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Abstract: Background: Mitral regurgitation (MR) is common following myocardial infarction (MI).
However, the subsequent trajectory of MR, and its impact on long-term outcomes are not well un-
derstood. This study aimed to examine the change in MR severity and associated clinical outcomes
following MI. Methods: Records of patients admitted to a single centre between 2016 and 2017
with acute MI treated by percutaneous coronary intervention (PCI) were retrospectively examined.
Results: 294/1000 consecutive patients had MR on baseline (pre-discharge) transthoracic echocardio-
graphy (TTE), of whom 126 (mean age: 70.9 ± 11.4 years) had at least one follow-up TTE. At baseline,
most patients had mild MR (n = 94; 75%), with n = 30 (24%) moderate and n = 2 (2%) severe MR.
Significant improvement in MR was observed at the first follow-up TTE (median 9 months from base-
line; interquartile range: 3–23), with 36% having reduced severity, compared to 10% having increased
MR severity (p < 0.001). Predictors of worsening MR included older age (mean: 75.2 vs. 66.7 years;
p = 0.003) and lower creatinine clearance (mean: 60 vs. 81 mL/min, p = 0.015). Change in MR severity
was significantly associated with prognosis: 16% with improving MR reached the composite endpoint
of death or heart failure hospitalisation at 5 years, versus 44% (p = 0.004) with no change, and 59%
(p < 0.001) with worsening MR. Conclusions: Of patients with follow-up TTE after MI, MR severity
improved from baseline in approximately one-third, was stable in around half, with the remainder
having worsening MR. Patients with persistent or worsening MR had worse clinical outcomes than
those with improving MR.

Keywords: mitral regurgitation; myocardial infarction; serial echocardiography

1. Introduction

Mitral regurgitation (MR) is found in up to 29% of patients following acute myocardial
infarction (MI) [1–3]. Approximately three-quarters of these patients have only mild
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MR [1,2]; however, even mild MR can be associated with poorer outcomes [4]. Long-term
prognosis worsens in proportion to the severity of MR, such that patients with moderate
or severe MR have only a 70% 5-year survival rate, even in the absence of significant LV
impairment [1]. Due to a paucity of longitudinal studies, it is currently unclear whether
the severity of MR observed immediately after acute MI changes with time, or whether
such a change is associated with adverse prognosis. One of the largest recent studies in the
modern era of drug-eluting stent treatment included only ST-elevation MI (STEMI) patients,
and follow-up echocardiography was limited to 6–8 months [2]. Of particular interest is
whether chronic ischaemic MR worsens, and whether there are baseline echocardiographic
indicators of long-term MR severity. International guidelines do not currently recommend
follow-up for patients on the basis of mild MR alone [5] and, thus, some patients with mild
MR at baseline may develop undetected subclinical MR progression if they are not subject
to follow-up.

We aimed to investigate the long-term course of MR and its effect on heart failure
hospitalisation and mortality, in a retrospective longitudinal study involving follow-up
echocardiography in patients with MR after an acute MI.

2. Materials and Methods
2.1. Patient Selection

The Queen Elizabeth Hospital Birmingham (QEHB) is a tertiary cardiac centre in the
United Kingdom. Between 1 January 2016 and 31 December 2017, all consecutive patients
admitted to QEHB with type 1 acute MI and treated by percutaneous coronary interven-
tion (PCI) were retrospectively identified. For these patients, data were collected for every
transthoracic echocardiography (TTE) performed after the index MI. The TTE performed
pre-discharge for the index MI admission was classified as the “baseline” TTE. All subse-
quent TTEs were classified as “follow-up” TTEs; any follow-up TTEs performed ≤7 days
after the index MI were excluded. Patients were considered for inclusion in the study if
there was evidence of MR on the baseline TTE. Patients were then excluded if: (i) they had
no further follow-up TTEs; (ii) the baseline TTE was >7 days after the index MI or (iii) they
only had a single follow-up TTE, and this was ≤7 days after the index MI.

2.2. Data Collection

For all included patients, demographic data were collected from the time of the index
MI admission. High-sensitivity troponin T levels were measured on a Roche Cobas E170®

(upper limit of detectable range 10,000 ng/L) at admission, and during the hospital stay,
with the highest recorded troponin level for a patient classified as the “peak” troponin.
Diagnoses of STEMI and non-ST elevation myocardial infarction (NSTEMI) were made
by the admitting consultant cardiologist, according to standard international guideline
definitions [6,7]. For analysis of long-term outcomes, evidence of heart failure was deter-
mined from admission history on hospital records, and mortality data were provided by
the hospital records which are linked to the Office for National Statistics database, which
tracks the living status of all patients in England and Wales via their NHS number. For the
time-to-event analyses, heart failure or death was treated as a composite outcome; patients
where there was no evidence of either event were censored at the date of data extraction
(30 June 2021).

2.3. MR and Chamber Assessment

Transthoracic echocardiography was performed using CX-50 machines (Philips med-
ical systems, Amsterdam, Netherlands). All studies included the minimum dataset [8]
where possible, acquired by experienced echocardiographers accredited by the British Soci-
ety of Echocardiography (BSE). Quantification of MR was performed using multiparametric
assessment, as recommended in current guidelines of the American Society of Echocar-
diography and was categorized as none/trivial, mild, moderate, or severe, according to
established criteria [9]. Dimensions were indexed according to the Mosteller calculation
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of body surface area (BSA). LV ejection fraction (LVEF) was derived from the indexed left
ventricular end-diastolic (LVEDVi) and end-systolic (LVESVi) volumes, calculated by the
Simpson’s biplane method. Indexed left atrial volume (LAVi) was calculated by averaging
the volumes in the end-systolic frame of the apical 2- and 4-chamber views and indexing
to BSA.

2.4. Intervention and Medical Treatment

All patients in the study underwent PCI, and were treated according to European
guidelines on the management of AMI [6,7]. This included baseline treatment with loading
and maintenance doses of aspirin and a P2Y12 receptor blocker, beta blockers, statins and
angiotensin converting enzyme (ACE) inhibitors. Medication records from the time of
each follow-up TTE were examined, to identify any evidence that heart failure medications
had been optimised in the period since the previous TTE. “Medication optimisation” was
defined as any uptitration of heart failure medication. In the case of mixed optimisation
(simultaneous increase and decrease of several medications), a consensus was reached
between two Cardiologists.

2.5. Statistical Analysis

Initially, the MR severity was compared between the baseline TTE, and the first and
final follow-up TTEs for each patient, using Wilcoxon’s signed ranks test. Changes in MR
severity were then further assessed using a repeated-measures approach. Each follow-up
TTE was compared to the baseline TTE for the associated patient, and classified as either
an increase, reduction or no change in MR severity, based on the direction of any change
in the ordinal scale. Two dichotomous variables were then produced, one specifying
whether each TTE represented an increase in MR severity (vs. no change or a reduction)
compared to baseline, and one identifying reductions in MR severity (vs. no change or an
increase). Generalized estimating equation (GEE) models were then produced for each of
these outcomes, with the timing of the TTE, relative to baseline, as a continuous covariate.
The TTE number was treated as a within-subject effect, with an AR (1) correlation structure
assumed, in order to account for within-patient correlations. From these models, the
intercept was interpreted as the magnitude of any immediate step-change in MR severity,
whilst the gradient represented the rate of change in MR severity over subsequent follow-up.
A similar analysis was also performed for the outcome of moderate-to-severe MR.

Since these analyses found no significant trends over time in MR severity after the
initial step-change, subsequent analysis was based on comparisons of MR severity on
the baseline vs. final follow-up TTE for each patient. As such, patients were divided
into subgroups based on whether they had an increase, reduction, or no change in MR
severity between these TTEs. Comparisons between these groups were performed using
Jonckheere–Terpstra tests for continuous factors, so as to account for the ordering of the
groups. For dichotomous variables, Mann–Whitney U tests were used, which treated the
change in MR severity group as the dependent variable. Changes over time in other TTE
parameters were quantified by calculating the difference between the baseline and final
TTE for a patient, and dividing this by the time elapsed between these, to estimate the rate
of change per year. Significant associations with MR severity were further visualised using
two binary logistic regression models, with the dependent variables indicating whether the
patient had either increases or decreases in MR severity (as previously described), and the
variable of interest as a covariate.

Associations between MR progression and the composite outcome of death or heart
failure (HF) admission were then assessed, using Kaplan–Meier curves and univariable
Cox regression models. Initially, comparisons were made between groups based on the
change in MR severity from the baseline vs. final follow-up TTE. However, a sensitivity
analysis was also performed, which grouped patients by the change from baseline to the
first follow-up TTE, within the subgroup of patients where this interval was less than 1 year,
in order to assess the prognostic ability of short-term changes in MR severity.
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Since only those patents with at least one follow-up TTE were included in the study,
this cohort was then compared to those that were excluded, to test for evidence of selection
bias. Continuous variables were assessed using Mann–Whitney U tests, with Fisher’s exact
test used for categorical variables.

Continuous variables are reported as mean ± standard deviation (SD) where approxi-
mately normally distributed, with medians and interquartile ranges (IQRs) used otherwise.
All analyses were performed using IBM SPSS 24 (IBM Corp. Armonk, NY, USA), with
p < 0.05 deemed to be indicative of statistical significance throughout.

3. Results
3.1. Patient Demographics

A total of n = 1000 consecutive patients underwent PCI for type 1 MI, of whom n = 294
were found to have MR on baseline TTE. Of these, n = 126 met the inclusion criteria,
and were included in the analysis (Figure 1). These patients had a mean age at MI of
70.9 ± 11.4 years, 64% were male, and the majority had hypertension (69%). Further details
of the cohort are reported in Table 1. In addition to the baseline TTE, data were available
for a total of n = 230 follow-up TTEs (mean: 1.8 per patient). Most patients had a single
follow-up TTE (56%), up to a maximum of seven follow-up TTEs. The final TTE was
performed a median of 25 months (IQR: 7–45) after the baseline TTE, although there was
considerable variability in this timing, with a range from 6 days to 63 months.
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Table 1. Patient demographics.

n Statistic

Age at MI (years) 126 70.9 ± 11.4
Sex (% male) 126 81 (64%)
BSA (m2) 126 1.84 ± 0.23
Hypertension 126 87 (69%)
Diabetes mellitus 126 50 (40%)
Creatinine clearance (mL/min) 126 70 ± 34
Peak troponin (ng/L) 126 647 (106–3430)

Type of MI

NSTEMI 126 76 (60%)
STEMI 126 50 (40%)

Coronary artery involvement

Left main coronary artery 126 9 (7%)
Left anterior descending coronary artery 126 97 (77%)
Left circumflex coronary artery 126 63 (50%)
Right coronary artery 126 61 (48%)

Baseline TTE

Days from MI to baseline TTE 126 2 (1–3)
LVEDVi (mL/m2) 115 50 (41–69)
LVESVi (mL/m2) 115 27 (17–39)
LAVi (mL/m2) 122 32 (25–44)
LVEF (%) 125 50 ± 15

Follow-up TTEs

Number of follow-up TTEs 126
1 71 (56%)
2 24 (19%)
3 20 (16%)
4 6 (5%)
5 4 (3%)
6 0 (0%)
7 1 (1%)

Months from baseline to final TTE 126 25 (7–45)
Evidence of medication optimisation * 120 60 (50%)

Data are reported as n (%), mean ± SD, or as median (IQR), as applicable. * Evidence of medication optimisation
in the notes taken at any follow-up visit. BSA = body surface area; LVED(S)Vi = left ventricular end-diastolic
(systolic) volume index; LVEF = left ventricular ejection fraction; LAVi = left atrial volume index; MI = myocardial
infarction; MR = mitral regurgitation; TTE= transthoracic echocardiography; (N)STEMI = (Non-)ST-elevation MI.

3.2. Changes in MR Severity

At the baseline TTE, most patients had mild MR (75%), with moderate and severe MR
in 24% and 2%, respectively (Table 2).

At the first follow-up TTE, a median of 9 months (IQR: 3–23) after the baseline TTE, a
significant improvement in MR was observed (p < 0.001), with 36% of patients having a
reduction in MR severity, compared to 10% having an increase (Table 3a). In the subgroup
of patients with additional follow up TTEs (n = 55), no further significant change in
MR severity was observed between the first follow-up, and the final follow-up TTEs
(p = 0.858, Table 3b), with 22% and 24% of patients having reductions and increases in
MR severity, respectively. All echocardiography during follow-up was reviewed, and no
change in mechanism for regurgitation was seen, for example, no cases were subject to de
novo prolapse.
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Table 2. Changes in MR severity.

Baseline TTE First Follow-up TTE Final Follow-up TTE

Months from baseline TTE - 9 (3–23) 25 (7–45)

MR severity
None - 34 (27%) 34 (27%)
Mild 94 (75%) 60 (48%) 60 (48%)
Moderate 30 (24%) 29 (23%) 28 (22%)
Severe 2 (2%) 3 (2%) 4 (3%)

Change in MR severity (vs. baseline) *
Reduced - 45 (36%) 47 (37%)
No change - 68 (54%) 62 (49%)
Increased - 13 (10%) 17 (13%)

p-Value p < 0.001 p < 0.001

Data are reported as n (%), or as median (interquartile range), as applicable. In those patients with only a single
follow-up TTE, the MR severity at the first and final follow-up TTE are derived from the same TTE. p-Values are
comparisons of the MR severity on the follow-up vs. baseline TTEs using Wilcoxon’s signed ranks test, and bold
p-values are significant at p < 0.05. * Changes of at least one category in the ordinal scale, relative to the baseline
echo. MR = mitral regurgitation; TTE = transthoracic echocardiography.

Table 3. (a) MR severity on baseline TTE v final follow-up TTE. (b) MR severity on first follow-up
TTE vs. final follow-up TTE.

(a)

MR Severity:
Baseline TTE

MR Severity: Final Follow-up TTE

None Mild Moderate Severe
None - - - -
Mild 30 47 15 2

Moderate 4 13 13 0
Severe 0 0 0 2

(b)
MR Severity:

First Follow-up TTE
MR Severity: Final Follow-up TTE

None Mild Moderate Severe
None 8 6 0 0
Mild 5 14 6 1

Moderate 1 6 8 0
Severe 0 0 0 0

Green cells represent a reduction in MR severity, with red cells representing an increase. (a) An overall comparison
found a significant reduction in MR severity from baseline to the final follow-up TTE (Wilcoxon’s signed ranks
test: p < 0.001). (b) Only those patients with more than one follow-up TTE are included (n = 55). An overall
comparison found no significant change in MR severity from the first to final follow-up TTE (Wilcoxon’s signed
ranks test: p = 0.858). MR = mitral regurgitation; TTE = transthoracic echocardiography.

Changes in MR severity, relative to the baseline TTE, were then assessed using a
repeated-measures approach, which allowed data from all TTEs to be included in the analy-
sis (Figure 2A). This returned results consistent with the above analysis, with an estimated
34% (95% confidence interval [CI]: 25–44%) of patients having immediate reductions, and
9% (95% CI: 5–17%) having immediate increases in MR severity after the baseline TTE.
Thereafter, the proportions of patients with reductions (p = 0.383) or increases (p = 0.511) in
MR severity (vs. baseline TTE) remained stable for the remainder of the follow-up period.
Analysis of the proportion of patients with moderate-to-severe MR also returned similar
results (Figure 2B), with an estimated rate of 27% (95% CI: 18–38%) immediately after the
baseline scan, which remained stable over the remainder of follow-up (odds ratio: 0.94 per
year, 95% CI: 0.76–1.15, p = 0.543).
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3.3. Associations with Changes in MR Severity

Patients were then divided based on the change in MR severity from the baseline to
final follow-up TTE; namely a reduction, no change, or an increase of at least one category
of the ordinal scale. A range of factors were then compared between these groups, to
identify potential predictors of changes in MR.

This found patients with increases in MR severity to be significantly older at the time of
MI, with a mean of 75.2 years, compared to 66.7 years in those with reductions MR severity
(p = 0.003), and to have a significantly lower creatinine clearance (mean: 60 vs. 81 mL/min,
p = 0.015, Table 4). These associations were further assessed using regression analysis,
and the resulting models are visualised in Figure 3. For example, the models estimated
that, for patients aged 50 years, MR severity would increase from the baseline TTE in
5% and reduce in 64% whilst, for those aged 80 years, these probabilities were 18% and
26%, respectively. In addition to the above, increasing MR severity was also found to be
significantly more common in patients with hypertension (17% vs. 5%, p = 0.005). This
analysis also assessed the associations between other TTE parameters and the change in
MR severity. When measured at the baseline TTE, none of these parameters were found
to be significant predictors of future changes in MR severity. However, increasing MR
severity was found to be significantly associated with a corresponding increase in LVEDVi,
with a median rate of change of +2.9 mL/m2 per year in those with an increase in MR
severity, compared to −0.8 mL/m2 per year in those with a reduction in MR severity
(p = 0.013). A similar trend was also observed for LVESVi (+3.5 vs. −1.2 mL/m2 per year,
p = 0.016). There was no evidence of a significant association between the likelihood of MR
progression and the coronary artery affected; however, the small number of patients with
MR progression limited the statistical power of this analysis.
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Table 4. Associations between baseline factors and the change in MR severity between baseline and
the final TTE.

Change in MR Severity from Baseline to Final TTE

n Reduction No change Increase p-Value

Age at MI (years) 126 66.7 ± 11.5 72.9 ± 11.5 75.2 ± 6.6 0.003

Sex 126 0.660
Female 16 (36%) 26 (58%) 3 (7%)
Male 31 (38%) 36 (44%) 14 (17%)

BSA (m2) 126 1.89 ± 0.24 1.81 ± 0.22 1.81 ± 0.25 0.065

Hypertension 126 0.005
No 21 (54%) 16 (41%) 2 (5%)
Yes 26 (30%) 46 (53%) 15 (17%)

Diabetes mellitus 126 0.173
No 32 (42%) 35 (46%) 9 (12%)
Yes 15 (30%) 27 (54%) 8 (16%)

Creatinine clearance (mL/min) 126 81 ± 40 64 ± 29 60 ± 22 0.015

Peak troponin (ng/L) 126 892 (86–3979) 546 (191–2837) 730 (38–3926) 0.736

Type of MI 126 0.195
NSTEMI 26 (34%) 37 (49%) 13 (17%)
STEMI 21 (42%) 25 (50%) 4 (8%)

Evidence of medication optimisation * 120 0.577
No 23 (38%) 29 (48%) 8 (13%)
Yes 20 (33%) 31 (52%) 9 (15%)

Baseline TTE parameters

LVEDVi (mL/m2) 126 51 (42–61) 50 (38–72) 55 (41–89) 0.630

LVESVi (mL/m2) 126 25 (17–35) 27 (16–42) 27 (22–61) 0.317

LAVi (mL/m2) 126 31 (24–41) 32 (24–44) 36 (30–48) 0.344

LVEF (%) 125 52 ± 13 50 ± 15 45 ± 19 0.196

Change in TTE parameters from baseline to final follow-up TTE **

Change in LVEDVi (mL/m2 per year) ** 110 −0.8 (−3.4, 2.5) 2.5 (−3.9, 13.1) 2.9 (2.1, 15.4) 0.013

Change in LVESVi (mL/m2 per year) ** 110 −1.2 (−3.1, 0.7) 0.2 (−6.3, 6.2) 3.5 (0.8, 14.6) 0.016

Change in LVEF (PP per year) ** 118 0.7 (−2.4, 4.8) 0.0 (−4.1, 7.4) −0.3 (−5.9, 3.6) 0.316

Continuous variables are reported as mean ± standard deviation, or as median (interquartile range), with
p-values from Jonckheere–Terpstra tests. Dichotomous variables are reported as n (row %), with p-values
from Mann–Whitney U tests, treating the change in MR severity as the dependent variable. Bold p-values are
significant at p < 0.05. * Evidence of medication optimisation in the notes taken at any follow-up visit. ** For
each patient, the rate of change in the parameter was estimated by dividing the change from the baseline to final
TTE by the time between them; the resulting values were then compared between groups. BSA = body surface
area; LVED(S)Vi = left ventricular end-diastolic (systolic) volume index; LVEF = left ventricular ejection fraction;
LAVi = left atrial volume index; MI = myocardial infarction; MR = mitral regurgitation; PCI = percutaneous
coronary intervention; PP = percentage point; TTE = transthoracic echocardiography; (N)STEMI = (Non-)ST-
elevation MI.

3.4. Associations with Patient Outcome
Patients were followed up for a median of 55 months (IQR: 46–61) after their MI, during which time n = 27 died,
and n = 28 had an HF admission (n = 12 of whom subsequently died); hence, the composite outcome occurred in
n = 43. Outcome rates were found to differ significantly by the change in MR severity from the baseline to final
follow-up TTE (p = 0.002, Figure 4A). For those with a reduction in MR severity, the Kaplan–Meier estimated
composite outcome rate was 16% at 5 years, compared to 44% (hazard ratio [HR]: 3.40, 95% CI: 1.47–7.83, p = 0.004)
in those with no change, and 59% (HR: 5.64, 95% CI: 2.14–14.9, p < 0.001) in those with an increase in MR severity.
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Figure 3. Associations between age/creatinine clearance and changes in MR severity. Plots are based
on binary logistic regression models, with either the age (A) or creatinine clearance (B) as a continuous
covariate. Two models were produced for each factor, with the dependent variable being reduction
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baseline and final TTE for each patient. The two models were then evaluated to estimate the rates of
reductions and increases in MR severity for each value of the covariate, with the difference between
these assumed to be the rate of “no change”. MI = myocardial infarction; MR = mitral regurgitation;
TTE = transthoracic echocardiography.
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Figure 4. Kaplan–Meier curves of freedom from death/heart failure admission by change in MR
severity. (A) groups all patients by the change in MR severity from the baseline TTE to the final
follow-up TTE. (B) only includes those patients where the first follow-up TTE was within 1 year of the
baseline TTE (n = 77), and groups these by the change in MR severity from baseline to the first follow-
up TTE. p-Values are from univariable Cox regression models. HF = heart failure; MI = myocardial
infarction; MR = mitral regurgitation; TTE = transthoracic echocardiography.

The analysis was then repeated considering the changes in MR severity between
the baseline and first follow-up TTE, for the subgroup of patients where this interval
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was less than one year (n = 77), in order to assess whether early changes in MR severity
could be predictive of long-term prognosis. This found similar trends to those previously
described, with outcome rates at 5 years of 24%, 48%, and 67% for those with reductions,
no change and increases in MR severity, respectively (Figure 4B). However, the difference
between groups did not reach statistical significance (p = 0.054), which may be attributed
to the smaller sample size in this analysis, particularly in the group with increasing MR
severity (n = 6).

3.5. Assessment of Selection Bias

Since the aim of the study was to assess changes in MR severity, only those patients
with at least one follow-up TTE were included. This resulted in more than half of the pa-
tients with MR following acute MI being excluded due to not having follow-up TTEs (57%;
168/294). To test for potential selection bias, the characteristics of these excluded patients
were compared to those included in the main analysis (n = 126, Supplementary Table S1).
This found the baseline demographics of the two groups to be generally similar, with the
only significant difference being a lower rate of diabetes mellitus in the excluded patients
(27% vs. 40%, p = 0.023). At the baseline TTE, the excluded patients had a higher mean
LVEF (53 ± 15 vs. 50 ± 15%, p = 0.014), although no significant difference in MR severity
was noted (moderate-to-severe: 23% vs. 25%, p = 0.769). However, 1-year mortality rates
were found to be significantly higher in those who were excluded due to a lack of follow-up
TTE (15%; 25/168), compared to those included in the final analysis (4%; 5/126; p = 0.003).

4. Discussion

This single-centre retrospective study is the first to investigate the course of MR and
associated clinical outcomes over the longer term following acute MI, including both
STEMI and NSTEMI patients. The study found that approximately one-third of patients
see an improvement in MR severity by their first follow-up (median: 9 months), while
approximately 1 in 10 patients with initially mild MR developed progression to moderate or
severe MR. Furthermore, although it is well-established that MR following MI is associated
with a worse outcome that is proportionate to the severity of regurgitation, our study
suggests that this prognosis is modified by the subsequent change in MR. This raises the
possibility that the trajectory of MR severity in the year following MI could be used to
target patients for more intensive therapy, including targeted specialist care to ensure
optimisation of medical therapy, together with careful case selection, either for surgical or
transcatheter mitral intervention.

The present study adds to the previous literature investigating the trajectory of MR
after acute MI, and finds that improvement generally occurs soon after MI. The main
previous study included 390 patients undergoing echocardiography after STEMI and at
6 months from discharge [2]. Nishino et al. found that overall MR severity trends towards
an improvement, with the proportion of patients with moderate or severe MR reducing
from 10% to 5% and the proportion of patients with no MR increasing from 62% to 72% at
6 months. This early improvement in MR in both studies is likely due to post-infarction LV
reverse remodelling, which occurs in up to one-third of patients following acute MI [10], a
process accelerated by the impact of current drug therapy that is considered maximal in
the first 12 months [11,12].

The patient group of most interest clinically are those with mild MR at baseline who
progress to moderate or severe MR with time. Patients with mild MR are not routinely
followed up on account of the MR alone [13], yet the 5-year follow-up data from this study
reveals that patients with progression of mild MR had a significantly increased risk of
HF hospitalisation and death, compared to patients with no change or improvement in
MR. This is in keeping with previous studies, which have shown that clinical outcome is
directly related to the severity of residual MR [1,2]. The translational aim of this work was
to seek demographic, clinical, or echocardiographic markers to predict those patients most
at risk of adverse long-term clinical outcomes in the early post-infarction period. While
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our study found the major drivers to progression of MR were older age, hypertension and
lower creatinine clearance, these factors may be of limited clinical use as risk prediction
tools, given the high prevalence of these conditions in the elderly population. A subgroup
analysis of patients with exclusively mild MR at baseline (Supplementary Table S2) found
no discernible difference in any clinical or echocardiographic risk factors amongst patients
with and without progression of MR.

5. Conclusions

In this study of 126 consecutive patients having repeat TTE with MR following per-
cutaneous intervention for MI at a large tertiary centre, most patients had mild MR, and
a quarter had moderate or severe MR. At the first follow-up TTE, MR improved in many,
but progressed in 1 in 10 patients. Change in MR severity affected prognosis: 16% with
reduced MR reached the composite endpoint of death or heart failure hospitalisation at
5 years, compared to 44% with no change, and 59% with worsening MR. Other than older
age, lower creatinine clearance and the presence of hypertension, no other imaging pre-
dictors were found to identify these individuals with the worst outcomes. The findings of
this study suggest that a future prospective study may be warranted, in order to validate
the conclusions.

6. Limitations

The primary limitation of the study is the potential for selection bias. This was a
retrospective study, including a convenience sample of the TTEs performed at our centre.
However, less than half of patients presenting with MR underwent a follow-up TTE.
Therefore, we considered the possibility that those patients who had follow-up scans may
have been more symptomatic, or considered higher risk by clinicians. In fact, when testing
for such selection bias by comparing outcomes between the included and excluded patients,
we found that 1-year mortality rates were higher in those patients with MR that were
excluded, despite similar demographics in the two groups. Consequently, if some of these
excess deaths in the excluded patients were as a result of undiagnosed early progression of
MR, then rates of increasing MR severity may have been underestimated in our study.

In addition to the potential bias resulting from excluding patients, selection bias may
also have influenced the timing and frequency of follow-up TTEs in those patients included
in the study. Whilst most patients had only a single follow-up TTE, a maximum of seven
TTEs was observed, and the timing of TTEs was highly variable. When assessing TTEs
longitudinally, a repeated-measures methodology was used to prevent those patients with
large numbers of TTEs having undue weight in the analysis. However, the inconsistent
frequency and timing of follow-up TTEs may have meant that MR progression was more
likely to be identified in those patients targeted by clinicians for regular follow-up, with
diagnoses more likely to be missed or delayed in patients not selected for regular review.
This again means that rates of increasing MR severity may have been underestimated in
our study.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm11040965/s1, Table S1: Comparisons between patients included
(n = 126) vs. excluded (n = 168) from the study derived from all patients who had MR following MI
(n = 294); Table S2: Associations between baseline factors and the change in MR severity between
baseline and the final echo for patients with mild MR at baseline.

Author Contributions: Conceptualization, H.S., R.P.S. and M.A.N.; Methodology, H.S., R.P.S. and
M.A.N.; Data curation, H.S., M.Y., I.S., A.R., S.B., J.M., K.O. and N.Z.; Formal analysis, H.S. and J.H.;
Writing—original draft preparation, H.S.; Writing—review and editing, M.Y., I.S., J.H., A.R., S.B., J.M.,
K.O., N.Z., S.N.D., S.S.H., J.N.T., S.G.M., P.F.L., R.P.S. and M.A.N.; Supervision, R.P.S. and M.A.N. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

https://www.mdpi.com/article/10.3390/jcm11040965/s1
https://www.mdpi.com/article/10.3390/jcm11040965/s1


J. Clin. Med. 2022, 11, 965 12 of 12

Institutional Review Board Statement: This study was a registered retrospective observational audit
performed in compliance with local clinical and research governance principles.

Informed Consent Statement: This research article does not contain patient identifiable information.
The British Cardiovascular Interventional Society (BCIS) formally collects the data for all coronary
interventional procedures performed in the UK with regard to the clinical characteristics, procedural
details and outcomes as part of a robust National Institute of Cardiovascular Research (NICOR) audit.
As all data collected as part of the BCIS database are managed by the NICOR registry as part of the
audit initiative and are anonymised for purposes of research, formal consent is not required.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors acknowledge the significant contribute of the echocardiography
department of the Queen Elizabeth Hospital Birmingham.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sharma, H.; Radhakrishnan, A.; Nightingale, P.; Brown, S.; May, J.; O’Connor, K.; Shakeel, I.; Zia, N.; Doshi, S.N.;

Townend, J.N.; et al. Mitral regurgitation following acute myocardial infarction treated by percutaneous coronary intervention-
prevalence, risk factors and predictors of outcome. Am. J. Cardiol. 2021, (in press). [CrossRef] [PubMed]

2. Nishino, S.; Watanabe, N.; Kimura, T.; Enriquez-Sarano, M.; Nakama, T.; Furugen, M.; Koiwaya, H.; Ashikaga, K.; Kuriyama, N.;
Shibata, Y. The course of ischemic mitral regurgitation in acute myocardial infarction after primary percutaneous coronary
intervention. Circ. Cardiovasc. Imaging 2016, 9, 1–10. [CrossRef] [PubMed]

3. Mentias, A.; Raza, M.Q.; Barakat, A.F.; Hill, E.; Youssef, D.; Krishnaswamy, A.; Desai, M.Y.; Griffin, B.; Ellis, S.; Menon, V.; et al.
Outcomes of ischaemic mitral regurgitation in anterior versus inferior ST elevation myocardial infarction. Open Heart 2016,
3, e000493. [CrossRef] [PubMed]

4. Sannino, A.; Smith, R.L.; Schiattarella, G.G.; Trimarco, B.; Esposito, G.; Grayburn, P.A. Survival and cardiovascular outcomes of
patients with secondary mitral regurgitation: A systematic review and meta-analysis. JAMA Cardiol. 2017, 2, 1130. Available
online: https://europepmc.org/articles/PMC (accessed on 1 December 2020). [CrossRef] [PubMed]

5. Vahanian, A.; Beyersdorf, F.; Praz, F.; Milojevic, M.; Baldus, S.; Bauersachs, J.; Capodanno, D.; Conradi, L.; De Bonis, M.;
De Paulis, R.; et al. 2021 ESC/EACTS Guidelines for the management of valvular heart disease. Eur. Heart J. 2021, 00, 1–72.
[CrossRef] [PubMed]

6. Ibanez, B.; James, S.; Agewall, S.; Antunes, M.J.; Bucciarelli-Ducci, C.; Bueno, H.; Caforio, A.L.P.; Crea, F.; Goudevenos, J.A.;
Halvorsen, S.; et al. 2017 ESC Guidelines for the management of acute myocardial infarction in patients presenting with
ST-segment elevation. Eur. Heart J. 2018, 39, 119–177. [CrossRef] [PubMed]

7. Collet, J.-P.; Thiele, H.; Barbato, E.; Barthélémy, O.; Bauersachs, J.; Bhatt, D.L.; Dendale, P.; Dorobantu, M.; Edvardsen, T.;
Folliguet, T.; et al. 2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without
persistent ST-segment elevation. Eur. Heart J. 2021, 42, 1289–1367. [CrossRef] [PubMed]

8. Wharton, G.; Steeds, R.; Allen, J.; Phillips, H.; Jones, R.; Kanagala, P.; Lloyd, G.; Masani, N.; Mathew, T.; Oxborough, D.; et al.
A minimum dataset for a standard adult transthoracic echocardiogram: A guideline protocol from the British Society of
echocardiography. Echo Res. Pract. 2015, 2, G9–G24. [CrossRef] [PubMed]

9. Zoghbi, W.A.; Adams, D.; Bonow, R.O.; Enriquez-Sarano, M.; Foster, E.; Grayburn, P.A.; Hahn, R.T.; Han, Y.; Hung, J.;
Lang, R.M.; et al. Recommendations for Noninvasive Evaluation of Native Valvular Regurgitation: A Report from the American
Society of Echocardiography Developed in Collaboration with the Society for Cardiovascular Magnetic Resonance. J. Am. Soc.
Echocardiogr. 2017, 30, 303–371. [CrossRef] [PubMed]

10. Spinelli, L.; Morisco, C.; di Panzillo, E.A.; Izzo, R.; Trimarco, B. Reverse left ventricular remodeling after acute myocardial
infarction: The prognostic impact of left ventricular global torsion. Int. J. Cardiovasc. Imaging 2012, 29, 787. Available online:
https://link.springer.com/article/10.1007/s10554-012-0159 (accessed on 16 November 2021). [CrossRef] [PubMed]

11. Doughty, R.N.; Whalley, G.A.; Gamble, G.; MacMahon, S.; Sharpe, N. Left Ventricular Remodeling With Carvedilol in Patients
With Congestive Heart Failure Due to Ischemic Heart Disease. J. Am. Coll. Cardiol. 1997, 29, 1060–1066. [CrossRef]

12. Konstam, M.A.; Rousseau, M.F.; Kronenberg, M.W.; E Udelson, J.; Melin, J.; Stewart, D.; Dolan, N.; Edens, T.R.; Ahn, S.;
Kinan, D. Effects of the Angiotensin Converting Enzyme Inhibitor Enalapril on the Long-term Progression of Left Ventricular
Dysfunction in Patients With Heart Failure. Circulation 1992, 86, 431–438. Available online: http://ahajournals.org (accessed on
16 November 2021). [CrossRef] [PubMed]

13. Anon. Heart Valve Disease Presenting in Adults: Investigation and Management NICE Guideline. Available online: www.nice.
org.uk/guidance/ng (accessed on 16 December 2021).

http://doi.org/10.1016/j.amjcard.2021.07.029
http://www.ncbi.nlm.nih.gov/pubmed/34417016
http://doi.org/10.1161/CIRCIMAGING.116.004841
http://www.ncbi.nlm.nih.gov/pubmed/27516478
http://doi.org/10.1136/openhrt-2016-000493
http://www.ncbi.nlm.nih.gov/pubmed/27933193
https://europepmc.org/articles/PMC
http://doi.org/10.1001/jamacardio.2017.2976
http://www.ncbi.nlm.nih.gov/pubmed/28877291
http://doi.org/10.1093/eurheartj/ehab395
http://www.ncbi.nlm.nih.gov/pubmed/34453165
http://doi.org/10.1093/eurheartj/ehx393
http://www.ncbi.nlm.nih.gov/pubmed/28886621
http://doi.org/10.1093/eurheartj/ehaa575
http://www.ncbi.nlm.nih.gov/pubmed/32860058
http://doi.org/10.1530/ERP-14-0079
http://www.ncbi.nlm.nih.gov/pubmed/26693316
http://doi.org/10.1016/j.echo.2017.01.007
http://www.ncbi.nlm.nih.gov/pubmed/28314623
https://link.springer.com/article/10.1007/s10554-012-0159
http://doi.org/10.1007/s10554-012-0159-5
http://www.ncbi.nlm.nih.gov/pubmed/23179752
http://doi.org/10.1016/S0735-1097(97)00012-0
http://ahajournals.org
http://doi.org/10.1161/01.CIR.86.2.431
http://www.ncbi.nlm.nih.gov/pubmed/1638712
www.nice.org.uk/guidance/ng
www.nice.org.uk/guidance/ng

	Introduction 
	Materials and Methods 
	Patient Selection 
	Data Collection 
	MR and Chamber Assessment 
	Intervention and Medical Treatment 
	Statistical Analysis 

	Results 
	Patient Demographics 
	Changes in MR Severity 
	Associations with Changes in MR Severity 
	Associations with Patient Outcome 
	Assessment of Selection Bias 

	Discussion 
	Conclusions 
	Limitations 
	References

