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Abstract

Background: Functional tricuspid regurgitation (FTR) is common in left-sided heart pathology involving the mitral
valve. The incidence, clinical impact, risk factors, and natural history of FTR in the setting of ischemic mitral regurgita-
tion (IMR) are less known.

Method: We conducted a cohort study based on data collected from January 2012 to December 2014. Patients
diagnosed with IMR were eligible for the study. The median follow-up was 5 years. The primary outcome is defined as
FTR developing at any stage.

Results: Among the 134 IMR patients eligible for the study, FTR was detected in 29.9% (N =40, 20.0% mild, 62.5%
moderate, and 17.5% severe). In the FTR group, the average age was 60.7 + 9.2 years (25% females), the mean LV ejec-
tion fraction (LVEF) was 37.346.45 [%], LA area 46.4 4 8.06 (mm?), LV internal diastolic diameter (LVIDD) 59.6 4 3.94
(mm), RV fractional area change 22.3 +4.36 (%), systolic pulmonary artery pressure (SPAP) 48.4+9.45 (mmHg). Inde-
pendent variables associated with FTR development were age > 65y [OR 1.2], failed revascularization, LA area>42.5
(mm?) [OR 17.1], LVEF < 24% [OR 32.5], MR of moderate and severe grade [OR 419.4], moderate RV dysfunction [OR
91.6] and pulmonary artery pressure of a moderate or severe grade [OR 33.6]. During follow-up, FTR progressed in

39 (97.5%) patients. Covariates independently associated with FTR progression were lower LVEF, RV dysfunction, and
PHT of moderate severity. LA area and LVIDD were at the margin of statistical significance (p=0.06 and p=10.05,
respectively).

Conclusion: In our cohort study, FTR development and progression due to IMR was a common finding. Elderly
patients with ischemic MR following unsuccessful PCl are at higher risk. FTR development and severity are directly
proportional to LV ejection fraction, to the extent of mitral regurgitation, and SPAP. FTR tends to deteriorate in the
majority of patients over a mean of 5-y follow-up.
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Introduction

Acute myocardial infarction directly affects myocar-
dial viability and functionality and leads to structural
remodeling and conduction changes seen immedi-
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complication observed following the remodeling of the
injured left ventricle [1-3].

IMR is defined as mitral regurgitation following
structural remodeling due to ischemic myocardial
injury that is not directly related to valvular or sub-val-
vular pathologies such as mitral valve prolapse, endo-
carditis, autoimmune disease, medication, or direct
radiation effect. The mechanism of IMR seems to be
limited to leaflet motion, mainly due to shortening and
limited relaxation of the ischemic papillary muscles.
IMR is often classified as type IIIb of the Carpentier
classification introduced in 1983, involving a restricted
leaflet motion, most commonly the posterior leaflet
[4]. There can also be a widening of the annulus diam-
eter of the failing LV and secondary leaflet malcoapta-
tion. Ischemic mitral regurgitation may develop after
myocardial infarction in 11-59% of patients [5-7].

Functional tricuspid regurgitation (FTR) is the con-
sequence of various structural and functional changes
involving the tricuspid annulus and the right ventricle.
It is mostly secondary to left-sided mitral pathology in
mitral regurgitation, mitral stenosis, and aortic steno-
sis [8, 9]. Patients with FTR and IMR have a higher risk
of developing heart failure and double the mortality
risk [10-16]. The prevalence of TR in the context of
MYV disease was described in recent studies addressing
general left-sided pathology [17-21]. The prevalence
and natural history of FTR in the setting of mitral
regurgitation following myocardial infarction is less
known.

Methods

Planning of the study

We conducted an observational cohort study using
Emek Medical Center’s computerized database, a
university-based secondary care center. Information
regarding patient characteristics, demographics, and
angiographic details were collected and analyzed using
the Clalit health service database. Patients enrolled
in the study were admitted to our heart institute for
acute myocardial infarction (MI) from January 2012
to December 2014. Patients younger than 18 years and
patients with primary mitral and tricuspid pathology
and secondary pulmonary-related tricuspid regurgita-
tion were excluded. The study population consisted of
patients who developed mitral regurgitation following
myocardial infarction. Patients were eligible for the
study provided they met the inclusion criteria (Addi-
tional file 1: Table 1s-supplementary) and had at least
one transthoracic echocardiogram (TTE) at the time of
hospitalization and at least one TTE during follow-up
with no new MlIs.
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Echocardiographic analysis

All echocardiograms were performed at the hospitali-
zation time using General Electric VIVID-75s, VIVID
95, Philips CVx, and a portable bedside VIVID-1. The
echocardiographic reports were prospectively reviewed
independently by senior cardiologists using the Care-
stream Vue imaging system. In case of disagreement, an
additional certified cardiologist was consulted. Echocar-
diographic images were assessed based on mitral and
tricuspid insufficiency using an integrated approach con-
sidering valvular morphology, the proximal jet’s width,
color Doppler flow, jet area, and hepatic and pulmonary
flow patterns. LV ejection fraction (LVEF) was visually
assessed (eyeball) in multiple acoustic windows and cal-
culated using the biplane Simpson method. Continuous-
wave (CW) Doppler over TR peak gradient and the vena
cava estimated central pressure using inferior vena cava
(IVC) diameter and the respiratory fluctuation were
used to estimate the systolic pulmonary artery pressures
(SPAP) and the right atrial pressure followed by the cat-
egorization of severity grade and chamber size accord-
ing to the American Society of Echocardiography (ASE)
and the European Association of Cardiovascular Imaging
(EACVI) guidelines [22, 23].

Sample size

The planned sample size is based on multiple variables
such as IMR and FTR prevalence and a group difference
of at least 15% to demonstrate a statistical difference
of 80% and alpha of 5% in a two-sided test. We had to
include a minimum sample size of 164 patients. Prelimi-
nary analysis revealed that one out of five patients would
be eligible for the study. Following these analyses, we
extended the duration of recruitment for 2 years.

Ethics

Our institutional Ethics Committee approved the study
following the Helsinki Convention. The Emek Medical
Center IRB waived informed consent due to the use of
anonymous patient data and the retrospective nature of
the study (approval No. 0105-17, EMC).

Statistical analysis

Continuous  variables  were  presented  using
mean =+ standard deviation. Categorical variables were
presented using frequencies and percentages. A chi-
square test was performed to analyze the association
between the study groups and categorical variables. For
continuous variables, we used the t-test (alternatively the
Wilcoxon two-sample test). All confidence intervals are
at the 95% level. TR progression was analyzed using the
Mantel-Cox multivariant analysis, R-squared analysis,
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Patients hospitalized in ICCU due to Acute
Myocardial Infarction during the study period.
N=960

Excluded from the study (based on TTE reports)
N=242

1. Prior mitral regurgitation (220)
2. Prior Tricuspid regurgitation (22)

Excluded from the study
N=32
1. Functional non-ischemic mitral regurgitation (8)

a. Annular dilatation (1)
b. Ruptured Chordae/Papillary Muscle (1)
c¢. Hypertrophic cardiomyopathy (3)
d. Congenital heart defect (0)
e. Infective Endocarditis (3)

2. Primary mitral valve pathology (8)
a. Mitral valve prolapse/flail (3)
b. Rheumatic Heart Disease (2)
c. Mitral Valve prolapse (2)
d. Radiation therapy (1)

3. Primary tricuspid pathology (1)
a.  Rheumatic heart disease (1)

4. Secondary Tricuspid valve pathology (15)
a.  Secondary pulmonary hypertension — (6)
b.  Chronic pulmonary embolism — (1)
c.  Right ventricle infarct (2)
d. RV lead (6)

Ischemic Mitral Regurgitation (IMR)
N=175 (25.6%)

Excluded from the Study
N=41

Lack of appropriate follow-up and poor imaging quality

Study Group
N=134
No-FTR FTR Development
N=94 (70.1%) N=40 (29.9%)
Follow-up
FTR Progression

N=39 (97.5%)

Fig. 1 Study design
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Table 1 Baseline characteristics of the study population, overall and by FTR development grade
Overall RTF No FTR Mild FTR Moderate FTR Severe FTR p value for
(N=134) (N=40) (N=94) (N=8) (N=25) (N=7) trend
Age,y 59.74£115 624+115 593+£124 5534+119 610486 654452 <0.0001%
[59;30-94] [62;37-84] [59;30-94] [55;37-78] [61;48-84] [66;55-72]
Age,> 65y, n (%) 43 (32.1) 14 (35) (30.9) 29 1(12.5) 8(32) 5(71.4) 0.39
Male, n (%) 105 (784) 30 (75) 75(71.4) 7 (87.5) 18 (72) 5(71.4) 023
Clinical history
Smoker, n (%) 75 (56) 20 (50) 51 (54.3) 4 (50) 14 (56) 6(85.7) 0.5
Obesity, n (%) (254) 34 12 (30) (23.4) 22 00 (36)9 (429)3 042
Hypertension, n (%) 68 (50.7) 19 (47.5) 28 (29.8) 0(0) 4(16) 2(28.6) 0.1
Dyslipidemia, n (%) 95 (70.9) 33(825) 66 (70.2) 6 (75) 19 (76) 4(57.1) 0.79
Chronic renal failure, 6 (4.6) 2 (5.0) 5(5.5) 0(0) 14) 0(0) 0.88
n (%)
Diabetes mellitus, 52(38.8) 18 (45) 38 (40.4) 3(37.5) 7(28) 4(57.1) 0.5
n (%)
PVD, n (%) 7(5.2) 4(10) 5(5.3) 0(0) 1(4) 1(14.3) 0.72
AF, n (%) 26 (19.4) 12 (30) 18 (19) 2 (25) 6 (24) 0(0) 0.76
CABG, n (%) 6 (4.5) 2(5.0) 332 1(12.5) 1(4) 1(14.3) 0.28
Killip class, n (%) 0.81
1 112 (83.6) 34 (85) 79 (84) 7(87.5) 19 (76) 7 (100)
2 1(0.7) 1(25) 1(1.0) 0(0) 0(0) 0(0)
3 7(5.2) 3(7.5) 3(3.2) 0(0) 4(16) 0(0)
4 14 (104) 2(5.0) 1101.7) 2(8) 2(8) 0(0)
Peak total CPK, mean 1925 1825 1587 1927 2688 3815 0.68
Peak Tnl, mean 2713 2302 2531 2612 3091 3927 0.01
IRA 0.79
LM 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
LAD 64 (47.8) 19 (47.5) 45 (47.9) 4 (50) 10 (40) 5(714)
X 4(3) 2(5.0) 2(2.1) 1(12.5) 1 (40) 0(0)
RCA 45 (36) % 14 (35) 31(33) 2(25) 11 (44) 1(14.3)
Other 21(15.7) 5(12.5) 16 (17) 1(12.5) 3(12) 1(14.3)
Multi-vessels CAD, 79 (59) 26 (65) 53 (56.4) 6 (75) 16 (64) 4(57.1) 0.71
n (%)
Successful PCl, n 128 (91) 30 (75) 92 (97.9) 8 (100) 17 (68) 5(714) <0.0001
(%) Y

PVD indicates Peripheral Vascular disease; AF, Atrial Fibrillation; CABG, Coronary artery bypass grafting; CPK, Creatinine phosphokinase; Tnl, Troponin I; IRA, Infarct
related artery; LM, left main; LAD, left descending artery; CX, Circumflex artery; RCA, Right coronary artery; CAD, coronary artery disease; PCl, percutaneous coronary

intervention
¥ Defined as successfully performed balloon dilatation or stent implantation

X Cochrane-Armitage progression test

and One-way ANOVA. Multivariable models and linear
regression analysis were used to estimate the predic-
tors of FTR. Cut-off points for continuous variables as
LVIDD, LA, sPAP, and LVEF were made using the high-
est sensitivity and specificity point in the ROC curve. The
odds ratio was calculated using descriptive analysis in
SPSS and linear regression models. Some variables such
as age and gender were analyzed using the Cochrane-
Armitage test. Forest plot and subgroup analysis for FTR
Differences was done using JMP (SAS) and considered
statistically significant at the 2-sided p level of 0.05. The

statistical analyses were performed using the software
SPSS (IBM) and SAS 9.4 (SAS).

Results of the study

During the study period, 960 patients were admitted to
the intensive cardiac unit due to acute MI. Of these, 274
patients were excluded from the study: 236 patients were
excluded due to previous known MR, non-ischemic orig-
inating mitral regurgitation, and primary mitral pathol-
ogy. Thirty-eight patients were excluded due to previous
TR, secondary TR, and primary tricuspid pathology.
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Table 2 Echocardiographic characteristics of study population at the indexed event
Overall RTF No FTR Mild FTR Moderate Severe FTR p value for 95% Cl
(N=134) (N=40) (N=94) (N=8) FTR (N=7) Trend range
(N=25)
LA Area, mm 38+838 4631806 35+6.89 45134814 461873 48+£55 <0.0001 [-0.01-0.02]
LVIDD, mm 55+6.2 592439 53+6.1 50+£19 58+4.7 60£18 <0.0001 [0.00-0.03]
LVEF, % 46+£94 37+64 50473 43+£32 37452 28+£27 <0.0001 [—0.02-0.00]
RV FAC, % 28+54 222443 30+36 23+50 21144 22+38 <0.0001 [—0.06-0.01]
RV dysfunc- 33 (24) 30 (75) 3(3.2) 5(62.5) 20 (80) 5(71.4) <0.0001 [0.46-0.06]
tion>2,n (%)
Mean sPAP mm  36£10.8 482+94 32471 34+64 46+4.6 59453 <0.0001 [0.01-0.03]
Hg
PHT > Moderate, 33 (24.6) 32 (80) 3(3.2) 5(62.5) 20 (80) 5(714) <0.0001 [0.0-0.62]
n (%)
MR>2, n (%) 47 (35.1) 39(97.5) 8(8.5) 7(87.5) 25 (100) 7 (100) <0.0001 [—0.3-0.39]

Overall and by FTR development grade

R=.395, R2=.874.The Highest Beta coefficient was observed in LVEF (.396) and RV dysfunction>2 (.206). No multicollinearity was observed

LVIDD indicates left ventricular internal diameter at end-diastolic phase; LVEF left ventricular ejection fraction; RV FAC, Right ventricular fractional area change; sPAP,
systolic pulmonary artery pressure; PHT, Pulmonary Hypertension; MR, mitral regurgitation

Of the 686 eligible patients, 175 (25.6%) developed
ischemic mitral regurgitation. Forty-one patients were
excluded due to a lack of adequate follow-up TTE exams
and low imaging quality. Thus, 134 patients were in the
final study cohort (Fig. 1). The mean follow-up time was
5.2+ 1.4 years [4.54, 3.54—6.4].

FTR development

In the indexed events, FTR was observed in forty
patients (29.9%). The two groups’ demographic charac-
teristics revealed that patients who developed FTR were
older (6244115 and 59.3+12.4 vyears, respectively,
p<0.0001). Older age was directly linked to FTR severity
(59.3+12.4, 55.3+£11.9 and 65.4+5.2 years, p<0.0001
using Cochrane-Armitage test for trend, for mild, mod-
erate, and severe FTR, respectively). Multivariate linear
regression analysis indicated that failed revascularization
during the indexed event was an independent covari-
ate for FTR development and severity (2.1% vs. 25.0%
and 28.6%, p<0.0001, R>=0.134, for failed PCI in Non-
FTR patients, FTR patients, and severe FTR patients,
respectively). Door-to-balloon (D2B) time of 90 min
was achieved in 94% of cases and did not influence FTR
development (p =0.56). Gender, smoking, obesity, hyper-
tension, hyperlipidemia, diabetes mellitus, peripheral
vascular disease, atrial fibrillation, chronic renal failure,
prior coronary bypass surgery, or the Killip class were not
found to be different between patients who developed
FTR and those who did not (Table 1).

We did not find a significant statistical correlation
between the infarct-related arteries involved or the exist-
ence of multiple coronary artery diseases with the devel-
opment of FTR (p=0.65 and p =0.48, respectively).

Echocardiographic characteristics of the study popula-
tion showed a significant statistical correlation between
LA size, LV internal diastolic diameter (LVIDD), LV ejec-
tion fraction (LVEF), RV function (measured as RV frac-
tional area change, RVFAC), Systolic pulmonary artery
pressure (SPAP) and MR severity grade with the develop-
ment of FTR (all p <0.0001) (Table 2). We intended to find
a specific cut-off point with the most significant influence
on FTR development; therefore, we initially identified all
significant predictors that influence FTR development
using regression analysis and then applied them on a
receiver operating characteristic (ROC) curve. We identi-
fied the point with the highest sensitivity and specificity
and the area under the curve (AUC) and reanalyzed them
in a Cox-regression survival model for Odds-ratio. The
following cut-off points and the corresponding odds ratio
were identified. LA size>42.5 mm, LVIDD >56.5 mm,
mSPAP > 38.5 mmHg, and LVEF <24.0% were best pre-
dictors for FTR development (OR 17.1, OR 6.4, OR 51.1,
OR 91.6, OR 32.5, respectively). Moderate/Severe MR
had the highest odds ratio for FTR development (OR
419.4, 95% CI [50.4—3468.6]) followed by RV with mod-
erate or severe dysfunction (OR 51.4, [95% CI, 15.8-9.6]
(Fig. 2).
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Fig. 2 The odds ratio for FTR development in IMR patients [Subgroup Analysis, Log scale]. p <0.0001 [95% Cl] for LA size > 42.5, LVIDD > 56.5,
mSPAP > 38.5, RV dysfunction grade > 2. IMR grade > 2, PHT grade > 2, LVEF < 24. LVIDD indicates left ventricular internal diameter at end-diastolic
phase; LVEF left ventricular ejection fraction; RV FAC, Right ventricular fractional area change; sPAP, systolic pulmonary artery pressure; PHT,
Pulmonary Hypertension; MR, mitral regurgitation

Predictors of FTR progression

‘FTR progression’ was defined as a deterioration in TR’s
severity at follow-up compared to the indexed event.
During follow-up, FTR progressed in 39 (97.5%) of newly
developed FTR patients.

The mean age was 60.5+12.5 years [38-94], and
17.9% were female. There was no statistically significant
difference in essential clinical characteristics between
patients who developed FTR and patients who did not.
The progression of FTR was strongly and indepen-
dently associated with elevated pulmonary artery pres-
sure (p=0.001 for moderate and severe PHT), reduced
LVEF (p<0.0001), and moderate/severe RV dysfunction

(p=0.002). LA area and LVIDD were borderline signifi-
cant (p=0.06 and p=0.05, respectively). Moderate or
severe MR was found to be statistically linked to FTR
progression (p= <0.0001, x>*=0.06, CI =95%) (Table 3).
The mean time to progression rate was 4.1+ 1.8 years
[3.9, 2.4-5.4]. To assess whether a specific group of
patients had a higher progression rate, we created four
arbitrary groups based on the most common combina-
tion of echocardiographic characteristics in the study
population. Group 1 included patients with MR grade > 2,
LVEF <24%, moderate/severe RV dysfunction and
SPAP > 38 mmHg, while Group 4 included patients with
none of the above criteria (MR grade<2, LVEF >24%,
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Table 3 Clinical and echocardiographic characteristics of study population at follow-up

Overall (N=134)

RTF progression (N=39)

No FTR progression p value for

(N=94) trend

Age, years; mean £ SD (range) 59.7+£115 6054125 503+£11.2 0.356
[30-94] [38-94] [30-89]

Gender (Male) 105 (78.4) 32(82.1) 73 (76.8) 0.06

LA Area, mm (Range) 39.53£9.2 429+106 3561£7.0 0.06
[20-73] [23-73] [20-53]

LVIDD, mm 562472 589473 531461 0.05
[42-72] [43-70] [42-64]

LVEF, % 4514102 40.1£103 506473 <0.0001
[20-65] [20-58] [30-65]

RV FAC, % 270461 231469 30.50+3.38 0.002
[10-38] [10-37] [23-38]

RV dysfunction>2, n (%) 40 (29.9) 22 (56.4) 3(4.2) <0.0001

Mean sPAP, mm Hg 385+£123 436+11.62 31.6£84 <0.0001
[19-66] [22-65] [19-59]

PHT > Moderate, n (%) 51(38.1) 23 (59) 9(125) 0.001

MR>2,n (%) 46 (34.3) 36 (78.3) 10(11.4) <0.0001

Echocardiographic Group? <0.0001

Group 1 0 (0) 32 (69.6)

Group 2 5(5.7) 4(8.7)

Group 3 9(10.2) 5(109)

Group 4 74 (84.1) 5(10.5)

Overall and by FTR development grade
R=.917, R2=.842. No multicollinearity was observed

LVIDD indicates left ventricular internal diameter at end-diastolic phase; LVEF left ventricular ejection fraction; RV FAC, Right ventricular fractional area change; sPAP,
systolic pulmonary artery pressure; PHT, Pulmonary Hypertension; MR, mitral regurgitation

2 see Table 4 for reference

Table 4 Echocardiographic parameters according to Groups
(reference for Fig. 3)

Echocardiographic  Group 1 Group 2 Group 3 Group
parameters 4

(n=23) (n=9) (n=41) (n=97)
MR grade > 2 +° + +°€ -
LVEF < 24% +° + - -
RVD grade>?2 + - _f _h

SPAP > 38 mmHg +¢ 4.d 9 i

MR indicates mitral regurgitation; LVEF, Left ventricular ejection fraction; RV,
right ventricular dysfunction; sPAP, systolic pulmonary artery pressure

2Two patients had MR grade <2

b Seven patients had LVEF >24%

€ One patient had sPAP <38 mmHg
4Two patients had sPAP < 38 mmHg
€ Five patients had MR grade <2
fSix patients had LVEF >24%

9 Five patients had sPAP > 38 mmHg
P One patient had RVD grade > 2
iTen patients had sPAP > 38 mmHg

normal or mild RV dysfunction and SPAP <38 mmHg).
Group 2 and group 3 had mixed echocardiographic cri-
teria (Table 4). The progression rate was the highest in
Group 1 (2.5+1.1 years [2.1, 0.6-5.2] and the lowest in
group 4 (4.7 £2.1 [5.04, 3.2-5.4] (Fig. 3).

The presence of FTR was a significant predictor of
increased mortality in patients with IMR (Mantel-
Cox x?=5.02, p=0.025). The mean survival time was
4.58 years (95% CI: 4.11-5.04 years) in the FTR group
and 5.15 years (95% CI: 4.9-5.4 years) in the no-FTR
group (Fig. 4).

Discussion

Our study results support recent reports of bivalvu-
lar deterioration in heart failure patients with reduced
ejection fraction (HFrEF) and the interconnection
between the mitral and tricuspid apparatuses [24—27].
Our study highlights a specific group of patients with
ischemic-related mitral regurgitation and its effect on
functional TR development.
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Fig. 3 K-M progression curve for FTR development of the study population by four different echocardiographic groups (see Additional file 1:
Table S1 for reference). p < 0.0001 for the difference between groups (Log-rank and Wilcoxon tests)

Multivalve involvement was described in the past
regarding rheumatic heart disease and congenital heart
disease and not extensively in the context of ischemic
heart disease [28-32].

Myocardial infarction is still the most common cause of
HFrEF, and until recently, it was thought that its primary
effect was directed toward left-sided pathology through
an extensive remodeling process [33, 34].

IMR is a common complication after myocardial infarc-
tion that requires adequate follow-up regardless of the
appearance of clinical symptoms [35-37]. Mild asymp-
tomatic IMR usually tends to be neglected; however, our
study demonstrates a linear relationship between mitral
regurgitation and the development of functional tricus-
pid regurgitation due to myocardial infarction. This lin-
ear connection involves volume and pressure overload,
shifting from the left to the right side through the pulmo-
nary vasculature.

Over a five-year follow-up, we could see that FTR
developed in nearly a third of IMR patients, and more
surprisingly, it progressed in almost all newly developed
FTR patients. Elderly patients who had unsuccessful PCI
seemed to be at a higher risk than others. We identify
several echocardiographic predictors for FTR develop-
ment and rapid FTR deterioration and a cut-off threshold
for better monitoring and future management.

Our findings are consistent with prior reports of left
and right chamber interconnection. Deterioration of left

side chambers resulting from extensive remodeling may
shift volume and pressure initially toward unadjusted
right-sided chambers and result in larger LA size and
systolic pulmonary artery pressure. Over time, without
proper optimal heart failure medical therapy, this may
result in RV dysfunction and progressive development of
FTR.

Bivalvular regurgitation, particularly with the tricuspid
valve’s involvement, dramatically influences the progno-
sis of heart failure, limits therapeutic options, and sub-
stantially increases the overall mortality [38—41].

IMR should be appropriately monitored and followed
up regardless of symptoms. FTR should be assessed
annually to avoid significant deterioration and start
prompt treatment for heart failure before the first signs
of heart failure appear.

Limitation of the study

Our study is designed in a retrospective fashion. The data
analysis was retrospectively reviewed on computerized
patient medical records. Echocardiographic images were
assessed according to the ASE criteria.

Quantification of the severity of mitral and tricuspid
regurgitation was based on qualitative grading. These
assessment methods may be confounded by several tech-
nical and hemodynamic factors, including the jets’ eccen-
tricity and atrial size. However, we cannot accurately
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apply quantitative or semiquantitative methods because
of the nature of the study.

The influence of heart failure medical therapy and its
contribution to valvular dysfunction could not be evalu-
ated here due to a lack of clinical data. Larger samples are
needed to evaluate these factors.

Conclusion

In our cohort study, FTR was a common finding in IMR
patients. Third of patients with ischemic mitral regur-
gitation developed functional tricuspid regurgitation
(FTR). Elderly patients who had unsuccessful PCI are at
a higher risk. FTR progression was observed in almost
all patients over a 5-years follow-up period. Rapid
FTR progression was observed in patients with mod-
erate and severe MR, LVEF <24%, LA size >42.5 mm,
LVIDD >56.5 mm, and RV of moderate and severe

dysfunction. FTR was found to be positively linked to
poor outcomes and lower survival rates.

Abbreviations

IVC: Inferior vena cava; LV: Left ventricle; RV: Right ventricle; PAP: Pulmonary
arterial pressure; LVEDD: Left ventricular end diastolic diameter; LVESD: Left
ventricular end systolic diameter; LVEF: Left ventricular ejection fraction; RVEF:
Right ventricular ejection fraction; CWD: Continuous wave Doppler.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512872-021-01982-y.

[ Additional file 1. Supplementary file. }

Acknowledgements
We would like to thank the echocardiographic technicians Shirin Huri and
Limor Shalom for their significant contribution to the research.


https://doi.org/10.1186/s12872-021-01982-y
https://doi.org/10.1186/s12872-021-01982-y

Koren et al. BMC Cardiovasc Disord (2021) 21:199

Authors’ contributions

OK, HD, and ER contributed to the writing, editing, formatting of the main
manuscript, and production of the figures. ER, OK, and YT provided care to the
patients and revised the manuscript. DB contributed to statistical analysis and
the writing process of the reviewed manuscript. OK certified that all authors
have contributed and met the criteria for authorship.

Funding
The authors have not declared a specific grant for this research from any fund-
ing agency in the public, commercial, or not-for-profit sectors.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Emek Medical Center Ethics Committee approved the study following the
Helsinki Convention. The Emek Medical Center IRB waived informed consent
due to the confidentiality of the patient data and the study’s methodology
(approval No. 0105-17, EMC).

Consent for publication
N/A.

Competing interests
The authors declare that they have no competing interests.

Author details

"Heart Institute, Emek Medical Center, Afula, Israel. Internal Medicine D, Emek
Medical Center, Afula, Israel. Bruce Rappaport Faculty of Medicine, Technion
Israel Institute of Technology, Haifa, Israel. “Los-Angeles, CA, USA.

Received: 14 December 2020 Accepted: 1 April 2021
Published online: 21 April 2021

References

1. Ziegler K, Quillen TF. Mitral valve regurgitation after myocardial infarction.
Nursing. 2005;35(11):88.

2. Birnbaum'Y, Chamoun AJ, Conti VR, Uretsky BF. Mitral regurgitation fol-
lowing acute myocardial infarction. Coron Artery Dis. 2002;13(6):337-44.

3. BursiF, Enriquez-Sarano M, Jacobsen SJ, Roger VL. Mitral regurgitation
after myocardial infarction: a review. Am J Med. 2006;119(2):103-12.

4. Carpentier A. Cardiac valve surgery—the “French correction!”J Thorac
Cardiovasc Surg. 1983;86(3):323-37.

5. Bursi F, Enriquez-Sarano M, Nkomo VT, Jacobsen SJ, Weston SA, Meverden
RA, Roger VL. Heart failure and death after myocardial infarction in
the community: the emerging role of mitral regurgitation. Circulation.
2005;111(3):295-301.

6. Mangieri A, Montalto C, Pagnesi M, Jabbour RJ, Rodés-Cabau J, Moat N,
Colombo A, Latib A. Mechanism and implications of the tricuspid regur-
gitation: from the pathophysiology to the current and future therapeutic
options. Circ Cardiovasc Interv. 2017;10(7):e005043. https://doi.org/10.
1161/CIRCINTERVENTIONS.117.005043 (PMID: 28698289).

7. OtsujiY, Levine RA, Takeuchi M, Sakata R, Tei C. Mechanism of ischemic
mitral regurgitation. J Cardiol. 2008;51(3):145-56.

8. Ubago JL, Figueroa A, Ochoteco A, Colman T, Duran RM, Duran CG. Analy-
sis of the amount of tricuspid valve anular dilation required to produce
functional tricuspid regurgitation. Am J Cardiol. 1983;52:155-8.

9. Dreyfus GD, Martin RP, Chan KM, Dulguerov F, Alexandrescu C. Functional
tricuspid regurgitation: a need to revise our understanding. J Am Coll
Cardiol. 2015;65(21):2331-6. https://doi.org/10.1016/j,jacc.2015.04.011.

10. Grigioni F, Detaint D, Avierinos J-F, Scott C, Tajik J, Enriquez-Sarano M.
Contribution of ischemic mitral regurgitation to congestive heart failure
after myocardial infarction. J Am Coll Cardiol. 2005;45(2):260-7.

11. Benfari G, Antoine C, Miller WL, Thapa P, Topilsky Y, Rossi A, Michelena
HI, Pislaru S, Enriquez-Sarano M. Excess mortality associated with

20.

21.

22.

23.

24,

25.

26.

27.

Page 10 of 11

functional tricuspid regurgitation complicating heart failure with
reduced ejection fraction. Circulation. 2019;140(3):196-206. https://doi.
org/10.1161/CIRCULATIONAHA.118.038946.

Bar N, Schwartz LA, Biner S, Aviram G, Ingbir M, Nachmany |, Margolis
G, Sadeh B, Barashi R, Keren G, Topilsky Y. Clinical outcome of isolated
tricuspid regurgitation in patients with preserved left ventricular
ejection fraction and pulmonary hypertension. J Am Soc Echocardiogr.
2018;31(1):34-41. https://doi.org/10.1016/j.ech0.2017.09.010.

Boyaci A, Gokce V, Topaloglu S, Korkmaz S, Goksel S. Outcome of
significant functional tricuspid regurgitation late after mitral valve
replacement for predominant rheumatic mitral stenosis. Angiology.
2007;58(3):336-42. https://doi.org/10.1177/0003319707302495.
Aronson D, Goldsher N, Zukermann R, Kapeliovich M, Lessick J, Mutlak
D, et al. Ischemic mitral regurgitation and risk of heart failure after
myocardial infarction. Arch Intern Med. 2006;166(21):2362-8.
Soleimani M, Khazalpour M, Cheng G, Zhang Z, Acevedo-Bolton

G, Saloner DA, et al. Moderate mitral regurgitation accelerates left
ventricular remodeling after posterolateral myocardial infarction. Ann
Thorac Surg. 2011;92(5):1614-20.

Sagie A, Freitas N, Chen MH, Marshall JE, Weyman AE, Levine RA.
Echocardiographic assessment of mitral stenosis and its associated
valvular lesions in 205 patients and lack of association with mitral valve
prolapse. J Am Soc Echocardiogr. 1997;10:141-8.

Topilsky Y, Maltais S, Medina Inojosa J, et al. Burden of tricuspid
regurgitation in patients diagnosed in the community setting. JACC
Cardiovasc Imaging. 2019;12(3):433-42. https://doi.org/10.1016/j.jcmg.
2018.06.014.

Ong K, Yu G, Jue J. Prevalence and spectrum of conditions associated
with severe tricuspid regurgitation. Echocardiography. 2014;31(5):558-
62. https://doi.org/10.1111/echo.12420.

Lee C-H, Laurence DW, Ross CJ, Kramer KE, Babu AR, Johnson EL, et al.
Mechanics of the tricuspid valve-from clinical diagnosis/treatment,
in-vivo and in-vitro investigations, to patient-specific biomechanical
modeling. Bioengineering (Basel, Switzerland). 2019;6(2):47.

Bartko PE, Arfsten H, Heitzinger G, Pavo N, Winter MP, Toma A, Strunk
G, Hengstenberg C, Hilsmann M, Goliasch G. Natural history of
bivalvular functional regurgitation. Eur Heart J Cardiovasc Imaging.
2019,20(5):565-73. https://doi.org/10.1093/ehjci/jey178.

Mutlak D, Khalil J, Lessick J, Kehat |, Agmon Y, Aronson D. Risk factors for
the development of functional tricuspid regurgitation and their popula-
tion-attributable fractions. JACC Cardiovasc Imaging. 2020;13(8):1643-51.
https://doi.org/10.1016/j,jcmg.2020.01.015.

Zoghbi WA, Adams D, Bonow RO, Enriquez-Sarano M, Foster E, Grayburn
PA, Hahn RT, Han Y, Hung J, Lang RM, Little SH, Shah DJ, Shernan'S,
Thavendiranathan P, Thomas JD, Weissman NJ. 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 Echocardi-
ogr. 2017;30(4):303-71. https://doi.org/10.1016/j.ech0.2017.01.007.
Lancellotti P, Tribouilloy C, Hagendorff A, et al. Recommendations for the
echocardiographic assessment of native valvular regurgitation: an execu-
tive summary from the European Association of Cardiovascular Imaging.
Eur Heart J Cardiovasc Imaging. 2013;14(7):611-44. https://doi.org/10.
1093/ehjci/jet105.

Muraru D, Surkova E, Badano LP. Revisit of functional tricuspid regurgita-
tion; current trends in the diagnosis and management. Korean Circ J.
2016;46(4):443-55. https://doi.org/10.4070/kcj.2016.46.4.443.

Bartko PE, Hilsmann M, Hung J, Pavo N, Levine RA, Pibarot P, Vahanian

A, Stone GW, Goliasch G. Secondary valve regurgitation in patients with
heart failure with preserved ejection fraction, heart failure with mid-
range ejection fraction, and heart failure with reduced ejection fraction.
Eur Heart J. 2020;41(29):2799-810. https://doi.org/10.1093/eurheartj/
ehaal29.

Singh JP, Evans JC, Levy D, Larson MG, Freed LA, Fuller DL, Lehman B,
Benjamin EJ. Prevalence and clinical determinants of mitral, tricuspid,
and aortic regurgitation (the Framingham Heart Study). Am J Cardiol.
1999;83(6):897-902. https://doi.org/10.1016/50002-9149(98)01064-9.Errat
um.In:AmJCardiol1999Nov1;84(9):1143.

Topilsky Y, Maltais S, Medina Inojosa J, Oguz D, Michelena H, Maalouf J,
Mahoney DW, Enriquez-Sarano M. Burden of tricuspid regurgitation in


https://doi.org/10.1161/CIRCINTERVENTIONS.117.005043
https://doi.org/10.1161/CIRCINTERVENTIONS.117.005043
https://doi.org/10.1016/j.jacc.2015.04.011
https://doi.org/10.1161/CIRCULATIONAHA.118.038946
https://doi.org/10.1161/CIRCULATIONAHA.118.038946
https://doi.org/10.1016/j.echo.2017.09.010
https://doi.org/10.1177/0003319707302495
https://doi.org/10.1016/j.jcmg.2018.06.014
https://doi.org/10.1016/j.jcmg.2018.06.014
https://doi.org/10.1111/echo.12420
https://doi.org/10.1093/ehjci/jey178
https://doi.org/10.1016/j.jcmg.2020.01.015
https://doi.org/10.1016/j.echo.2017.01.007
https://doi.org/10.1093/ehjci/jet105
https://doi.org/10.1093/ehjci/jet105
https://doi.org/10.4070/kcj.2016.46.4.443
https://doi.org/10.1093/eurheartj/ehaa129
https://doi.org/10.1093/eurheartj/ehaa129
https://doi.org/10.1016/s0002-9149(98)01064-9.Erratum.In:AmJCardiol1999Nov1;84(9):1143
https://doi.org/10.1016/s0002-9149(98)01064-9.Erratum.In:AmJCardiol1999Nov1;84(9):1143

Koren et al. BMC Cardiovasc Disord

28.

29.

30.

31.

32.

33

34.

(2021) 21:199

patients diagnosed in the community setting. JACC Cardiovasc Imaging.
2019;12(3):433-42. https://doi.org/10.1016/jjcmg.2018.06.014.
Heitzinger G, Bartko PE, Goliasch G. Secondary tricuspid regurgitation:
neglected no more! Eur Heart J Cardiovasc Imaging. 2020. https://doi.
0rg/10.1093/ehjci/jeaa312.

Kim JB, Yoo DG, Kim GS, Song H, Jung SH, Choo SJ, Chung CH, Lee JW.
Mild-to-moderate functional tricuspid regurgitation in patients undergo-
ing valve replacement for rheumatic mitral disease: the influence of
tricuspid valve repair on clinical and echocardiographic outcomes. Heart.
2012;98(1):24-30. https://doi.org/10.1136/heartjnl-2011-300403.

Rashid MB, Parvin T, Ahmed CM, Islam MJ, Monwar MM, Karmoker KK,
Parveen R, Shakil SS, Hasan MN. Pattern and extent of tricuspid valve
involvement in chronic rheumatic heart disease. Mymensingh Med J.
2018;27(1):120-5.

McCartney SL, Taylor BS, Nicoara A. Functional tricuspid regurgitation in
mitral valve disease. Semin Cardiothorac Vasc Anesth. 2019;23(1):108-22.
https://doi.org/10.1177/1089253218807922.

Hahn RT. State-of-the-art review of echocardiographic imaging in the
evaluation and treatment of functional tricuspid regurgitation. Circ
Cardiovasc Imaging. 2016;9(12):e005332. https://doi.org/10.1161/CIRCI
MAGING.116.005332.

Nagshband MS, Abid AR, Akhtar RP, Waheed A, Khan JS. Functional tricus-
pid regurgitation in rheumatic heart disease: surgical options. Ann Thorac
Cardiovasc Surg. 2010;16(6):417-25.

Murphy SP, Ibrahim NE, Januzzi JL Jr. Heart failure with reduced ejection
fraction: a review. JAMA. 2020,324(5):488-504. https://doi.org/10.1001/
jama.2020.10262 Erratum.In:JAMA.2020Nov24;324(20):2107.

35.

36.

37.

38.

39.

40.

41.

Page 11 of 11

Bloom MW, Greenberg B, Jaarsma T, Januzzi JL, Lam CSP, Maggioni AP,
Trochu JN, Butler J. Heart failure with reduced ejection fraction. Nat Rev
Dis Primers. 2017;24(3):17058. https://doi.org/10.1038/nrdp.2017.58.
Varma PK, Krishna N, Jose RL, Madkaiker AN. Ischemic mitral regurgita-
tion. Ann Card Anaesth. 2017;20(4):432-9. https://doi.org/10.4103/aca.
ACA_58_17.

O'Gara PT, Mack MJ. Secondary mitral regurgitation. N Engl J Med.
2020;383(15):1458-67. https://doi.org/10.1056/NEJMcp1903331.

Hung JW. Ischemic (functional) mitral regurgitation. Cardiol Clin.
2013;31(2):231-6. https://doi.org/10.1016/j.ccl.2013.04.003.

Nath J, Foster E, Heidenreich PA. Impact of tricuspid regurgitation on
long-term survival. J Am Coll Cardiol. 2004;43(3):405-9. https://doi.org/10.
1016/jjacc.2003.09.036.

Neuhold S, Huelsmann M, Pernicka E, Graf A, Bonderman D, Adlbrecht C,
Binder T, Maurer G, Pacher R, Mascherbauer J. Impact of tricuspid regurgi-
tation on survival in patients with chronic heart failure: unexpected find-
ings of a long-term observational study. Eur Heart J. 2013;34(11):844-52.
https://doi.org/10.1093/eurheartj/ehs465.

Topilsky Y, Inojosa JM, Benfari G, Vaturi O, Maltais S, Michelena H,

Mankad S, Enriquez-Sarano M. Clinical presentation and outcome of
tricuspid regurgitation in patients with systolic dysfunction. Eur Heart J.
2018;39(39):3584-92. https://doi.org/10.1093/eurheartj/ehy434.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.jcmg.2018.06.014
https://doi.org/10.1093/ehjci/jeaa312
https://doi.org/10.1093/ehjci/jeaa312
https://doi.org/10.1136/heartjnl-2011-300403
https://doi.org/10.1177/1089253218807922
https://doi.org/10.1161/CIRCIMAGING.116.005332
https://doi.org/10.1161/CIRCIMAGING.116.005332
https://doi.org/10.1001/jama.2020.10262.Erratum.In:JAMA.2020Nov24;324(20):2107
https://doi.org/10.1001/jama.2020.10262.Erratum.In:JAMA.2020Nov24;324(20):2107
https://doi.org/10.1038/nrdp.2017.58
https://doi.org/10.4103/aca.ACA_58_17
https://doi.org/10.4103/aca.ACA_58_17
https://doi.org/10.1056/NEJMcp1903331
https://doi.org/10.1016/j.ccl.2013.04.003
https://doi.org/10.1016/j.jacc.2003.09.036
https://doi.org/10.1016/j.jacc.2003.09.036
https://doi.org/10.1093/eurheartj/ehs465
https://doi.org/10.1093/eurheartj/ehy434

	Tricuspid regurgitation in ischemic mitral regurgitation patients: prevalence, predictors for outcome and long-term follow-up
	Abstract 
	Background: 
	Method: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Planning of the study
	Echocardiographic analysis
	Sample size
	Ethics
	Statistical analysis
	Results of the study
	FTR development
	Predictors of FTR progression


	Discussion
	Limitation of the study
	Conclusion
	Acknowledgements
	References


