
Open Journal of Thoracic Surgery, 2019, 9, 1-7 
http://www.scirp.org/journal/ojts 

ISSN Online: 2164-3067 
ISSN Print: 2164-3059 

 

DOI: 10.4236/ojts.2019.91001  Mar. 28, 2019 1 Open Journal of Thoracic Surgery 
 

 
 
 

Endoventricular Spiral Plication for Ischemic 
Dilated Cardiomyopathy 

Kayo Sugiyama*, Yasuhiro Futamura, Hirotaka Watanuki, Masaho Okada, Genri Tagami,  
Katsuhiko Matsuyama 

Department of Cardiac Surgery, Aichi Medical University Hospital, Nagakute, Japan 

 
 
 

Abstract 
Surgical ventricular restoration (SVR) procedures have been developed; how-
ever, their long-term effectiveness remains controversial. Although a series of 
endoventricular spiral plication (ESP) has been rarely reported and its long 
prognosis is still unknown; this method has a unique concept of left ventricu-
lar (LV) restoration without artificial patch materials. Here, we describe the 
case of a patient with ischemic cardiomyopathy and ischemic mitral regurgi-
tation who successfully underwent ESP, mitral valve repair, and coronary ar-
tery bypass grafting. ESP was effective in papillary muscle approximation for 
avoiding heart failure; however, the noted improvement of LV wall thicken-
ing might be temporary. 
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1. Introduction 

Cardiac transplantation, an accepted treatment option for patients with end-stage 
cardiac failure, is limited by severe shortages of donor hearts. Surgical ventricu-
lar restoration (SVR) affords significant improvement in the ejection fraction, 
compared with coronary artery bypass alone, without added mortality [1]. Al-
though SVR for ischemic cardiomyopathy (ICM) has been developed and its 
short-term outcome is reportedly satisfactory, the surgical techniques for SVR 
are still evolving and their long-term outcome remains uncertain [1] [2] [3]. In 
patients with ICM, mitral regurgitation (MR) occurs because of dilatation of the 
mitral annulus and the tethering effect of the mitral leaflet due to dilatation of 
the left ventricle (LV). Endoventricular spiral plication (ESP) has been reported 
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as a less-invasive SVR procedure that does not require artificial prostheses [4] 
[5]. This procedure can be performed with a small incision of the LV wall and is 
also expected in papillary muscle approximation with spiral suturing. Further-
more, this procedure is expected to detect another advantage in increase of LV 
wall thickness. Based on the etiology of MR in patients with ICM, restoration of 
the LV appears to also restore the tethering of the mitral leaflet by surgical re-
verse remodeling of the LV. MR is treated by papillary muscle approximation to 
repair the mitral tethering [1] [6]. 

2. Case Report 

A 70-year-old man complained of progressive dyspnea on exertion. He had been 
treated for hepatitis types B and C and gastric ulcer at a local hospital and had 
no obvious past history associated with Kawasaki disease. Chest radiography 
showed cardiomegaly and congestion in the bilateral lungs (Figure 1(a)). Elec-
trocardiography showed complete left bundle branch block (Figure 1(b)). 
Transthoracic echocardiography showed diffuse LV dilatation with dyskinetic apic-
al motion and moderate MR (Figure 3(a)) due to tethering. The LV end-diastolic 
diameter was 66 mm; estimated LV end-diastolic and -systolic volumes were 273 
mL and 244 mL, respectively; LV end-diastolic and systolic volume indexes were 
175 mL/m2 and 156 mL/m2, respectively; and the LV ejection fraction was 11%. 
Coronary angiography revealed total occlusion of the left anterior descending ar-
tery (Figure 1(c)). Left ventriculography showed dilatation and diffuse hypokine-
sis of the LV and a dyskinetic apex. Other blood examinations were almost nor-
mal, but the patient’s brain natriuretic peptide level was 945 pg/mL. 

ESP using cardiopulmonary bypass with cardiac arrest, with concomitant co-
ronary artery bypass grafting to the left anterior descending artery using the left 
internal thoracic artery and mitral annuloplasty with an artificial ring were per-
formed. Myocardial protection was achieved using antegrade and retrograde 
cold-blood cardioplegia. After the LV was opened at the apex parallel to the left 
anterior descending artery, the boundaries between the normal and aneurysmal 
scar tissues were identified. After LV incision, because the dimension between 
the bilateral papillary muscles was greater than 3 cm, papillary muscle approxi-
mation was performed using pledgeted 3-0 polypropylene stitches with auto-
logous pericardial patch (Figure 2(a)). Afterward, continuous double-spiral su-
turing using pledgeted 3-0 polypropylene stitches was started 5 cm proximal to 
the apex. The stitches were placed spirally at intervals of 2 cm rotating in a 
clockwise direction between the basal septum and newly-created LV apex to pli-
cate the ideal LV shape (cone shape) (Figure 2(b)). After the LV plication, the 
stitches were tied down snugly. The LV was closed without any patch materials 
with interrupted mattress suturing and reinforced with continuous running su-
turing using 3-0 polypropylene stitches (Figure 2(c)). The durations of the op-
eration, cardiopulmonary bypass, and aortic cross-clamping were 387, 166, and 
73 minutes, respectively. The weaning from the cardiopulmonary bypass was 
uneventful, and MR decreased to trivial. 
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(a) 

 
(b)                                                        (c) 

Figure 1. (a) Preoperative chest radiograph showing cardiomegaly and congestion in the bilateral lungs; (b) Preoperative electro-
cardiogram showing complete left bundle branch block; (c) Preoperative echocardiography showing a distended left ventricle and 
moderate mitral regurgitation. 

 
The transthoracic echocardiography performed 1 week postoperatively re-

vealed improvement of LV dilatation and LV shape. The LV end-diastolic di-
ameter was 58 mm and the estimated LV end-diastolic and -systolic volumes 
were reduced to 160 mL and 111 mL, respectively. The LV end-diastolic and 
-systolic volume indexes improved to 103 mL/m2 and 71 mL/m2, respectively, 
and the LV ejection fraction increased to 31%. It also revealed improvement in 
thickness of the LV wall; the interventricular septal diameter, posterior wall di-
ameter, and LV mass index increased from 9.4 to 11.6 mm, 10.2 to 11.8 mm, and 
221 to 258 g/m2, respectively (Table 1). There was no MR (Figure 3(b)). Post-
operative magnetic resonance imaging showed improvement of LV motion and 
LV shape (Figure 3(c)). 

The patient was postoperatively treated with cardioprotective medication in-
cluding 2.5 mg enalapril, 5 mg carvedilol, and 5 mg pimobendan. At the 1-year  
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(a) 

 
(b)                                                           (c) 

Figure 2. (a) Intraoperative view showing papillary muscle approximation; (b) Intraoperative view showing stitches placed spiral-
ly at intervals of 2 cm rotating in a clockwise direction between the basal septum and the newly-created LV apex to plicate the 
ideal LV shape; (c) Intraoperative view showing the left ventricle closed without any patch materials with interrupted mattress 
suturing and reinforced with continuous running suturing using 3-0 polypropylene stitches. 

 
follow up, the patient’s condition was satisfactory without any major adverse 
cardiac events. However, the echocardiography performed 1 year postoperatively 
revealed recurrence of LV dilatation, decrease in the LV ejection fraction, and 
worsening in LV wall thickening compared to the postoperative echocardio-
gram, whereas there was still no MR (Figure 3(d), Table 1). A longer follow-up 
of the patient could be conducted in this article. 

3. Discussion 
The SVR strategies for ICM have been evolving. SVR affords significant im-
provement in the ejection fraction, compared with coronary artery bypass alone, 
without added mortality [1]. Even thought the clinical effectiveness of SVR re-
mains controversial, SVR could constitute an alternative strategy to heart trans-
plantation for patients with severe ischemic cardiomyopathy. Cardiac trans-
plantation, an accepted treatment option for patients with end-stage cardiac 
failure, is limited by severe shortages of donor hearts. However, most SVR pro-
cedures are highly invasive and require patch materials. Moreover, there is no 
established method of LV restoration into an appropriate shape and volume [1] 
[2] [3]. 
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(a)                                                          (b) 

 
(c)                                                        (d) 

Figure 3. (a) Preoperative echocardiography showing moderate mitral regurgitation; (b) Echocardiography performed 1 week 
postoperatively showing no mitral regurgitation; (c) Postoperative magnetic resonance imaging showing improvement of left ven-
tricle (LV) motion and LV shape; (d) Echocardiography performed 1 year postoperatively showing no mitral regurgitation. 

 
Table 1. Data of preoperative and postoperative echocardiography performed 1 week and 
1 year after surgery. 

 
Preoperative 

One week 
after surgery 

One year 
after surgery 

LVDd (mm) 66 63 63 

LVDs (mm) 61 51 56 

IVST (mm) 9.4 11.6 5.6 

PWT (mm) 10.2 11.8 7.9 

LVMI (g/m2) 221 258 129 

LVEF (%) 11 31 23 

LVEDV (ml) 273 160 200 

LVESV (ml) 244 111 154 

MR moderate none none 
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ESP could be performed simply because it only requires double-spiral stitches 
instead of patch materials. A continuous spiral stitch can reconstruct the LV 
shape both at the short and long axes [4] [5]. Furthermore, the LV was cut to 
open only 2 to 3 cm at the scar tissue in the lateral apical wall, resulting in a mi-
nimal LV incision. Moreover, papillary muscle approximation can be considered 
in cases of ischemic MR whose dimension between the papillary muscles is 
greater than 3 cm, similar to the present case. Restoration of the LV appears to 
also restore the tethering of the mitral leaflet by surgical reverse remodeling of 
the LV. MR is treated by papillary muscle approximation to repair the mitral te-
thering [1] [6]. Moreover, ESP can be carried out without cardiac arrest if LV 
function is extremely poor to undergo SVR [4] [5]. 

However, the indication of ESP is limited to selected cases where the infarc-
tion area is located in the apex. If the infarction area is broad and located in the 
other parts of LV, other SVR procedures may be more appropriate [1]. In the 
present case, because the infarction area was relatively located in the apex, this 
procedure was preferable. Furthermore, when the ventricular muscle fibers are 
fragile due to infarction, they are at risk for splitting and cutting [4]. According 
to Hiraoka et al., patients with extensively thin-walled LV cavities without viable 
cardiac muscle are not suitable candidates for this technique [4]. Moreover, 
ESP’s long-term postoperative prognosis remains unclear. 

Based on the present case, this procedure is expected to have a possibility in 
thickening of LV wall in an only short term. This strategy might solve recurrent 
cardiac events due to MR; however, its effectiveness regarding LV wall thicken-
ing might be temporary. In order to clarify this matter, further reports are war-
ranted. 

4. Conclusion 

ESP is a less invasive SVR involving a small LV incision and does not require 
patch materials. Because of papillary muscle approximation, this procedure 
might be effective in avoiding postoperative cardiac events due to recurrent MR. 
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