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Introduction  

Excellent clinical results of isolated myectomy for hypertrophic obstructive 

cardiomyopathy (HOCM) have been reported by groups from the Cleveland Clinic and 

Mayo Clinic [1, 2]. On the other hand, it is remarkable that half of the patients have 

residual systolic anterior motion (SAM) of the mitral valve after myectomy [3]. Some 

surgeons insist that the mitral valve should be replaced when the ventricular septum is 

relatively thin (< 18 mm) or atypical septal hypertrophy exists [4, 5], but it is still 

controversial whether we should perform mitral valve surgery concomitant with septal 

myectomy [6]. There exists a report about a failure i.e. exacerbation of mitral 

regurgitation (MR) after isolated myectomy for SAM and LVOTO in sigmoid septum 

with relatively thin interventricular septum [7]. The authors speculated that abnormal 

papillary muscle attachment might have caused the failure. Because we believe that the 

effect of isolated myectomy is limited when the interventricular septum is relatively thin 

(< 20 mm), we have employed mitral valve repair concomitant with myectomy for 

HOCM cases with SAM and left ventricular outflow obstruction (LVOTO) when MR is 

more than mild [8]. Here we examine the surgical results of myectomy for SAM and 

LVOTO including HOCM and sigmoid septum as their pathology. 

 

 

Material and Methods  

Subjects 

From 1995 to 2014, 14 patients were referred to our institution for surgical correction 

of SAM and LVOTO. We included 12 patients with relatively thin interventricular 

septum (<20 mm) who had both SAM and LVOTO. We excluded those with severe 



2 
 

aortic valve stenosis and LVOTO but without SAM. According to the American Heart 

Association guidelines, hypertrophic cardiomyopathy (HCM) was diagnosed by 

unexplained LV hypertrophy associated with non-dilated ventricular chambers in the 

absence of another cardiac or systemic disease that itself would be capable of producing 

the magnitude of hypertrophy [9]. Metabolic and infiltrative storage disorders were 

excluded by clinical and pathological analysis of the surgical specimens. HOCM was 

defined HCM with LVOTO. LVOTO was defined as the peak instantaneous continuous 

wave Doppler gradient at rest greater than 30 mmHg. In the current study, marked 

gradients over 50 mmHg was observed in nine in total 12 patients and three presented 

with marked gradients with the Valsalva maneuver. 

Table 1 shows the preoperative characteristics of the patients. Eight had HOCM, three 

had sigmoid septum (two had also severe aortic valve stenosis), and one had an 

unknown etiology. The patients had symptoms of heart failure (dyspnea on exertion: 

n=10), syncope (n=1), and general fatigue (n=1) even with optimal medical treatments 

including beta blockers [10]. The preoperative maximum LVOT pressure gradients were 

140±18 and 56±15 mmHg in the HOCM group and the group without HOCM, 

respectively. A DDD (dual pacing for both chambers, dual chamber activity sensing, and 

dual response) pacemaker had been implanted for one patient in the HOCM group. 

Three patients with HOCM underwent pacing studies with negative results before 

operation: using a pressure wire introduced from the femoral artery into the LV, LVOT 

pressure gradients were assessed at a series of AV intervals from 60 to 180 ms (increase 

by 20 ms) during temporary right atrial and ventricular apical pacing and AV interval of 

100 ms during temporary right atrial and interventricular septal pacing; negative result 

was defined LVOT pressure gradient > 50 mmHg and < 30% reduction by any pacing 



3 
 

modes. The university ethics committee approved the research protocol (No. 015-0007) 

and waved the informed consent requirements for this retrospective study. 

 

Assessment of cardiac function by transthoracic echocardiography 

We used a Sonos 5500 ultrasound system (Philips Medical Systems, Andover, 

Massachusetts, USA) with a 3S transducer (3-5 MHz), a Vivid Seven system 

(GE/Vingmed, Milwaukee, Wis, USA) with an M3S (2.5-3.5 MHz) transducer, or an 

Aplio system (Toshiba Medical Systems, Tokyo, Japan) with a 2.5 MHz transducer. The 

following basic variables were measured from the parasternal long axis view: LV 

end-diastolic (LVDd) and end-systolic dimensions (LVDs) (mm), interventricular septal 

thickness (IVST), and LV posterior wall thickness (mm). The MR jet area was measured 

from the maximal MR jet by color Doppler, either in the four-chamber plane or the 

frontal long-axis plane. The severity of MR was analyzed off-line using color jet area 

mapping as follows: mild (grade 1), color jet area 2.0 to 3.9 cm2; moderate (grade 2 or 

3), color jet area 4.0 to 8.0 cm2; severe (grade 4), color jet area > 8.0 cm2 [11]. Moderate 

MR was subclassified into grade 2 when regurgitant volume assessed by the volumetric 

method using pulse-wave Doppler was from 30 to 44 ml and grade 3 when regurgitant 

volume was from 45 to 59 ml [12]. LVOT pressure gradient was measured using 

continuous wave Doppler by apical long axis view and Bernoulli's principle [9]. All 

values were averaged using three consecutive measurements. Sigmoid septum was 

defined when the angle between the anterior line of the ascending aorta and that of the 

ventricular septum was less than 120° from the parasternal long axis view. SAM was 

defined as the distortion of the anterior mitral valve leaflet secondary to LVOTO [9]. 

The jet of MR was directed laterally and posteriorly in all but three cases with 
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morphological changes of the mitral valve. Mitral leaflet length was also measured from 

the parasternal long axis view. Echocardiography was performed within one week 

before operation (pre-OP), from two to three weeks after operation (post-OP), and at the 

last follow-up (mean, 3.6 years after operation).  

 

Surgical procedures 

Table 2 shows the surgical procedures. For HOCM, isolated extended myectomy which 

is a modified Morrow technique releasing the communication between the aortic valve 

and abnormal attachment of the papillary muscles [13] was performed when MR was 

mild (n=1) and extended myectomy and mitral valve surgery were performed when MR 

was more than mild (n=4) or primary valve etiologies existed (n=3). Figure 1 shows the 

mitral repair techniques for posterior mitral leaflet height reduction (a) and anterior 

mitral leaflet augmentation and retention plication (b) [8, 14-16]. When the posterior 

leaflet was elongated (> 20 mm), it was excised and slid to reduce the leaflet height 

(Figure 2; n=3). For one case with a relatively short posterior leaflet height (< 20 mm), 

we employed anterior mitral leaflet augmentation and retention plication to reduce 

excessive mobility of the anterior mitral leaflet. A true-sized or larger total annuloplasty 

ring was selected according to the results of an ink test after leaflet plication. In three 

HOCM patients, the thickened anterior papillary muscle deviated to the septum without 

direct atatchment. In the other five patients, there was no remarkable changes in the 

papillary muscles. There was no septal band across the LVOT to the anterior mitral 

leaflet. 

In the group without HOCM, isolated myectomy was performed for the three patients 

with sigmoid septum (two underwent aortic valve replacement concomitantly), and 
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myectomy and height reduction of the posterior mitral leaflet were performed for the 

one patient with the unknown etiology of SAM. The resected muscle length, depth, and 

width were 38±4, 9±1, and 10±0.4 mm in HOCM group and 28±5, 8±1, and 11±1 mm 

in the other group, respectively. 

 

Statistical analysis 

Data are presented as mean ± standard error of the mean. The Wilcoxon test was used 

to compare pre- and postoperative values. Differences were considered statistically 

significant if p < 0.05. Statistical analysis was performed with SPSS version 17.0 

software (SPSS Inc. Chicago, Ill). 

 

 

Results 

Figure 3 shows representative pre- (a) and postoperative (b) echocardiographic images 

of an HOCM patient who underwent myectomy, anterior mitral leaflet augmentation, 

and retention plication. Moderate MR disappeared after surgery. The maximum LVOT 

pressure gradient decreased from 174 to 16 mmHg. 

 

Figure 4a shows the changes of the SAM, LVOT pressure gradient, and MR grade in 

the HOCM group. Two patients presented with residual SAM early after surgery, but it 

disappeared during the follow-up. The maximum LVOT pressure gradient significantly 

decreased from 140±18 to 16±6, and 3±3 mmHg, and the MR grade significantly 

decreased from 2.3±0.5 to 0.5±0.3, and 0.4±0.2 at pre-OP, early post-OP, and the last 

follow-up (3±1 years), respectively. The NYHA class at the last follow-up (4±1 years) 
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was 1 for six patients and 2 for two (we lost one case to follow-up). 

 

Figure 4b shows the changes of SAM, the LVOT pressure gradient, and MR grade in 

the group without HOCM. One patient presented with residual SAM early after surgery, 

but it disappeared during the follow-up. The maximum LVOT pressure gradient 

decreased from 56±15 to 25±15, and 5±4 mmHg , and the MR grade decreased from 

2.0±0.6 to 1.3±0.3, and 1.3±0.8 at pre-OP, early post-OP, and the last follow-up (3±2 

years), respectively. One patient who underwent myectomy presented with grade 2 MR 

in the late period. The other one patient who had a morphological change in the mitral 

valve presented with grade 3 MR late after mitral valve peeling and commissurotomy. 

The other two patients had no MR in the late period. The NYHA class at the last 

follow-up (7±4 years) was 1 for three patients and 2 for one patient. 

 

 

Discussion  

We demonstrated here that our surgical results for myectomy and mitral valve surgery 

for symptomatic SAM and LVOTO were acceptable. Although some reports have 

presented good results of isolated extended myectomy for MR in HOCM, we believe 

that mitral valve surgery is necessary for those with a relatively thin ventricular septum 

(< 20 mm) because sufficient myectomy could not be performed without the risk of 

interventricular septal perforation. 

 

Is mitral valve surgery necessary for HOCM? 

Excellent clinical results of isolated myectomy for HOCM have been reported by 
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groups at the Cleveland Clinic and Mayo Clinic [1, 2]. Cho et al. reported that the 

recurrence of symptomatic LVOTO was uncommon (2.5% in 2000 cases) and the most 

common cause of the recurrence was inadequate length of the septal incision [2]. 

However, it is remarkable that over half of the patients have residual SAM in the long 

term after myectomy [3]. Some reported that mitral valve replacement with low-profile 

mechanical prostheses is as effective as myectomy for SAM and LVOTO in HOCM [4, 

5, 17, 18]. McIntosh et al. insisted that the mitral valve should be replaced when IVST 

is less than 18 mm or atypical septal hypertrophy exists [4]. More recently, various 

surgical techniques for mitral valve repair rather than replacement have been reported 

[14-16, 19, 20]. Nasseri and Hetzer reported retention plasty in which the medial and 

lateral anterior mitral leaflet closest to the trigones are sutured to the corresponding 

posterior annulus to reduce excessive mobility of the anterior leaflet [14]. Swistel et al. 

proposed the resection, plication, and release (RPR) procedure. The resection refers to 

extended myectomy, plication is treatment of the anterior leaflet itself in cases where it 

is extremely redundant, and release refers to the dividing of any abnormal attachments 

that the papillary muscles may have to the lateral wall of the LV [19]. Anterior mitral 

leaftlet extention with autologous pericardium has been employed by some surgeons [15, 

16]. In this technique, the patch stiffens the anterior mitral leaflet, making it less likely 

to buckle in the presence of Venturi and flow drag forces. Seeburger and Mohr have 

reported a new approach using a minimally invasive technique for transmitral septal 

myectomy followed by complete resection and replacement of all anterior mitral leaflet 

chordae with longer neochordae by a loop technique [20].  

In the current study, the mean IVST in HOCM was 16 mm and all of the patients had 

IVST of less than 20 mm, which is much smaller than those reported in Europe (23 mm) 
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[14, 16]. In a patient with thick interventricular septum, the amount of muscle resection 

would be large and we can expect enough release of abnormal attachment of the 

papillary muscles and reduction of the Venturi effect after isolated myectomy. On the 

other hand, if we can resect only small amount of septal muscle due to relatively thin 

interventricular septum, we would not properly achieve the release of abnormal 

attachment of the papillary muscles and reduction of the Venturi effect. If these two 

patients had the same degree of SAM, LVOTO, and mitral leaflet length before 

operation, the possibility of failure after isolated myectomy would be stronger in the 

patient with thin interventricular septum than the other. It is possible that isolated 

myectomy for the cases in the current study might not be sufficient to eradicate 

significant SAM and MR. We have not seen any recurrence of SAM during the 

follow-up. We believe that concomitant mitral valve surgery is necessary, especially for 

those with a relatively thin ventricular septum as seen in this study, although the small 

number of the patients is the major limitation of this study and a comparison study with 

a control group is necessary to prove this concept. 

 

SAM and LVOTO in patients with sigmoid septum 

 Reports concerning SAM and LVOTO in patients with sigmoid septum are rare. 

Although the mechanisms of SAM and LVOTO are partly the same as that of HOCM 

and isolated muscle resection could be sufficient, deterioration of MR after myectomy 

has been reported [7]. Fujita et al. reported a patient with SAM and LVOTO due to 

sigmoid septum and normal mitral valve pathology who presented with severe MR just 

after myectomy [7]. The mitral valve had to be finally replaced in this case. The authors 

speculated that abnormal papillary muscle attachment might have caused the failure. 
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Mitral leaflet length was not measured in that report. Interestingly, in the current study, 

the mitral leaflets of the patients with sigmoid septum were elongated (anterior, 25 mm; 

posterior, 16 mm which were comparable to those in HOCM) compared to reported 

normal values (anterior, 19 mm; posterior, 10 mm) [21]. The abnormal papillary muscle 

attachment and elongation of the mitral leaflet might have contributed to SAM and 

LVOTO not only in patients with HOCM but also in patients with sigmoid septum. 

Although we did not perform mitral valve procedures for patients with sigmoid septum, 

careful follow-up is necessary to check for recurrence of SAM and MR after myectomy 

in sigmoid septum.  

 

In conclusion, myectomy with mitral valve surgery is an option for HOCM with a 

relatively thin interventricular septum. The optimal treatment strategy for sigmoid 

septum needs to be established. 
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Figure legends 
 

Figure 1. Schematic of posterior mitral leaflet height reduction (a) and anterior mitral 

leaflet augmentation and retention plication (b). When the posterior leaflet was 

elongated (> 20 mm), it was excised and slid to reduce the leaflet height (a). For those 

with a relatively short posterior leaflet height (< 20 mm), we employed anterior mitral 

leaflet augmentation with autologous pericardial patch and retention plication by 

suturing the anterior leaflet to the corresponding posterior annulus to reduce excessive 

mobility of the anterior mitral leaflet (b). The dotted lines indicate incision lines. 

 

Figure 2. Intraoperative photos showing height reduction of the posterior mitral leaflet. 

(a, b) elongated posterior mitral leaflet (18 mm) (c, d) reduced height of the posterior 

mitral leaflet after leaflet plication and ring annuloplasty. LA, left atrium; PML, 

posterior mitral leaflet. 

 

Figure 3. Representative pre- (a) and postoperative (b) echocardiographic images of an 

HOCM patient who underwent myectomy, anterior mitral leaflet augmentation, and 

retention plication. They are both apical 3-chamber views in mid-systole. Moderate MR 

was reduced to trivial MR after surgery. LVOTO, left ventricular outflow obstruction; 

MR, mitral regurgitation. 

 

Figure 4. Changes of systolic anterior motion of the mitral valve, maximum LVOT 

pressure gradient, and MR grade in HOCM patients (a) and those without HOCM (b). 

LVOT, left ventricular outflow tract; last FU, last echocardiographic follow-up (3±1 and 

3±2 years, respectively). *p<0.05 vs. preoperative values. 
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Table 1. Preoperative patients characteristics 
 

  HOCM (n=8) Others (n=4) 

Age 65±3 66±1 

Male 2 (25%) 1 (25%) 

Medications 
  

  beta blockers 8 (100%) 4 (100%) 

  disopyramide 4 (50%) 1 (25%) 

  cibenzoline 1 (13%) 1 (25%) 

DDD pace maker 1 (13%) 0 (0%) 

NYHA class 2.5±0.4 2.7±0.7 

Echocardiography 
  

  LVDd, mm 44±1  49±2 

  LVDs, mm 26±1 29±2 

  %FS, % 42±2  39±2 

  IVST, mm 16±1 13±2 

  PWT, mm 11±1 12±1 

  IVST/PWT ratio 1.4±0.1  1.1±0.0 

  SAM 8 (100%) 4 (100%) 

  sigmoid septum 0 (0%) 3 (75%) 

  severe aortic valve stenosis 0 (0%) 2 (50%) 

  Max LVOTPG, mmHg 140±18  56±15 

  Mitral regurgitation 2.3±0.5 2.0±0.6 

  Length of anterior MV, mm 27±2 25±1 

  Length of posterior MV, mm 19±1 16±2 

Values ± standard error of the mean. DDD, dual pacing for both chambers, dual chamber 

activity sensing, and dual response; FS, fractional shortening; HOCM, hypertrophic 

obstructive cardiomyopathy; IVST, interventricular septal thickness; LVDd, left ventricular 

end-diastolic dimension; LVDs, left ventricular end-systolic dimension; LVOTPG, left ventricular 

outflow tract pressure gradient; MV, mitral valve; NYHA, New York Heart Association; PWT, left 

ventricular posterior wall thickness; SAM, systolic anterior motion of the mitral valve. 

 

 



Table 2. Surgical procedures 
  

  HOCM (n=8) Others (n=4) 

Myectomy  8 (100%) 4 (100%) 

  resected muscle length, mm 38±4 28±5 

               depth, mm 9±1 8±1 

               width, mm 10 ± 0.4 11±1 

Mitral valve repair  4 (50%) 1 (25%) 

  posterior leaflet height reduction 3 (38%) 1 (25%) 

  anterior leaflet augmentation and retention plication 1 (13%) 0 

  mitral ring annuloplasty 2 (25%) 1 (25%) 

  Commissurotomy 0 1 (25%) 

Mitral valve replacement 3 (38%) 0 

  due to infective endocarditis  1 - 

       mitral valve stenosis 1 - 

       other reason 1 - 

Aortic valve replacement  1 (13%) 2 (50%) 

Cardiopulmonary bypass time, min 218±34 229±58 

Aortic cross clamp time, min 147±27 118±19 

Values ± standard error of the mean. HOCM, hypertrophic obstructive cardiomyopathy 
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