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Abstract

Background In a previous report, acute mitral regurgita-

tion (MR) was found to indicate the more severe end of the

spectrum of Takotsubo cardiomyopathy (TC). The aim of

this study was to determine the incidence and clinical

significance of acute MR in TC.

Methods Early (\24 h of presentation) left ventricular

(LV) angiograms of 47 patients with TC were reviewed by

two blinded reviewers. MR severity was graded on a four

graded scale. MR C grade 2 was considered significant.

Results Significant MR was present in nine (19%)

patients. MR was severe (grade 3 or 4) in four and mod-

erate (grade 2) in five. LV outflow tract gradients were not

observed in any of these patients. Patients with and without

significant MR did not differ with regard to various clinical

parameters, including age, gender, type of TC, cardiovas-

cular risk factors, presenting ECG, level of troponin I,

triggering factors, ejection fraction (EF), vasopressor

therapy, pulmonary edema, and survival to discharge.

When patients were grouped according to the presence or

absence of pulmonary edema, the only significant differ-

ence between the two groups was EF which was signifi-

cantly lower in patients with pulmonary edema (40 ± 12%

vs. 50 ± 12%, P = 0.011).

Conclusions Acute MR is a noteworthy finding in TC,

but it is not associated with the severity of TC. Dysfunction

of mid-ventricular myocardium seems to be a conditio sine

qua non, whereas LVOT obstruction does not seem to play

an important role.

Keywords Takotsubo cardiomyopathy �
Apical ballooning syndrome � Mitral regurgitation

Introduction

Functional mitral regurgitation (MR) is a known compli-

cation of Takotsubo cardiomyopathy (TC) [1, 2]. Until

recently, however, no data on the incidence and clinical

significance of acute MR in TC were available. In a recent

publication, Parodi et al. [3] demonstrated that significant

MR (defined as moderate-to-severe or severe MR by

echocardiography) was present in 14 of 68 patients (21%).

They also found that patients with significant MR presented

more often in Killip class III or IV, showed more severe

impairment of left ventricular (LV) function, required more

frequent treatment with an intra-aortic balloon pump, and

had more often systolic anterior movement (SAM) of the

mitral valve. In that study, significant MR was the only

predictor of Killip class III or IV at presentation.

In the present study, we assessed the prevalence and

clinical significance of MR in a cohort of consecutive

patients over a 42-month period.

Methods

Study population

Between November 2004 and December 2007, 60 patients

(53 women; mean age 68 ± 12 years) with a clinical diag-

nosis of TC were prospectively entered into a database at our

institution. Of these, 47 patients had left ventriculography

performed within 24 h of presentation and constituted the

study population. Diagnosis of TC was based on the
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following criteria: (1) acute onset of LV wall-motion abnor-

malities not confined to the vascular territory of a single major

coronary artery; (2) improvement of wall-motion abnormal-

ities within a few days of initial diagnosis; and (3) exclusion

of ischemic myocardial stunning by coronary angiography.

Classical TC was defined as TC with the involvement of the

LV apex, whereas variant TC denoted a subgroup of patients

in whom the LV apex was spared [2, 4, 5].

Clinical assessment

Clinical examination, laboratory tests, 12-lead ECGs, chest

X-rays, and serial echocardiograms were performed

according to the standard protocol for the management of

acute coronary syndromes at our institution and as clini-

cally indicated. Chest X-rays were evaluated by different

experienced staff radiologists unaware of the fact that their

reports will be used for this study.

Review of these data complied with the Declaration of

Helsinki and was approved by our institutional review

committee.

Left ventriculography and MR grading

Coronary angiography and left ventriculography were

performed by standard techniques. Left ventriculography

was performed in a 30� right anterior oblique projection in

10 patients and 30� right and 60� left anterior oblique

projections in 37 patients, with injection of 36 ml of con-

trast through a pigtail catheter in the central LV cavity. The

severity of MR was graded according to standard criteria

[6] by two experienced interventionalists (DH and TS) who

had no knowledge of the patients’ clinical data. Any dis-

agreements were resolved through consensus. Significant

MR was defined as MR C grade 2.

Statistical analysis

Continuous variables are expressed as mean ± SD. Con-

tinuous variables were compared using the unpaired stu-

dent t test or Mann–Whitney U test. Categorial variables

were compared with the Chi-square test or Fisher exact

test. All tests were two-sided. A P value \0.05 was con-

sidered statistically significant. All calculations were car-

ried out with the SPSS version 15.0 software package

(SPSS Inc., Chicago, IL, USA).

Results

There were 29 patients with classical TC (62%) and 18

patients with variant TC (38%). Mean EF was significantly

lower in classical TC compared to variant TC (44 ± 12%

vs. 52 ± 11%, P = 0.006). Significant MR, by ventricu-

lography, was present in nine patients (19%; 95% confi-

dence interval [CI] 10–34%). Four patients had severe

(grade 3 or 4) and five patients had moderate (grade 2) MR.

The clinical features of patients are shown in Table 1. Five

of 18 patients (28%; 95% CI 11–54%) with variant TC and

4 of 29 patients (14%; 95% CI 5–33%) with classical TC

had significant MR (P = NS) (Fig. 1). Patients with vari-

ant TC and significant MR (n = 5) had higher ejection

fractions compared to patients with classical TC and sig-

nificant MR (n = 4), although this difference did not reach

the level of significance (54 ± 12% vs. 37 ± 8%;

P = 0.065).

There were no significant differences with regard to

various clinical variables between patients with (MR?)

and those without (MR-) significant MR (Table 1).

Vasopressor support was more frequent in MR?

patients, but this difference was not statistically signifi-

cant (P = 0.08). Importantly, EF did not differ

significantly between the two groups (45 ± 12% in

MR ? vs. 48 ± 12% in MR-, respectively; P = 0.51).

Overall, 17 patients (16 with classical TC) had an

EF B 40%. Of these patients, only four [(24%), three

with classical TC] had significant MR. The prevalence of

significant MR among these patients did not differ

significantly from patients with ejection fractions [40%

(P = 0.7).

All patients underwent transthoracic echocardiography

within 48 h of admission. Grading of MR by echocardi-

ography showed good agreement with left ventriculogra-

phy (Table 2). However, in two patients (patients 1 and 5)

agreement was poor. In both patients, echocardiography

had been performed rather late after hospitalization,

although still within 48 h of admission as required by

protocol. MR was found to be functional in all cases.

Follow up echocardiography in MR? patients was per-

formed 47 ± 56 days (range 2–156 days) after presenta-

tion and demonstrated resolution of significant MR in all

patients.

A significant intraventricular gradient and mitral SAM

were present in a single patient in the MR- group but

were absent in MR? patients. None of the patients in

the entire study group received dobutamine while in

hospital.

Chest X-rays on the day of presentation were performed

in all patients. When patients were grouped according to

the presence or absence of pulmonary edema, no significant

differences with regard to various clinical parameters were

observed (Table 3), except for EF which was significantly

lower in patients with pulmonary edema (40 ± 12% vs.

50 ± 12%, P = 0.011).
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Discussion

The present study supports previous observations by Pa-

rodi et al. [3] who found that significant MR is a common

phenomenon in TC, occurring in about one-fifth of

patients. In contrast to their report, however, we did not

find convincing evidence that significant MR indicates the

more severe end of the spectrum of TC. Overall, EF was

similar between patients with and those without signifi-

cant MR. A lack of relationship between significant MR

and poor systolic LV function is also supported by the

observation that of 17 patients with significantly depres-

sed LV function (EF B 40%) only four had significant

MR. Most patients with significant MR had ejection

fractions [40%.

In the present study, the presence of significant MR had

no clinically relevant implications. Prevalence of pulmon-

ary edema, vasopressor therapy and survival to discharge

were not significantly different between MR? and MR-

patients.

Table 1 Baseline

characteristics

MR? significant mitral

regurgitation, MR- no

significant mitral regurgitation

Overall patients MR? MR- P value

n 47 9 38 –

Age (years) 67 ± 12 65 ± 9

Range: 54–79

68 ± 12

Range: 42–86

0.58

Female, n (%) 41 (87%)

(95% CI 74–94%)

9 (100%)

(95% CI 63–100%)

32 (84%)

(95% CI 68–93%)

0.58

Hypertension, n (%) 31 (66%)

(95% CI 51–79%)

4 (44%)

(95% CI 15–77%)

27 (71%)

(95% CI 54–84%)

0.24

Dyslipidemia, n (%) 8 (17%)

(95% CI 8–31%)

2 (22%)

(95% CI 6–60%)

6 (16%)

(95% CI 7–32%)

0.64

Diabetes, n (%) 13 (28%)

(95% CI 16–43%)

3 (33%)

(95% CI 9–69%)

10 (26%)

(95% CI 14–43%)

0.64

Current smoker 13 (28%)

(95% CI 16–43%)

2 (22%)

(95% CI 6–60%)

11 (30%)

(95% CI 16–46%)

0.10

Peak troponin I (lg/l)

[normal range: 0–0.4]

4.4 ± 6.6 4.1 ± 6.7

Range: 0.32–21.2

5.6 ± 7.3

Range: 0.03–29.2

0.58

Triggering factor; n (%) 32 (68%)

(95% CI 53–80%)

8 (89%)

(95% CI 51–99%)

24 (63%)

(95% CI 46–78%)

0.24

ECG on admission, n (%)

ST elevation 25 (53%)

(95% CI 38–68%)

3 (33%)

(95% CI 9–69%)

22 (58%)

(95% CI 41–73%)

1

T wave inversion 13 (28%)

(95% CI 16–43%)

4 (44%)

(95% CI 15–77%)

9 (24%)

(95% CI 12–41%)

0.44

Other 9 (19%)

(95% CI 10–34%)

2 (22%)

(95% CI 4–60%)

7 (18%)

(95% CI 8–35%)

0.67

Type, n (%)

Classical 29 (62%)

(95% CI 46–75%)

4 (44%)

(95% CI 15–77%)

25 (66%)

(95% CI 49–80%)

0.27

Variant 18 (38%)

(95% CI 25–54%)

5 (56%)

(95% CI 23–85%)

13 (34%)

(95% CI 20–51%)

Ejection fraction (%) 47 ± 12 45 ± 12

Range: 30–66

48 ± 12

Range: 31–71

0.51

MR grade 0.7 ± 1 2.6 ± 0.7 0.3 ± 0.5 \0.001

Vasopressor 6 (13%)

(95% CI 5–26%)

3 (33%)

(95% CI 9–69%)

3 (8%)

(95% CI 2–22%)

0.08

Pulmonary edema on X-ray 9 (19%)

(95% CI 10–34%)

2 (22%)

(95% CI 4–60%)

7 (18%)

(95% CI 8–35%)

1

Survival to discharge 45 (96%)

(95% CI 84–99%)

8 (89%)

(95% CI 51–99%)

37 (97%)

(95% CI 85–100%)

0.35
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There might be several reasons behind these observed

differences between our study and the previous report by

Parodi et al., including differences in patient profiles (clas-

sical TC in the study by Parodi et al. vs. classical and variant

TC in the present study) and differences in diagnostic

methods for the assessment of relevant parameters such as

LV function (echocardiography vs. ventriculography), MR

severity (echocardiography vs. ventriculography), and pul-

monary congestion (auscultation vs. chest X-ray).

The mechanism of acute MR was not specifically

addressed in this study. However, the observation that

patients with significant MR invariably had involvement of

the midventricular segments underlines the pathogenic role

of midventricular myocardium in the development of MR.

It seems reasonable to assume that dysfunctional and/or

displaced papillary muscles are of particular importance.

Furthermore, resolution of significant MR could be dem-

onstrated by echocardiography in all patients, indicating

the functional nature of MR in TC. It must be noted,

however, that in an occasional patient severe MR can also

be due to structural abnormalities such as rupture of pap-

illary muscles [7].

Left ventricular outflow tract (LVOT) obstruction does

not seem to play a major role in the pathogenesis of MR

and was not present in any of our patients with significant

MR on catheter pullback. However, this is in contrast to

findings by Parodi et al. [3] who reported SAM of the

mitral valve and concomitant LVOT obstruction in 5 of

Fig. 1 Severe mitral

regurgitation in a case of

classical TC (Panels A and B)

and in a case of variant TC

(Panels C and D)

Table 2 Relationship between MR severity by ventriculography and by echocardiography

Patient number Type MR severity by

ventriculography

MR severity by

echocardiography

Day of

echocardiography

Jet direction by

echocardiography

1 Variant 4 Moderate 3 Central

2 Classical 2 Mild to moderate 2 Central

3 Variant 2 Mild 2 Central

4 Variant 2 Mild to moderate 1 Central

5 Classical 3 Mild 3 Central

6 Variant 2 Moderate 2 Central

7 Classical 2 Moderate to severe 1 Eccentric

8 Variant 3 Moderate to severe 1 Eccentric

9 Classical 3 Moderate to severe 2 Central

MR mitral regurgitation
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their 14 MR? patients (38%). The overall incidence of

LVOT obstruction in our study was lower than in several

previous studies from different countries where incidences

as high as 25% were reported [8]. However, the incidence

of LVOT obstruction among German patients seems to be

rather low ranging from 5% in one report [9] to 7% in a

large registry of 119 patients [10]. Whether these differ-

ences are due to population-based differences in LV size

(smaller ventricles will more easily develop LVOT

obstruction) or to selection bias or whether they simply

constitute a chance effect remains unknown.

Pulmonary edema on chest X-ray was present in 19% of

our study patients. Importantly, when patients were

grouped according to the presence or absence of pulmonary

edema, only EF differed significantly between the two

groups, underlining the importance of LV dysfunction

rather than MR in the pathogenesis of pulmonary conges-

tion in TC.

Limitations

Limitations of this study include its small sample size, the

limited sensitivity and specificity of chest X-ray for the

detection of pulmonary edema [11], and inherent limita-

tions of left ventriculography for the assessment of EF

(including but not limited to high interobserver variability

[12]) as well as for the assessment of MR (including but

not limited to its dependency on the amount of injected

contrast medium, left-atrial and LV size, and position of

the pigtail catheter within the LV cavity). Besides,

assessment of EF and MR by left ventriculography can

significantly be influenced by premature ventricular beats

which cannot always be avoided during catheterization.

Conclusions

In conclusion, acute significant MR is a noteworthy

finding in TC. Dysfunction of mid-ventricular myocar-

dium seems to be a conditio sine qua non, whereas LVOT

obstruction does not seem to play an important role.

However, in contrast to the previous findings, significant

MR does not indicate the more severe end of the spec-

trum of TC and is not associated with the severity of

disease in TC.

Conflict of interest statement None.

Table 3 Baseline

characteristics of patients with

and without pulmonary edema

PE? pulmonary edema on chest

X-ray; PE- no pulmonary

edema on chest X-ray

PE? PE- P value

n 9 38 –

Age (years) 72 ± 6 66 ± 12 0.22

Female, n (%) 6 (67%)

(95% CI 31–95%)

35 (92%)

(95% CI 78–98%

0.08

Peak troponin I (lg/l) [normal range: 0–0.4] 6 ± 8.9 4.8 ± 6.5 0.97

ECG on admission; n (%):

ST elevation 4 (44%)

(95% CI 15–77%)

19 (50%)

(95% CI 22–47%)

1

T wave inversion 4 (44%)

(95% CI 15–77%)

11 (29%)

(95% CI 16–46%)

0.44

Other 1 (12%)

(95% CI 1–49%)

8 (21%)

(95% CI 10–38%)

0.67

Type; n (%) 0.72

Classical 6 (67%)

(95% CI 31–91%)

22 (58%)

(95% CI 41–73%)

Variant 3 (33%)

(95% CI 9–69%)

16 (42%)

(95% CI 27–59%)

Ejection fraction (%) 40 ± 12 50 ± 12 0.011

MR grade 0.7 ± 0.9 0.8 ± 1.1 0.65

Significant MR 2 (22%)

(95% CI 4–60%)

7 (18%)

(95% CI 8–35%)

1

Vasopressor 3 (33%)

(95% CI 9–69%)

3 (8%)

(95% CI 2–23%)

0.08
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