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Abstract

The diagnostic role of echocardiographic and hemodynamic assessment in acute mitral 

regurgitation (AMR) remains unclear. The central question of this study was to determine if 

echocardiographic and hemodynamic parameters can predict early clinical events in AMR. AMR 

was induced by percutaneously severing the mitral valve chordae tendineae in 39 Yorkshire pigs. 

Immediately after AMR induction, echocardiographic and hemodynamic exams were performed, 

and compared between those who died and those who survived within 30-days of the procedure. 

Echocardiographic indices of MR severity as well as the left atrial pressure showed significant 

differences between survivors and non-survivors in univariate analysis. Multivariate logistic 

regression analysis revealed that echocardiography-derived regurgitant fraction and vena contracta 

as well as mean left atrial pressure could be used to segment the cohort into survivors and non-

survivors. Our study demonstrated, for the first time, that echocardiographic and hemodynamic 

assessment of AMR provides predictive information on early clinical events in a clinically relevant 

animal model of AMR.
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Introduction

Severe acute mitral regurgitation (AMR) is found infrequently, but is a challenging disease 

requiring emergent care and proper management [1, 2]. Rupture of mitral valve chordae 

tendineae is the predominant cause of AMR from infectious endocarditis, myxomatous 

degeneration, and mitral valve prolapse as common etiologies [1, 3]. Methods of segmenting 

the AMR patient population into those that require emergent repair and conservative medical 

management with an elective repair remains an unmet need. In fact, there are no established 
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clinical or diagnostic criteria for AMR surgical indication and clinical management of this 

patient population relies solely on the clinician’s discretion unless it is hemodynamically 

unstable [4]. In this study, using a clinically relevant animal model of AMR, we examined 

the value of echocardiographic and hemodynamic assessment for predicting early clinical 

events in order to identify candidates likely to benefit from emergent AMR repair.

Methods

The animal protocols complied with the National Institutes of Health Guide for the Care and 

Use of Laboratory Animals and standards of the US regulatory agencies. They were 

approved by the Institutional Animal Care and Use Committee.

AMR was induced in Yorkshire pigs (weighing 19.2 ± 2.6 kg; 3 males, 36 females) by 

percutaneous severing of mitral valve chordae tendineae as described previously [5]. Briefly, 

a cardiac biopsy catheter (BIOPAL 7, Cordis Corp., Miami, FL) was advanced to the left 

ventricle (LV) and the chordae tendineae of the posterior mitral valve apparatus was grasped 

under echocardiographic and fluoroscopic guidance (Fig. 1). The chordae tendineae was 

severed by retracting the bioptome into the guide sheath. Sequential chordae severing with 

mitral regurgitation (MR) assessments were continued until angiographic contrast reflux 

entered the pulmonary veins, and/or the echocardiographic mitral regurgitant jet reached the 

left atrium (LA) roof, and/or the hemodynamic LV end-diastolic pressure increased to 150% 

of baseline. More complete echocardiographic and hemodynamic exams of the LA and the 

LV were conducted before and after the AMR induction and the animals were recovered 

after hemodynamic stability was confirmed. The degree of MR was calculated from these 

exams according to the recommendation from Journal of American Society of 

Echocardiography [6]. During follow-up, all animals presenting any symptoms were 

carefully evaluated and those with refractory heart failure symptoms after furosemide 

treatment were euthanized humanely under a deep anesthesia. Data are expressed as the 

mean ± standard deviation for continuous variables, and p < 0.05 was considered statistically 

significant. Statistical comparisons between the groups were performed by the Student t test, 

while the paired t test was used for within animal comparisons. Areas under the receiver 

operating characteristic (ROC) curves to segment the pigs that died or survived the 30-days 

follow-up period were calculated. Multiple logistic regression analysis was conducted with 

the variables that were significantly different between the survivors and non-survivors. The 

most representative parameters were chosen for the parameters that had a correlation co-

efficient of greater than 0.8.

Results

Among the 39 pigs, 2 pigs died during the procedure due to massive MR with cardiogenic 

shock and were excluded from the analysis. AMR pigs that survived more than 30-days were 

otherwise unremarkable unless they developed infectious endocarditis (n = 4). These pigs 

did not have any evidence of infectious endocarditis at the day-30 time point, however 

developed a fever afterwards suggesting the infection from the catheter procedures at 

day-30. Based on good survival after day-30, we classified the pigs that did not survive for 

30-days would likely have benefited from emergency or sub-emergency surgery. Among 
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these 37 pigs, 13 pigs died before reaching day-30 (Fig. 2). At day-30, surviving pigs had 

increased LV end-diastolic as well as end-systolic volume indices, however ejection fraction 

was maintained (Fig. 2).

Table 1 shows the comparison of available variables between the groups, along with the area 

under the curve derived from drawing the receiver operating characteristic curves using 

death as the endpoint. Echocardiographic indices of MR severity including effective 

regurgitant orifice area, regurgitant fraction, vena contracta, and ratio of MR/LA area 

showed significant differences between the groups. LA mean and v wave pressure were also 

higher in the non-surviving group, whereas the LV end-systolic and end-diastolic pressures 

failed to reach statistical difference. We next conducted a multivariate logistic analysis using 

these variables and found that regurgitant fraction [odds ratio (OR) 1.18, 95% confidence 

interval (CI) 1.02–1.35, p = 0.02], vena contracta (OR 3.2, 95% CI 1.14–9.00, p = 0.03), and 

mean LA pressure (OR 1.48, 95% CI 1.04–2.12, p = 0.03) were all significant predictors of 

death within 30-days. The linear regression model assigned 84% of pigs to the correct 

group. Removal of 2 surviving mild MR pigs from the analysis did not change the overall 

results (Supplemental Table 1).

Discussion

In this study, we show for the first time that echocardiographic and hemodynamic 

parameters of AMR can have prognostic value on early clinical events. To have saved these 

animals, emergent or sub-emergent valve repair either by surgery or percutaneous 

intervention would have been necessary, whereas those that survived up to 30-days likely 

required an elective valve repair.

To our knowledge, no data exist on the impact of regurgitation degree on clinical outcomes 

in AMR. Lorusso et al [7] demonstrated that after emergency surgical repair in patients with 

AMR, the 30-day mortality rate was as high as 22.5%. Meanwhile, Gabbay et al. [1] 

reported, in their systematic literature review, that mitral chordae tendineae rupture is a 

relatively frequent reason for elective mitral valve surgery suggesting that many patients do 

not require emergent surgery. The gap between these studies was a lack of information on 

how to identify those who should receive emergent surgical repair vs those that should be 

considered for delayed elective procedures. Moreover, both of these studies did not provide 

indicators of MR severity, thus their prognostic value of evaluating MR severity prior to 

surgery was unclear. Our study thus, fills this gap and supports the use of echocardiographic 

and hemodynamic MR assessment in segmenting this patient population for emergent and 

elective MR repair. In general, use of semiquantitative parameters of MR evaluation did not 

result in significant differences between the groups in our study, whereas several quantitative 

parameters of echocardiographic MR evaluation, including effective regurgitant orifice area, 

regurgitant fraction, and MR volume, were found to be different between the groups. This 

suggests that pigs with severe MR can be better identified with quantitative assessments and 

the addition of the mean LA pressure on top of echocardiography-derived regurgitant 

fraction and vena contracta improves the predictive value. It needs to be realized, however, 

that the predictive value is still suboptimal even with a multivariate model, indicating the 

difficulty in accurately predicting outcomes in AMR.
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Our study has some limitations. First, we used direct LA pressure measurement via trans-

septal puncture, but this variable is not readily available in patients. Nevertheless, this can be 

replaced by pulmonary capillary wedge pressure by right heart catheterization since good 

correlation between these variables has been shown in various settings [8]. Second, although 

all the animals underwent the same anesthesia protocol, we cannot exclude its impact on the 

degree of MR as well as hemodynamic parameter assessments [9]. Third, different etiologies 

of AMR may significantly impact patient segmentation, especially for active endocarditis 

cases with large or unstable vegetation. Our animal model creation method precluded 

inclusion of etiology as a variable. However, mitral valve prolapse and myxomatous 

degeneration seems to be increasing in clinical populations [1], thus our data could be 

applied to this population. Finally, since our study was conducted in a pig model, future 

clinical studies are warranted to determine the reproducibility of our results in a clinical 

AMR population with an inclusion of clinical characteristics as variables.

In conclusion, we report that quantitative assessment of mitral regurgitation using 

echocardiographic and hemodynamic evaluations provide predictive information, albeit 

modestly, on early clinical events in a pig AMR model. Our results prompt more systematic 

evaluation of AMR patients in clinic to improve outcomes of this infrequent but important 

disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
AMR induction. a Short axis echocardiographic view of the LV base below the mitral valve 

from left intercostal space. Yellow arrow head shows the tip of the biopsy catheter. The 

chordae tendineae connected to P2/P3 were aimed. Generally, severing of 1–3 cordae was 

sufficient to induce severe MR. b Representative echocardiographic image after AMR 

induction (substernal view)
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Fig. 2. 
Survival curves and LV changes. a Survival curves of animals after AMR according to visual 

MR assessment. b Changes in LV function and volumes. While both end-diastolic and end-

systolic volume adjusted to the body surface area increased significantly, LV ejection 

fraction was maintained at 1 month
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Table 1

Echocardiographic and hemodynamic differences between the groups

Early death (n = 13) Survived (n = 24) p value AUC

LVEF (%) 77.6 ± 6.6 77.4 ± 7.4 0.93 0.50

EROA (cm2) 0.20 ± 0.06 0.14 ± 0.07 0.01 0.74

RF (%) 60.2 ± 9.3 48.2 ± 12.8 0.005 0.76

MR volume (ml) 22.5 ± 7.1 17.0 ± 6.9 0.03 0.73

MR degree 0.04 0.72

 Mild 0 2

 Moderate 2 12

 Severe 11 10

MR jet 0.08 0.61

 Central 11 13

 Eccentric 2 11

Vena contracta (mm) 5.9 ± 1.4 4.9 ± 1.3 0.05 0.68

MR area (cm2) 4.0 ± 1.1 3.5 ± 1.3 0.31 0.64

LA area (cm2) 7.1 ± 1.3 7.9 ± 1.8 0.19 0.62

MR/LA ratio (%) 57 ± 16 44 ± 10 0.004 0.77

mean LAP (mmHg) 19.5 ± 7.7 12.5 ± 4.4 0.007 0.77

LA a wave (mmHg) 27.8 ± 8.1 23.9 ± 8.0 0.16 0.64

LA v wave (mmHg) 32.2 ± 11.9 22.8 ± 8.1 0.02 0.72

LV ESP (mmHg) 87 ± 19 92 ± 12 0.32 0.56

LV EDP(mmHg) 19.7 ± 7.6 15.9 ± 6.6 0.13 0.66

LV DP (mmHg) 66.9 ± 22.3 75.9 ± 13.0 0.13 0.62

HR (bpm) 112 ± 24 97 ± 21 0.06 0.66

AUC area under the receiver operating characteristic curve, DP developed pressure, EDP end-diastolic pressure, EF ejection fraction, ESP end-
systolic pressure, EROA effective regurgitant orifice area, HR heart rate, LA left atrium, LV left ventricle, MR mitral regurgitation, RF regurgitant 
fraction

Int J Cardiovasc Imaging. Author manuscript; available in PMC 2018 April 05.


	Abstract
	Introduction
	Methods
	Results
	Discussion
	References
	Fig. 1
	Fig. 2
	Table 1

