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ABSTRACT

Background: We sought to analyze the pathological 
characteristics of hypertrophic obstructive cardiomyopathy 
(HOCM) with concomitant mitral valve abnormalities and to 
discuss the surgical treatment strategies.

Methods: The clinical data of 26 HOCM patients treated 
from January 2014 to March 2016 were retrospectively 
analyzed. There were 19 males and 7 females with a mean 
age of 47 ± 16 years (range, 10-70 years). Echocardiogra-
phy showed HOCM, systolic anterior motion of the mitral 
apparatus, and concomitant mitral regurgitation. Modified 
Morrow procedure with expanded resection area was per-
formed in 21 patients. Concomitant mitral valvuloplasty was 
performed in 4 patients, coronary artery bypass grafting was 
performed in one patient, and aortic valve replacement was 
performed in one patient. Echocardiography was performed 
intraoperatively at postoperative 1 week and at postopera-
tive 1 year to evaluate the left ventricular obstruction and the 
mitral regurgitation.

Results: The left ventricular outflow tract gradient, left 
ventricular outflow tract velocity, septal thickness, and mitral 
regurgitation area decreased significantly at postoperative 1 
week and 1 year in comparison with the baseline (all P < .001). 
The postoperative mitral regurgitation and systolic anterior 
motion of the mitral apparatus were completely abolished or 
significantly relieved. Only one patient had moderate mitral 
regurgitation of 7 cm2 after the surgery. At postoperative 1 
year, all patients were asymptomatic, and the quality of life 
was significantly improved. The New York Heart Associa-
tion (NYHA) class was I-II. Echocardiography showed good 
anatomy and function of the mitral valve.

Conclusions: Concomitant mitral valve abnormality is 
not uncommon in HOCM. Septal myectomy can adequately 
expand the left ventricular outflow tract and abolish mitral 
regurgitation and systolic anterior motion of the mitral 
apparatus. Concomitant mitral valvuloplasty is indicated for 
severe congenital abnormalities or secondary lesions of the 
mitral valve, and the outcomes are satisfactory.

INTRODUCTION

Hypertrophic obstructive cardiomyopathy (HOCM) is an 
autosomal dominant genetic disease characterized by hyper-
trophied septum and left ventricle, which result in increased 
myocardial contractility and decreased diastolic compliance. 
Septal myectomy can effectively reduce obstruction of the left 
ventricular outflow tract and has become the standard treat-
ment for patients with HOCM [Maron 2002; Maron 2003; 
Elliott 2004; Gersh 2011].
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Figure 1. Preoperative echocardiographic images of the interventricular 
septum in a patient. The 2D echocardiography (upper panel) showed 
the hypertrophied interventricular septum (white arrow), which caused 
mitral regurgitation. The Doppler ultrasound (lower panel) showed the 
significant mitral regurgitation (dotted area).
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Systolic anterior motion of the mitral apparatus is a 
characteristic pathological change in HOCM. In addition, 
patients with HOCM often have concomitant mitral regur-
gitation. Mitral regurgitation is caused by mitral valve lesions 
in only 4% to 14% of the HOCM patients, such as mitral 
valve inflammation, abnormalities of the papillary muscles or 
chorda, mucoid degenerations, and retrograde degenerations. 
In most conditions, mitral regurgitation is closely associated 
with the basic pathological changes of HOCM. Mitral valve 
replacement can abolish the systolic anterior motion of the 
mitral apparatus but put patients at risks of artificial valve 
infection and anticoagulation complications.

There is no accepted treatment method for HOCM with 
concomitant mitral regurgitation. Here we report our experi-
ences with 26 HOCM patients treated with modified Morrow 
septal myectomy.

MATERIALS AND METHODS

From January 2014 to March 2016, 26 HOCM patients 
were treated at our hospital. All patients presented with palpi-
tations, short breathing, or chest tightness after exercise. The 

symptoms were not controlled by calcium channel blockers 
or beta-blockers. All methods were performed in accordance 
with the relevant guidelines and regulations. Information 
about informed written consent and approval for the study is 
in the Acknowledgments.

Echocardiography and magnetic resonance imaging (MRI) 
showed asymmetric hypertrophy of the left ventricular wall 
and septum, systolic anterior motion of the mitral apparatus 
(Figure 1), and marked obstruction of the left ventricular out-
flow tract. The mean left ventricular outflow tract gradient 
was greater than 50 mm Hg. All patients were in New York 
Heart Association (NYHA) class III-IV.

All surgeries were performed with general anesthesia and 
hypothermic extracorporeal circulation. Extracorporeal cir-
culation was established by intubating the ascending aorta, 
superior vena cava, and inferior vena cava. After cardiac 
arrest, an incision was made obliquely or transversely at the 
aortic root. The right coronary cusp was retracted to thor-
oughly explore the hypertrophied septum and the anterior 
mitral leaflet. The upper borderline of septal myectomy was  
3 mm inferior to the right coronary cusp and the aortic annulus. 
The right borderline of septal myectomy was the midpoint of 
the right coronary sinus. Resection was carried out left by 10-12 
mm to the contact of left and right coronary cusps and was car-
ried out inferiorly by 40-50 mm to the base of the mitral papil-
lary muscles, including the abnormal muscles in the apex that 
fuse with the septum. The depth of septal myectomy reached 
50% of the septal base. The mitral papillary muscles were 
mobilized from the ventricular walls to release the adhesion. 
In comparison with the classic Morrow septal myectomy, the 
modified Morrow procedure extends the resection area beyond 
the membranous part of the septum (Figure 2) [Song 2016].

Continuous data were presented as mean ± standard devia-
tion. The t test was performed to compare the means in dif-
ferent groups. The statistical analyses were performed by 
using IBM SPSS Statistics for Windows, Version 21.0 (IBM 
Corp., Armonk, NY, USA; released 2012). P < .05 was consid-
ered statistically significant.

Table 1. Mitral Valve Conditions of the Patients

Mitral Valve Conditions Number Percentage

Mitral regurgitation

Mild 6 23.08

Moderate 10 38.46

Severe 10 38.46

Pathology

Leaflet elongation 2 50.00

Leaflet thickening 2 50.00

Treatment

None 22 84.62

Mitral valvuloplasty 4 15.38

Mitral valve repair 0 0.00

Figure 2. Postoperative echocardiographic images of the interven-
tricular septum in a patient. The 2D echocardiography (upper panel) 
showed the interventricular septum (while arrow) after resection. The 
Doppler ultrasound (lower panel) showed that the marked mitral regur-
gitation had disappeared.
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RESULTS

The baseline characteristics were summarized in Table 1. 
The preoperative mitral regurgitation was mild in 6 patients, 
moderate in 10 patients, and severe in 10 patients. Marked 
mitral valve thickening was seen in 2 patients, and mitral leaf-
let elongation was seen in 2 patients. One patient had concom-
itant coronary atherosclerotic heart disease, one patient had 
paroxysmal atrial fibrillation, one patient had aortic regurgi-
tation, and one patient had previous alcohol septal ablation 
(Table 1). Concomitant mitral valvuloplasty was performed 
in 4 patients, coronary artery bypass grafting was performed 
in one patient, and aortic valve replacement was performed in 
one patient. No in-hospital death occurred during our study. 
No interventricular septum perforation or complete atrioven-
tricular block was noticed.

In comparison with baseline, the left ventricular outflow 
tract gradient was significantly reduced at postoperative 1 
week (16.73 ± 2.02 versus 93.36 ± 7.93, P < .001) and 1 year 
(16.98 ± 2.33 versus 93.36 ± 7.93, P < .001). Septal thickness 
was significantly reduced at postoperative 1 week (16.45 ± 
0.76 versus 19.43 ± 0.77, P < .001) and 1 year (16.55 ± 0.83 
versus 19.43 ± 0.77, P < .001) in comparison with baseline. 
Mitral regurgitation area was significantly decreased at post-
operative 1 week (3.04 ± 0.73 versus 8.41 ± 0.69, P < .001) and 
1 year (2.95 ± 0.66 versus 8.41 ± 0.69, P < .001) in comparison 
with baseline. Left ventricular outflow tract velocity, left ven-
tricular end-diastolic diameter, left ventricular end-systolic 
diameter, and ejection fraction showed the same trend at post-
operative 1 week and 1 year (Table 2). At postoperative 1 year, 
all patients were asymptomatic with significantly improved 
quality of life. The NYHA class was I-II for all patients. No 
reoperation was needed for any patients.

DISCUSSION

HOCM is also known as idiopathic hypertrophic subaor-
tic stenosis, which is characterized by asymmetric hypertro-
phy of the muscular septum projecting into the left ventricu-
lar cavity. Systolic anterior motion of the mitral apparatus is 

frequent in HOCM, leading to obstruction of the left ven-
tricular outflow tract, reduced left ventricular volume, and 
impaired diastolic function of the left ventricle. In HOCM 
patients, high flow velocity in the left ventricular outflow 
tract results in the Venturi effect [Mcintosh 1992], which 
causes anterior motion of the anterior mitral leaflet. The 
unequal lengths of the 2 mitral leaflets prevent the anterior 
motion of the posterior leaflet similar to that of the anterior 
leaflet, resulting in left ventricular outflow tract obstruction 
and a gap between the mitral leaflets. This finally results in 
systolic anterior motion of the mitral apparatus and mitral 
regurgitation deviated to the posterior junction during the 
mid-to-end systolic phase.

Septal myectomy is the standard treatment for HOCM 
[Mcintosh 1992; Yu 2000; Maron 2007]. This procedure can 
effectively reduce the septal thickness and the left ventricular 
outflow tract gradient, thus abolishing left ventricular out-
flow tract obstruction and reducing the risk of sudden cardiac 
death. Septal myectomy is indicated for symptomatic HOCM 
patients if the left ventricular outflow tract gradient is  
≥50 mm Hg at rest or ≥100 mm Hg at provocation. Surgi-
cal treatment is also considered for young patients or chil-
dren with mild symptoms but a left ventricular outflow tract 
gradient of 75-100 mm Hg at rest. However, some HOCM 
patients with concomitant submitral structure abnormalities 
treated with the classic Morrow procedure had persistent 
anterior motion of the mitral apparatus, leading to mitral 
regurgitation and left ventricular outflow tract obstruction 
[Jiang 1987; Minakata 2004].

In our study, 26 HOCM patients were treated with the 
modified Morrow procedure for expanded myectomy. The 
postoperative mitral regurgitation and systolic anterior 
motion of the mitral apparatus were completely abolished 
or significantly relieved. Only one patient had moderate 
mitral regurgitation of 7 cm2 after the surgery. No surgery-
related death occurred. At postoperative 1 year, all patients 
were asymptomatic, and the quality of life was significantly 
improved. The NYHA class was I-II. Echocardiography 
showed good anatomy and function of the mitral valve. No 
death, complications, or reoperation were recorded.

Table 2. The Echocardiography Results*

Ultrasonic Indicator Baseline Postoperative 1 Week P1 Postoperative 1 Year P2

Left ventricular outflow tract gradient 93.36 ± 7.93 16.73 ± 2.02 <.001 16.98 ± 2.33 .000

Left ventricular outflow tract velocity 472.40 ± 22.12 188.40 ± 14.16 <.001 189.33 ± 14.23 .000

Septal thickness 19.43 ± 0.77 16.45 ± 0.76 <.001 16.55 ± 0.83 .000

Mitral regurgitation area 8.41 ± 0.69 3.04 ± 0.73 <.001 2.95 ± 0.66 .000

Left ventricular end-diastolic diameter 44.71 ± 0.99 40.38 ± 1.60 <.001 40.11 ± 1.36 .000

Left ventricular end-systolic diameter 28.10 ± 0.90 26.24 ± 1.18 <.001 26.13 ± 1.23 .000

Ejection fraction 66.48 ± 1.53 61.44 ± 2.65 <.001 63.67 ± 2.77 .000

NYHA class III-IV I-II I-II

*P1, postoperative 1 week versus baseline; P2, postoperative 1 year versus baseline; NYHA, New York Heart Association.
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The severity of mitral regurgitation is closely associated 
with the left ventricular outflow tract gradient, as well as the 
length and mobility of the mitral leaflets, and the inequality 
between the 2 mitral leaflets [Schwammenthal 1998; Minakata 
2005]. For most patients, septal myectomy alone is adequate 
to abolish the mitral regurgitation and the systolic anterior 
motion of the mitral apparatus, and concomitant mitral valve 
surgery is unnecessary. A small proportion of patients still had 
mild mitral regurgitation and systolic anterior motion of the 
mitral apparatus after septal myectomy. The reasons include 
inadequate resecting of the hypertrophied myocardium, inad-
equate resecting of the middle septum, and not reaching the 
root of the mitral papillary muscles. This may result in post-
operative left ventricular outflow tract obstruction, and reop-
eration is needed for severe cases [Klues 1992; Zhu 1992]. 
In addition, residual mitral regurgitation in a small number 
of patients after septal myectomy may be explained by focal 
mitral leaflet thickening or mild mitral annulus calcification.

Congenital abnormalities or secondary lesions in the mitral 
valve are found in approximately 10%-20% of the HOCM 
patients. For these patients, persistent mitral regurgitation 
and obstruction of the opening of the mitral valve may be 
noticed despite adequate septal myectomy and expansion of 
the left ventricular outflow tract. Various abnormalities of 
the mitral leaflets or submitral structures may be indicated by 
using echocardiography; these include mitral valve prolapse, 
chordal rupture, leaflet fibrosis, leaflet calcification, papillary 
muscle abnormality, rheumatic lesions, and infections. The 
adjacent mitral chordae may be incidentally injured during 
septal myectomy. In this case, mitral regurgitation—mostly 
deviated to the anterior junction or central part—can persist 
postoperatively even with a well-expanded left ventricular 
outflow tract, decreased left ventricular tract gradient, and 
abolished systolic anterior motion of the mitral apparatus 
The persistent mitral regurgitation has no obvious correla-
tion with the left ventricular outflow tract gradient and the 
systolic anterior motion of the mitral apparatus. For this con-
dition, concomitant mitral valvuloplasty or mitral valve repair 
is indicated. The goal of mitral valvuloplasty is to reduce the 
mitral leaflet area and correct the abnormal mitral apparatus. 
If needed, a larger-sized artificial annulus is preferred to avoid 
or minimize the risk of systolic anterior motion of the mitral 
apparatus [Kofflard 1996].

LIMITATION

Our study retrospectively analyzed the pathological charac-
teristics of HOCM with concomitant mitral valve abnormali-
ties and discussed the surgical treatment strategies. Despite 
the small number of cases and the lack of control group, all our 
patients achieved good anatomical and functional recovery.

CONCLUSION

In conclusion, our experience suggests that the modified 
Morrow myectomy with expanded resection area can effectively 
reduce the left ventricular outflow tract gradient and abolish 
the systolic anterior motion of the mitral apparatus. Mitral 

regurgitation associated with the obstruction is not surgically 
managed unless there are concomitant mitral valve lesions.
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