021 [14] (every 1.98 1.10-3.56 0.02 1.73 1.04-2.88 0.03 heart failure hospit { t
doubling) eart failure hospitalization
Native
Garg, 2021 [6] myocardial T1 2.36 0.88-6.38 NR - - - All-cause mortality
time (ms)

Note: CI—confidence interval; ECV—extracellular volume fraction; HR—hazard ratio; CMR—cardiac magnetic
resonance; ECV—extracellular volume fraction; iECV—extracellular volume fraction indexed to body surface
area; * adjusted for CMR parameters.

3.3. Extracellular Volume

Five studies [10-14] reported outcomes regarding ECV, and all of them discovered that
higher ECV was associated with an increased risk of adverse events. The study by Duca
et al. demonstrated that higher ECV was linked to an augmented risk of hospitalization
with HF or death from cardiovascular causes in both univariate analysis (HR:1.132; 95%
CI: 1.049-1.222; p = 0.001) and multivariate analysis (HRgjusted:1.099; 95% CI: 1.005-1.201;
p =0.038) [10]. The study by Schelbert et al. also detected that higher ECV was a strong
predictor in univariate analysis (HR: 1.93/5% ECV; 95% CI: 1.50-2,50; p < 0.001), as well
as an independent predictor in multivariate analysis (HRygjusted:1.52/5% ECV; 95% CI:
1.05-2.21; p = 0.03), for hospitalization with HF or death from cardiovascular causes in
patients with HFpEF or at risk of developing HFpEF (based on elevated levels of brain
natriuretic peptide) [11]. In their study, Roy et al. established that augmented ECV was
an independent predictor of adverse outcomes (death and HF) in patients with HFpEF
in univariate analysis (HR: 1.07; 95% CI: 1.01-1.12; p = 0.015) and multivariate analysis
(HRagjusted:1.07; 95% CI: 1.00-1.13; p = 0.037). However, in this study, ECV was associated
with adverse outcomes among CMR parameters, but failed to reach statistical significance
in the combined multivariable model, which also included clinical and hemodynamic
parameters [12]. The research by Kanagala et al. also demonstrated the prognostic sig-
nificance of ECV in HFpEF patients for hospitalization with HF or for all-cause mortality
(HRynadjusted:1-519; 95% CI: 1.076-2.145; p = 0.018) [13]. The study revealed that increased
iECV (ECV indexed to body surface area) was independently associated with cardiovascu-
lar events (HR,gjusted:1.69; 95% CI: 1.14-2.50; p = 0.009). The latest study by Yang et al. also
demonstrated that higher ECV fraction was associated with increased risk of all-cause mor-
tality and HF hospitalization in univariate analysis (HR: 1.98; 95% CI: 1.10-3.56; p = 0.02)
and multivariate analysis (HRygjusted:1.73; 95% CI: 1.04-2.88; p = 0.03) [14].
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Study or Subgroup

The data from all studies (except for that of Yang et al. [14]) were comparable with
one another due to using the same criterion for assessing the predictor (1% change), which
allowed them to be used in a meta-analysis. The overall number of patients with HFpEF in
these studies was 877. Endpoint death and /or HF hospitalization took place in 180 (20.5%)
patients. The pooled unadjusted HR for death and/or HF hospitalization was 1.12 (95%
CI: 1.06-1.18; p < 0.0001), without significant heterogeneity among the included studies
(I? = 53%, p = 0.10). Egger’s test yielded t = 1.63, p = 0.24 (Figure 2).

Hazard Ratio
1V, Random, 95% CI

Hazard Ratio

log[Hazard Ratio] SE Weight IV, Random, 95% CI Year

Duca, 2016
Schelbert, 2017
Roy, 2018
Kanagala, 2019

Total (95% CI)

0.12399 0.03899 26.1% 1.13 [1.05, 1.22] 2016 ==
0.13103 0.02687  35.5% 1.14 [1.08, 1.20] 2017 -
0.06766 0.02637  36.0% 1.07 [1.02, 1.13] 2018 -
0.41805 0.17599 2.4% 1.52 [1.08, 2.14] 2019
100.0% 1.12 [1.06, 1.18] L 2
teye 2 _ . 12 . = 12 + + + }
Heterogeneity: Tau’ = 0.00; Chi® = 6.34, df = 3 (P = 0.10); I° = 53% oS 07 s 3

Test for overall effect: Z = 4.05 (P < 0.0001)

Study or Subgroup

Worse Prognosis for Lower ECV  Worse Prognosis for Higher ECV

Figure 2. Forest plots comparing outcomes with lower and higher ECV in HFpEF patients.

Three studies reported data on adjusted HR via multivariate analysis [1,5,9]. The
pooled adjusted HR for death and/or HF hospitalization was 1.08 (95% CI: 1.04— 1.13;
p = 0.0001), without significant heterogeneity among the included studies (I> = 0%, p = 0.86).
Egger’s test yielded t = 5.77, p = 0.11 (Figure 3).

Hazard Ratio
IV, Random, 95% CI

Hazard Ratio

log[Hazard Ratio] SE Weight 1V, Random, 95% CI Year

Duca, 2016
Schelbert, 2017
Roy, 2018

Total (95% ClI)

0.0944 0.0454 20.1% 1.10 [1.01, 1.20] 2016 .
0.08618 0.0375 29.4% 1.09 [1.01, 1.17] 2017 -
0.06766 0.0286 50.5% 1.07 [1.01, 1.13] 2018 L
100.0% 1.08 [1.04, 1.13] L3
ity: Tau? = : Chi% = = = R = t t t t
Heterogeneity: Tau® = 0.00; Chi* = 0.31, df = 2 (P = 0.86); I’ = 0% 0 07 G 3

Test for overall effect: Z = 3.86 (P = 0.0001)

Worse Prognosis for Lower ECV Worse Prognosis for Higher ECV
Figure 3. Forest plots comparing outcomes with lower and higher ECV in HFpEF patients.

3.4. Native T1 Time

Three out of seven studies reported outcomes in relation to native T1 value. All of
them found no significant association of native myocardial T1 time values with adverse
cardiovascular outcomes. Duca et al. [10] and Roy et al. [12] demonstrated that native T1
times were not associated with adverse outcomes—HR: 1.005 (95% CI: 0.99-1.01; p = 0.103)
and HR: 1.01 (95% CI: 0.99-1.01; p = 0.23). In a study comparing the native myocardial T1
time values of HFpEF patients versus control subjects, Kanagala et al. demonstrated that
HFpEF patients had significantly higher native T1 time values (p = 0.021) [13]. However,
the authors of that study did not report any relationships of native T1 time with clinical
outcomes. Garg et al. disclosed that native T1 times were not connected to all-cause
mortality (HR: 2.84; 95% CI: 0.88-6.34), and T1 mapping was the only CMR parameter
associated with mortality in the HFpEF cohort, excluding amyloid cases (HR: 2.84; 95% CI
1.06-7.64) [6].

Analysis of the above-mentioned studies pooled together yielded no significant as-
sociation of T1 value with the risk of death or adverse cardiovascular events. The pooled
unadjusted HR for death and/or HF hospitalization was 1.01 (95% CI: 1.00-1.02; p = 0.13),
without significant heterogeneity among the included studies (I = 43%, p = 0.17) (Figure 4).
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Duca, 2016 0.00499 0.00304 59.4%  1.01[1.00, 1.01] 2016 =
Roy, 2018 0.00995 0.0051 40.6% 1.01 (1.00, 1.02] 2018
Garg, 2021 0.85866 0.50618 0.0% 2.36 [0.88, 6.36] 2021
Total (95% CI) 100.0% 1.01 [1.00, 1.02] 3

Heterogeneity: Tau? = 0.00; Chi® = 3.53,df = 2 (P = 0.17); I* = 43%

0.85 0.9 11 1.2

Test for overall effect: Z = 1.52 (P = 0.13)

Worse Prognosis for Lower T1  Worse Prognosis for Higher T1
Figure 4. Forest plots comparing outcomes with lower and higher T1 in HFpEF patients.

3.5. Postcontrast T1 Time

Data on the prognostic importance of postcontrast T1 time in HFpEF patients are quite
limited. Only the study by Mascherbauer et al. [9] demonstrated that lower postcontrast T1
times were significantly associated with adverse cardiac events (HR: 0.99; 95% CI: 0.98-0.99).
Those authors also reported that the extracellular matrix of left ventricular biopsies (n = 9),
quantified via Tissue FAXS technology, was correlated with T1 time (r = 0.98; p < 0.01).

4. Discussion

Due to the variability in phenotypic and clinical manifestations of HFpEF, current
strategies do not fully identify all patients at high risk of HFpEF. Hence, the clinical need to
identify new markers to assist with risk stratification is progressively increasing. Newer
techniques, such as T1 mapping, exhibit some promise in detecting diffuse fibrosis and
providing additional valuable prognostic information in HFpEF patients. Still, the use of
T1 mapping for risk stratification in HFpEF patients is not widely adopted as of yet.

This is the first meta-analysis examining the prognostic value of T1 mapping in HFpEF
subjects. Its results suggest that ECV assessment can be used as an effective tool for
risk stratification in patients with HFpEE. In our meta-analysis of 4 studies, involving
877 patients, with a mean follow-up period of 23.7 months, we demonstrated that higher
ECV was a powerful predictor of death risk and/or hospitalization risk for HF in patients
with HFpEF. However, our meta-analysis also showed that native T1 times were not
associated with adverse outcomes in HFpEF patients. Data on the prognostic value of
postcontrast T1 time in HFpEF patients are by all means limited; hence, future studies using
such an approach to characterize the myocardium in HFpEF patients are direly needed.

5. Limitations

Our study has several limitations. First, a limited number of studies were included
in our analysis. Second, there is heterogeneity in the patient selection criteria and base-
line characteristics between the different studies analyzed. In addition, certain groups
of patients were excluded from the studies—primarily patients with hypertrophic car-
diomyopathy and infiltrative heart disease. Finally, in the studies, various covariates were
included in the multivariate model.

6. Conclusions

The higher ECV on CMR imaging in HFpEF patients is an important prognostic
marker for an increased risk of death and/or HF hospitalization.

Author Contributions: Conceptualization, E.G. and B.B.; methodology, E.G., B.B. and N.B.; formal
analysis, B.B. and O.G.; investigation, B.B. and N.B.; resources, B.B.; writing—original draft prepara-
tion, E.G., B.B., S.A. and O.G.; writing—review and editing, E.G., S.A. and B.B.; visualization, B.B.
and O.G,; supervision, E.G. and S.A.; project administration, B.B. and E.G.; funding acquisition, E.G.,
B.B. and N.B. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the Ministry of Health of Russian Federation, PSI No.
122041100209-8.

Institutional Review Board Statement: Not applicable.



J. Clin. Med. 2022, 11, 2531 90f9

Informed Consent Statement: Not applicable.
Data Availability Statement: Data is contained within this article.

Conflicts of Interest: The authors declare that they have no potential conflict of interest relevant to
the study.

References

1.

10.

11.

12.

13.

14.

Owan, T.E.; Hodge, D.O.; Herges, R.M.; Jacobsen, S.J.; Roger, V.L.; Redfield, M.M. Trends in Prevalence and Outcome of Heart
Failure with Preserved Ejection Fraction. N. Engl. |. Med. 2006, 355, 251-259. [CrossRef] [PubMed]

Phan, T.T.; Shivu, G.N.; Abozguia, K.; Sanderson, ].E.; Frenneaux, M. The pathophysiology of heart failure with preserved ejection
fraction: From molecular mechanisms to exercise haemodynamics. Int. J. Cardiol. 2012, 158, 337-343. [CrossRef] [PubMed]
Miller, C.A.; Naish, J.; Bishop, P.; Coutts, G.; Clark, D.; Zhao, S.; Ray, S.G.; Yonan, N.; Williams, S.G.; Flett, A.S.; et al. Compre-
hensive Validation of Cardiovascular Magnetic Resonance Techniques for the Assessment of Myocardial Extracellular Volume.
Circ. Cardiovasc. Imaging 2013, 6, 373-383. [CrossRef] [PubMed]

Iles, L.; Pfluger, H.; Phrommintikul, A.; Cherayath, J.; Aksit, P.; Gupta, S.N.; Kaye, D.M.; Taylor, A.]. Evaluation of Diffuse
Myocardial Fibrosis in Heart Failure with Cardiac Magnetic Resonance Contrast-Enhanced T1 Mapping. J. Am. Coll. Cardiol.
2008, 52, 1574-1580. [CrossRef] [PubMed]

Moon, J.C.; Messroghli, D.R.; Kellman, P; Piechnik, S.K.; Robson, M.D.; Ugander, M.; Gatehouse, P.D.; Arai, A.; Friedrich, M.G;
Neubauer, S.; et al. Myocardial T1 mapping and extracellular volume quantification: A Society for Cardiovascular Magnetic
Resonance (SCMR) and CMR Working Group of the European Society of Cardiology consensus statement. J. Cardiovasc. Magn.
Reson. 2013, 15, 92. [CrossRef]

Garg, P.,; Assadi, H.; Jones, R.; Bin Chan, W.; Metherall, P; Thomas, R.; van der Geest, R.; Swift, A.J.; Al-Mohammad, A. Left
ventricular fibrosis and hypertrophy are associated with mortality in heart failure with preserved ejection fraction. Sci. Rep. 2021,
11, 617. [CrossRef]

Stang, A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in
meta-analyses. Eur. |. Epidemiol. 2010, 25, 603-605. [CrossRef]

Lo, C.K.; Mertz, D.; Loeb, M. Newcastle-Ottawa Scale: Comparing reviewers’ to authors’ assessments. BMIC Med. Res. Methodol.
2014, 14, 45. [CrossRef]

Mascherbauer, J.; Marzluf, B.A.; Tufaro, C.; Pfaffenberger, S.; Graf, A.; Wexberg, P.; Panzenbock, A.; Jakowitsch, J.; Bangert, C.;
Laimer, D.; et al. Cardiac Magnetic Resonance Postcontrast T1 Time Is Associated with Outcome in Patients with Heart Failure
and Preserved Ejection Fraction. Circ. Cardiovasc. Imaging 2013, 6, 1056-1065. [CrossRef]

Duca, F; Kammerlander, A.A.; Zotter-Tufaro, C.; Aschauer, S.; Schwaiger, M.L.; Marzluf, B.A.; Bonderman, D.; Mascherbauer, J.
Interstitial Fibrosis, Functional Status, and Outcomes in Heart Failure with Preserved Ejection Fraction. Circ. Cardiovasc. Imaging
2016, 9, €005277. [CrossRef]

Schelbert, E.B.; Fridman, Y.; Wong, T.C.; Abu Daya, H.; Piehler, K.M.; Kadakkal, A.; Miller, C.; Ugander, M.; Maanja, M.; Kellman,
P; et al. Temporal Relation between Myocardial Fibrosis and Heart Failure with Preserved Ejection Fraction: Association with
Baseline Disease Severity and Subsequent Outcome. JAMA Cardiol. 2017, 2, 995-1006. [CrossRef]

Roy, C.; Slimani, A.; De Meester, C.; Amzulescu, M.; Pasquet, A.; Vancraeynest, D.; Beauloye, C.; Vanoverschelde, J.-L.; Gerber,
B.L.; Pouleur, A.-C. Associations and prognostic significance of diffuse myocardial fibrosis by cardiovascular magnetic resonance
in heart failure with preserved ejection fraction. J. Cardiovasc. Magn. Reson. 2018, 20, 55. [CrossRef]

Kanagala, P; Cheng, A.S,; Singh, A.; Khan, J.N.; Gulsin, G.S.; Patel, P.; Gupta, P.; Arnold, J.R.; Squire, L.B.; Ng, L.L.; et al.
Relationship between Focal and Diffuse Fibrosis Assessed by CMR and Clinical Outcomes in Heart Failure with Preserved
Ejection Fraction. JACC Cardiovasc. Imaging 2019, 12, 2291-2301. [CrossRef] [PubMed]

Yang, S.; Du, Y;; Liu, Z.; Zhang, R.; Lin, X.; Ouyang, Y.; Chen, H. Triglyceride—Glucose Index and Extracellular Volume Fraction in
Patients with Heart Failure. Front. Cardiovasc. Med. 2021, 8, 704462. [CrossRef] [PubMed]


http://doi.org/10.1056/NEJMoa052256
http://www.ncbi.nlm.nih.gov/pubmed/16855265
http://doi.org/10.1016/j.ijcard.2011.06.113
http://www.ncbi.nlm.nih.gov/pubmed/21794933
http://doi.org/10.1161/CIRCIMAGING.112.000192
http://www.ncbi.nlm.nih.gov/pubmed/23553570
http://doi.org/10.1016/j.jacc.2008.06.049
http://www.ncbi.nlm.nih.gov/pubmed/19007595
http://doi.org/10.1186/1532-429X-15-92
http://doi.org/10.1038/s41598-020-79729-6
http://doi.org/10.1007/s10654-010-9491-z
http://doi.org/10.1186/1471-2288-14-45
http://doi.org/10.1161/CIRCIMAGING.113.000633
http://doi.org/10.1161/CIRCIMAGING.116.005277
http://doi.org/10.1001/jamacardio.2017.2511
http://doi.org/10.1186/s12968-018-0477-4
http://doi.org/10.1016/j.jcmg.2018.11.031
http://www.ncbi.nlm.nih.gov/pubmed/30772227
http://doi.org/10.3389/fcvm.2021.704462
http://www.ncbi.nlm.nih.gov/pubmed/34222388

	Introduction 
	Materials and Methods 
	Eligibility Criteria 
	Literature Searching Strategy 
	Data Mining and Synthesis 
	Statistical Analysis 

	Results 
	Results of Literature Search 
	Baseline Characteristics of the Studies 
	Extracellular Volume 
	Native T1 Time 
	Postcontrast T1 Time 

	Discussion 
	Limitations 
	Conclusions 
	References

