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Abstract

Aims In patients with heart failure, over-activation of the cardiac sympathetic nerve (CSN) function is associated with
severity of heart failure and worse outcome. The effects of MitraClip therapy on the CSN activity in patients with mitral
regurgitation (MR) remained unknown. In this study, we evaluated the impact of the MitraClip therapy on CSN activity
assessed by 123I-metaiodobezylguanidine (MIBG) scintigraphy.
Methods and results We enrolled consecutive patients with moderate-to-severe (3+) or severe (4+) MR who were
scheduled to undergo MitraClip procedure in this prospective observational study. MIBG scintigraphy was performed at
baseline and 6 months after the MitraClip procedure to evaluate the heart–mediastinum ratio and washout rate (WR).
Changes in these MIBG parameters were analysed. Of the 13 consecutive patients, 10 were successfully treated with
MitraClip procedure and completed follow-up assessment. With regard to the MIBG parameters, changes in the early
and delayed heart–mediastinum ratio from baseline to 6 months were not significant (2.16 ± 0.42 to 2.06 ± 0.34,
P = 0.38 and 1.87 ± 0.39 to 1.83 ± 0.39, P = 0.43, respectively), whereas WR was significantly decreased (38.6 ± 3.9%
to 32.6 ± 3.94%, P = 0.002).
Conclusions The CSN activity of the WR on MIBG imaging was improved 6 months after MitraClip therapy in patients with 3+
or 4+ MR.
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Introduction

A dysfunction of cardiac sympathetic nerve (CSN)
activity is associated with risk of serious cardiac events or
death in patients with heart failure (HF).1,2 Cardiac
123I-metaiodobezylguanidine (MIBG) scintigraphy can
non-invasively assess the CSN activity.3 Among parameters
of myocardial MIBG imaging, a meta-analysis showed that a
low delayed heart–mediastinum ratio (H/M) and a high wash-
out rate (WR) were associated with a higher incidence of
cardiac event and poor prognosis.4–6

In patients with chronic HF, specific medical therapy and
cardiac devices have contributed to the improvement in
CSN activity, cardiac function, and clinical outcome.7–11

Recently, percutaneous mitral valve repair using MitraClip
system (Abbot Vascular, Santa Clara, California) for moderate
to severe (3+) or severe (4+) mitral regurgitation (MR) is
relatively safe and effective in patients with HF.12,13 Many
studies have investigated the clinical outcome, laboratory
data, haemodynamic changes, or cardiac function assessed
by transthoracic echocardiography (TTE) in patients who
underwent the MitraClip procedure.14–19 However, no study
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has examined the effects of MitraClip procedure on the CSN
activity in patients with symptomatic MR.

The present study aimed to examine the impact of
MitraClip therapy on CSN activity assessed by MIBG imaging
in patients with 3+ or 4+ MR.

Methods

Patient population

The present study was a single-centre prospective observa-
tional study at Kishiwada Tokushukai Hospital. This observa-
tional study was approved by the institutional review board.
All patients provided a written informed consent to undergo
the interventions and the tests. A total of 13 consecutive
patients with symptomatic degenerative or functional more
than 3+ MR despite the use of guideline-directed medical
therapy who underwent the MitraClip procedure were
enrolled from December 2018 to May 2019.

The MIBG scintigraphy was performed at baseline within a
week before and at 6 months after the MitraClip procedure.
All patients underwent clinical examination, routine labora-
tory testing including plasma brain natriuretic peptide
(BNP), and TTE at the same time. In addition, changes in the
medications for HF, which is known to influence the CSN ac-
tivity on MIBG imaging, were investigated. Patients (i) with
active cancer or Parkinson’s disease; (ii) taking medications
known to interact with MIBG as previously described20;
(iii) for whom MIBG scintigraphy could not be performed;
(iv) with unstable conditions, such as cardiac shock or acute
decompensated HF; and (v) who were not successfully
treated with MitraClip were excluded from the analysis.

MitraClip procedure

The MitraClip procedure was performed as previously
described.21 All procedures were performed via the right
femoral vein approach under general anaesthesia using trans-
esophageal echocardiography and fluoroscopic guidance
under general anaesthesia. After trans-septal puncture, the
24-F MitraClip delivery steerable system was advanced into
the left atrium. Both leaflets were grasped, and the clip was
closed. Meanwhile, reduction in regurgitation severity was
assessed using colour Doppler echocardiography. If the
reduction in MR was inadequate with 1 clip, the same clip
was repositioned or a second clip was placed.

123I-metaiodobezylguanidine scintigraphy

Anterior planer images were obtained 15 min (early) and 3 h
(delayed) after intravenous injection of 111 MBq (3 mCi) of

123I-MIBG with the patient resting. The images were taken
by PRISM-IRIX (Picker Corp., Cleveland, Ohio/Shimadzu Corp.,
Kyoto), a triple headed gamma camera with a low-energy,
general-purpose collimators. An experienced radiology
technician who was blinded to the patients’ information
analysed the images based on the region of interest (ROI)
to obtain the semi-quantitative parameters for tracer distri-
bution using a smart MIBG software (Fujifilm Toyama
Chemical Co.), which was developed to semi-automatically
determine the H/M and correct them to the standard
medium-energy collimator conditions.22 On anterior planar
images, the ROIs are drawn over the heart and the mediasti-
num. The mean count density in each ROI is obtained and the
H/M ratio is calculated. WR without background subtraction
and time-decay correction was calculated as follows: early
heart ROI (mean count/pixel) � delayed heart ROI (mean
count/pixel)/early heart ROI (mean count/pixel) × 100.
Normal values of H/M and WR in our laboratory are 2.2
and 30, respectively.

Transthoracic echocardiographic assessment

Transthoracic echocardiographic (TTE) imaging at baseline
and 6 months after the MitraClip procedure were performed
using a commercially available ultrasound system (Vivid E90,
GE Healthcare, Chicago, Illinois). All measurements were
made according to the current guidelines.23 The severity of
MR was graded as mild (1+), moderate (2+), moderate to
severe (3+), or severe (4+) using the criteria of the American
Society of Echocardiography.24

Statistical analysis

Categorical variables were presented as counts. Continuous
variables were expressed as mean ± SD or as median [inter-
quartile range (IQR)]. Differences between baseline and
post-MitraClip procedure values were analysed using the
Wilcoxon signed-rank test or χ2 test. Wilcoxon signed-rank
test was used to compare the averages of continuous vari-
ables, while χ2 test was used to compare the proportions of
categorical variables between groups. A P value of <0.05
was considered significant. Statistical analyses were per-
formed using JMP ver. 9.03 (SAS Institute Japan Ltd., Tokyo,
Japan).

Results

Patient population

The baseline characteristics of patients are shown in Table 1.
A total of 13 patients were enrolled in this study. MIBG
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scintigraphy could not be performed in three patients due to
the following reasons: procedural complications such as sin-
gle leaflet detachment (n = 1), death during follow-up
(n = 1), and inability to visit the hospital (n = 1). Finally, 10 pa-
tients (mean age: 83(6) years, 4 male) successfully treated
with MitraClip procedure completed 6 months of follow-up
assessment and MIBG scintigraphy. Medication changes in
all class were not significant between baseline and at
6 months follow-up. No cardiac devices were newly im-
planted, and no patients had new-onset or developed coro-
nary artery disease in the follow-up period.

Changes in clinical, laboratory, and transthoracic
echocardiographic data 6 months after MitraClip
procedure

Changes in clinical, laboratory, and TTE data are shown in
Table 2. All patients significantly improved in New York Heart
Association (NYHA) functional class after the MitraClip proce-
dure. There were no significant changes in BNP from baseline

to 6 months (390.6 ± 287.3 pg/mL to 402.1 ± 256.6 pg/mL,
P = 0.85). As measured by TTE, the severity of MR were signif-
icantly improved at 6 months follow-up (3 [IQR: 3–4] to 2
[IQR: 1–2]; P = 0.012), whereas the size of left atrium (LA)
and left ventricle (LV) and results of LV functional assessment
were not significantly changed.

Changes in 123I-metaiodobezylguanidine
parameters

Figure 1 shows a representative image of improvement in
CSN activity on MIBG imaging at baseline and 6 months after
MitraClip procedure in 86-year-old women with severe de-
generative MR who successfully underwent MitraClip
procedure.

Compared between baseline and follow-up, all injection-
acquisitions delays were within 5 min in early and delayed
image at both baseline and follow-up. MIBG parameters at
baseline and at 6 months after the MitraClip procedure are
shown in Table 3 and Figure 2. Both early and delayed H/M
did not significantly changed (2.16 ± 0.42 to 2.06 ± 0.34,
P = 0.38 and 1.87 ± 0.39 to 1.83 ± 0.39, P = 0.43, respectively),
whereas WR was significantly decreased (38.6 ± 3.9% to
32.6 ± 3.94%, P = 0.002) from baseline to 6 months.

Table 1 Baseline demographics

Total N = 10

Age (years) 83 (6)
Male 5
Body mass index (kg/m2) 19.77 (2.7)
STS replacement mortality risk (%) 14.14 (5.6)
CSHA-CFS scale 3 (2–5.25)
Functional MR 6
Comorbidities

Atrial fibrillation 8
Hypertension 7
Diabetes mellitus 1
Dyslipidaemia 3
Myocardial infarction 0
Prior stroke 1
Chronic kidney disease 7
COPD 0

NYHA functional class
I 0
II 2
III 5
IV 3

Treatment history
Previous PCI 1
Previous CABG 1
Previous CRT 0

Medications
Beta-blocker 6
ACEI/ARB 6
Aldosterone antagonist 5
Diuretics 8

Values are n, mean (SD), or median (25th–75th percentile).
ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin II
receptor blocker; CABG, coronary artery bypass grafting; CFS, clin-
ical frailty scale; COPD, chronic obstructive pulmonary disease; CRT,
cardiac resynchronization therapy; CSHA, Canadian Study of Health
and Aging; MR, mitral regurgitation; NYHA, New York Heart Asso-
ciation; PCI, percutaneous coronary intervention; STS, Society of
Thoracic Surgery coronary.

Table 2 Changes after MitraClip

N = 10 N = 10
Baseline 6 months P value

NYHA classification III to IV 8 2 0.02
MR grade 3 (3–4) 2 (1–2) 0.01
Medications
Beta-blocker 6 6 1.00
ACEI/ARB 6 6 1.00
Aldosterone antagonist 5 5 1.00
Diuretic 8 9 1.00
Cardiac devices
CRT 0 0 1.00
Laboratory data
Haemoglobin (g/dL) 11.6 (1.7) 12.0 (2.0) 0.33
eGFR (mL/min/1.73 m2) 46.9 (16.6) 46.8 (17.87) 0.96
BNP level (pg/mL) 390.6 (287.3) 402.1 (256.5) 0.85
Transthoracic echocardiographic data
EF (%) 50.4 (13.6) 48.4 (8.7) 0.47
LA diameter (mm) 51 (6.7) 51 (8.8) 0.87
LVDd (mm) 53.9 (9.8) 52.7 (8.7) 0.52
LVDs (mm) 39.3 (10.5) 39.5 (9.2) 0.86
LVEDV (mL) 109.9 (47.4) 101.9 (48.1) 0.22
LVESV (mL) 57.3 (36.3) 54.4 (31.7) 0.42
CO (L/min) 4.9 (1.3) 4.46 (1.7) 0.56
CI (L/min/m2) 3.4 (0.9) 3.1 (1.0) 0.63
RVP (mmHg) 35 (13) 32 (11) 0.55

Values are n, mean (SD), or median (25th–75th percentile).
BNP, brain natriuretic peptide; CI, cardiac index; CO, cardiac out-
put; EF, ejection fraction; eGFR, estimated glomerular filtration
rate; LA, left atrium; LVDd, left ventricular end-diastolic diameter;
LVDs, left ventricular end-systolic diameter; LVEDV, left ventricular
end-diastolic volume; LVESV, left ventricular end-systolic volume;
RVP, right ventricular pressure; other abbreviations as in Table 1.
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Discussion

This study investigated the changes in the CSN activity
assessed by MIBG imaging 6 months after MitraClip proce-
dure in patients with grade 3+ or 4+ MR. Our findings showed
a significant improvement in the CSN activity as a decreased
in WR in patients who underwent MitraClip procedure.

Two large randomized trials of transcatheter mitral valve
repair with MitraClip system for MR reported that MitraClip
is a safe procedure, can help reduce MR, and can improve
the clinical outcomes.12,13 Many studies including those two
trials investigated the HF symptoms, haemodynamic changes,
cardiac function assessed by echocardiogram, and prognosis
of patients who underwent MitraClip procedure. On the con-
trary, studies on the CSN activity in MR or the impact on CSN
activity after treatment for MR are limited.25–28 Moreover, no
studies have investigated the CSN activity in patients who
underwent MitraClip procedure. To the best our knowledge,
this is the first study to report the impact of the after
MitraClip procedure on the CSN activity.

In MIBG parameters, a delayed H/M reflects CSN terminal
function and WR reflects retention of norepinephrine by sym-
pathetic neurons, indicating sympathetic nerve tone.1 A low
delayed H/M is associated with a higher incidence of cardiac
events but not with cardiac death. A higher WR is associated
with both cardiac death and cardiac events in patients with
HF.4 The H/M ratio and WR were significantly correlated with
left atrial (LA) dimension in patients with mitral valve
prolapse.29 Moreover, delayed H/M was significantly de-
creased in MR patients compared with no MR patients and
increased WR and CSN activity was positively correlated with
cardiac index (CI) but negatively correlated with pulmonary
capillary wedge pressure, LV ejection fraction (LVEF), and LV
volume indexes.26 Our findings demonstrated that the WR
had significantly ameliorated 6 months after MitraClip proce-
dure, whereas LA dimension, LVEF, LV end-diastolic volume,
and end-systolic volume did not show a significant improve-
ment. However, in LVEF, cardiac output, and CI, decreasing
trends might be consistent with the early effects of increased

Figure 1 Cardiac sympathetic nerve activity on
123

I-metaiodobezyl-
guanidine (MIBG) image at baseline (left side) and 6 months (right side).
Improvement of cardiac sympathetic nerve activity on MIBG after
MitraClip therapy.

Table 3 Changes in MIBG parameters (N = 10)

Baseline N = 10 6 months N = 10 P value

MIBG Early H/M 2.16 (0.42) 2.06 (0.34) 0.38
Delayed H/M 1.8 (0.39) 1.83 (0.39) 0.43
WR 38.6 (3.9) 32.6 (3.94) <0.01

Values are mean (SD).
H/M, heart–mediastinum ratio; WR, washout rate.

Figure 2 Changes in 123I-metaiodobezylguanidine parameters. Washout rate (WR) was significantly decreased (P < 0.01). H/M, heart–mediastinum
ratio.
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afterload after MR reduction.30,31 In our study, CI was calcu-
lated by echocardiography, but a change in the precise CI
was not known because catheterization was not performed.

Improvements of delayed H/M after drug therapeutic
intervention were more described in several studies than im-
provement of WR.32,33 There was a discrepancy between
those studies and our result. One interpretation is that phar-
macological intervention is more likely to improve the CSN
terminal function reflected by a delayed H/M than the CSN
tone reflected by WR. It suggests that there are differences
in the effect on the CSN activity between haemodynamic im-
provement of MR and pharmacological intervention to HF.
However, our studies included too small number of patients
to identify the mechanism for the changes in MIBG parame-
ters. Thus, the underlying mechanisms for an improved WR
but not improved delayed H/M due to a reduction in MR af-
ter MitraClip procedure remained unclear.

The pathophysiology of HF due to either degenerative or
functional MR is very complex, implying that the practical
severity in patients with MR cannot be simply assessed by
haemodynamic parameters, echocardiographic findings, or
biomarkers. Moreover, patients who are candidates for
MitraClip procedure often have multiple comorbidities or
take optimized drugs for HF. Therefore, the CSN activity easily
assessed by MIBG parameters can comprehensively evaluate
the severity of HF, risk stratification, and the therapeutic
effect of MitraClip procedure. The clinical benefit of improv-
ing the MIBG parameters remains unclear. However,
angiotensin-converting enzyme inhibitors, beta-receptor
antagonists, spironolactone, and cardiac resynchronization
therapy have shown to improve the cardiac function and
prognosis. These beneficial effects were associated with an
increased H/M and a decreased WR.7–11 Thus, the degree of
improvement in MIBG parameters by the MitraClip proce-
dure for MR might predict the positive effect on prognosis.
In patients with HF due to MR, MIBG scintigraphy may be
useful in evaluating the effectiveness and the risk for cardio-
vascular events after MitraClip therapy.

Our study has several limitations. First, we only analysed a
small number of patients and a single side character. The
presented results, therefore, are insufficient to understand
the precise mechanisms of the change of CSN activity in
patients who underwent the MitraClip procedure. In addi-
tion, we did not perform single-photon emission computed
tomography. This investigation could give us further informa-
tion to understand better the role of innervation in MR. The
correlation between the impact of medications known to
influence on the CSN activity and the effect of a reduction
of MR was unclear. Second, this study included both degen-
erative and functional MR. The differences in the aetiology
of MR might provide different effects of MR reduction on
the cardiac function or the CSN activity. Third, the results
of a longer term follow-up were not evaluated, and the
duration of the beneficial effects of the MitraClip procedure
on the CSN activity were unclear. Further studies of greater
patient numbers and a longer follow-up time are needed
to clarify the effect of MitraClip procedure on CSN
activity in degenerative or functional MR and association
with clinical benefit of the improvement in CSN activity by
MitraClip therapy.

Conclusion

In patients with HF due to MR, the CSN activity assessed by
MIBG imaging improved as the WR decreased after the
MitraClip procedure for 3+ or 4+ MR, whereas echocardio-
graphic findings or biomarkers did not improve.
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