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ABSTRACT
Objective: The purpose of this study was to determine the effects of surgical resection of muscle layer on the long-term survival of patients with
hypertrophic obstructive cardiomyopathy (HOCM).
Methods: The original study cohort consisted of 552 patients with hypertrophic cardiomyopathy (HCM), including 380 patients with HOCM and
172 patients with nonobstructive HCM. All these patients had a definite diagnosis in our center from October 1, 2009, to December 31, 2012. They
were divided into three groups, viz., HOCM with myectomy group (n=194), nonoperated HOCM group (n=186), and nonobstructive HCM group
(n=172). Median follow-up duration was 57.57±13.71 months, and the primary end point was a combination of mortality from all causes.
Results: In this survival study, we compared the prognoses of patients with HOCM after myectomy, patients with nonoperated HOCM, and
patients with nonobstructive HCM. Among the three groups, the myectomy group showed a lower rate of reaching the all-cause mortality with
statistically indistinguishable overall survival compared with patients with nonobstructive HCM (p=0.514). Among patients with left ventricular
outflow tract (LVOT) obstruction, the overall survival in the myectomy group was noticeably better than that in the nonoperated HOCM group
(log-rank p<0.001). Parameters that showed a significant univariate correlation with survival included age, previous atrial fibrillation (AF), NTproBNP, Cr, myectomy, and LV ejection fraction. When these variables were entered in the multivariate model, the only independent predictors
of survival were myotomy [hazard ratio (HR): 0.109; 95% CI: 0.013–0.877, p<0.037], age (HR: 1.047; 95% CI: 1.007–1.088, p=0.021), and previous AF
(HR: 2.659; 95% CI: 1.022–6.919, p=0.021).
Conclusion: Patients with HOCM undergoing myectomy appeared to suffer from a lower risk of reaching the all-cause mortality and demonstrated statistically indistinguishable overall survival compared with patients with nonobstructive HCM. Multivariate analysis clearly demonstrated
myectomy as a powerful, independent factor of survival, confirming that the differences in long-term survival recorded in this study may be due
to surgical improvement in the LVOT gradient. (Anatol J Cardiol 2020; 23: 342-8)
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Introduction
Hypertrophic cardiomyopathy (HCM) is a genetic heart disease characterized by cardiomyocyte hypertrophy and interstitial fibrosis accompanied by ventricular muscle thickening,
which primarily involves the left ventricle and the interventricular septum (1). Patients with HCM suffer a higher risk of developing heart failure and ventricular arrhythmias than the normal
population, and accumulating increasing evidence suggests that
HCM is the leading cause of sudden cardiac death in young individuals (2). Obstruction of flow in the left ventricular outflow
tract (LVOT) is detected in approximately 70% of patients with

HCM, referred to as hypertrophic obstructive cardiomyopathy
(HOCM) (3). Although medical treatment can provide relief of
symptoms, a considerable proportion of patients with HOCM remain symptomatic, for whom invasive treatment (primarily surgical septum myectomy) is a reputable treatment option (4, 5). For
more than 40 years, surgical septum resection as the primary
treatment approach for patients with HOCM has been effectively
implemented, and a large number of long-term symptomatic
and hemodynamic benefits can be obtained from the operation
(6-9). Surgical septum myectomy is considered as a gold standard strategy for relieving refractory symptoms in patients with
HOCM. However, surgical myectomy is generally performed in
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large medical centers where not all patients can have access,
and the beneficial effect on long-term survival still remains a
question that requires more clinical evidence than drug-managed patients with HOCM. In this study, we compared the longterm results of a series of major surgeries with those of patients
with HOCM treated with a group of drugs and the expected survival rates of patients with nonobstructive HCM. We attempted
to explore whether the improvement in LVOT obstruction by
surgical septum myectomy has clinical benefits other than improving the quality of life. Herein, we report our comprehensive
experience of both procedures, including perioperative complications, survival, and clinical outcome.

Methods
Ethics statement
This study was conducted in accordance with the ethical
standards of the Declaration of Helsinki and China’s clinical
practice regulations and guidelines. It was also approved by
the Ethics Committee of Zhengzhou University People’s Hospital (Henan Provincial People’s Hospital, the Central China Fuwai
Hospital, and Central China Branch of the National Cardiovascular Center; these four institutions are the same organization).
Before the start of the study, written informed consents were
obtained from all participants.
Study patients
All patients in this study were evaluated at Zhengzhou University People’s Hospital between October 1, 2009, and December 31, 2012. There were 552 patients (age ≥16 years) diagnosed
with HCM, including 380 patients with HOCM and 172 patients
with nonobstructive HCM. Patients with complete clinical information and medical history details, as well as those with any
heart or systemic disease that significantly enlarged the magnitude of evident hypertrophy, such as uncontrolled hypertension
(blood pressure monitoring ≥140/90 mm Hg), cardiac valve disease, amyloidosis, and congenital heart disease, were selected.
Among these patients, 194 patients with HOCM accepted to undergo surgical myectomy. The diagnosis of HCM was made as
described previously as follows (10-12): 1, wall thickness of one
or more left ventricular myocardial segments ≥15 mm, measured
by any imaging technique (echocardiography, computed tomography, or cardiac magnetic resonance imaging); 2, wall thickness
(13–14 mm) with family history, electrocardiogram (ECG) abnormalities, noncardiac symptoms and signs, laboratory tests, and
multimodality cardiac imaging; 3, diagnosis of HOCM, in addition
to the two requirements of appeal, the following criteria must be
met: patients with LVOT obstruction were diagnosed based on
dynamic LVOT obstruction caused by anterior systolic displacement of mitral valve, with LVOT gradient ≥30 mm Hg at rest or during physiological provocation (such as the Valsalva maneuver,
standing, and exercise). Significant dynamic LVOT obstruction
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was recorded by two-dimensional and Doppler echocardiography or, in the case of insufficient echocardiography, through
invasive hemodynamic catheterization.
Despite maximum tolerance to medication, invasive therapy
should be considered in patients with resting or irritating, moderate-to-severe symptoms [New York Heart Association (NYHA)
≥ III–IV] and/or recurrent exertional syncope to reduce the left
ventricular oxygen saturation gradient of 50 mm Hg. After discussing the benefits and risks of each option, the choice of surgical resection was made through a common decision-making
process.
Follow-up and endpoints
The follow-up began at the time of the first clinic contact
of the patients after October 1, 2009, at Zhengzhou University
People’s Hospital. At baseline, all patients were assessed for the
following characteristics: age, sex, maximum left ventricular wall
thickness, maximum LVOT gradient, NYHA functional class, left
ventricular function, atrial fibrillation, and conventional risk factors for sudden cardiac death.
The primary end point of this study was all-cause mortality
during the long-term follow-up. Mortality and adverse events
were retrieved from hospital patient records, civil service
population registrations, and information provided by patients
themselves and/or their general practitioners at the follow-up
centers. Patients who lost to follow-up were reviewed the last
time they contacted them. If no incident occurred during the
follow-up, the date of administrative review was set as December 31, 2012.
Data analysis
The SPSS 21.0 statistical software package for Windows
was used for statistical analysis. Normally distributed variables were presented as mean±SD and compared using independent samples t-test or one-way ANOVA. Non-normally distributed variables were analyzed using the Kruskal–Wallis test
and expressed as median values with interquartile range (IQR).
Categorical variables were expressed as frequencies and percentages. The chi-square test was used to compare categorical
variables. The hazard ratio (HR) was estimated by the Cox proportional hazard model. The Kaplan–Meier analysis was used to
determine the cumulative survival of different groups. A p value
<0.05 was considered to be statistically significant.

Results
Characteristics of study population and baseline clinical
characteristics
From October 1, 2009, to December 31, 2012, a total of 552
consecutive patients with HCM (aged ≥16 years) were admitted
to Zhengzhou University People’s Hospital, who included 380
patients with HOCM and 172 patients with nonobstructive HCM.
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LVOT gradient, mm Hg

Among the 380 patients with HOCM, 194 accepted to undergo
surgical myectomy, and the remaining 186 patients with HOCM
were medically managed. The 172 patients with nonobstructive HCM, without invasive treatment, accepted to receive the
conventional method of medical management. Table 1 shows
the baseline characteristics of the three treatment groups. According to the choice of treatment measures, the population was
divided into three groups. The myotomy group had the highest
NT-ProBNP level, the highest NYHA Class III or IV, the lowest
systolic blood pressure/diastolic blood pressure, and the lowest
incidence of atrial fibrillation or nonpersistent ventricular tachycardia. (We have separately listed the use of anticoagulants in
patients with HCM complicated with atrial fibrillation as supplementary materials in Supplement Table 1).
The interventricular septal thickness LVOT pressure difference (resting state) and the LVOT pressure difference (physiological stimulation) in the myotomy group were slightly higher
than those in the other two groups. Significant differences were
noted in sex, history of hypertension, history of diabetes, history of dyslipidemia, and history of medication among the three
groups. Age, smoking, family history, HCM, NYHA grade, and
body mass index level showed no significant differences among
the three groups.
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Figure 1. The average LVOT gradient before and after surgical septum
myectomy
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Clinical benefits of myectomy
In the myectomy group, the symptoms and hemodynamics
were significantly improved after myectomy. The mean resting
outflow gradient decreased from 80.47±31.31 to 17.51±14.00 mm
Hg (7 days after operation) and 15.05±14.39 mm Hg (1 year after
operation) (Fig. 1).
Survival comparisons in patients with HOCM
Among patients with LVOT obstruction (n=380), the overall survival rate of patients undergoing myomectomy was significantly better than that of patients with nonoperative HOCM
(log-rank p<0.001, Fig. 2). Baseline parameters that showed a
significant univariate correlation with survival included myotomy
(HR: 0.119; 95% CI: 0.036–0.396, p=0.001), age (HR: 1.095; 95% CI:
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Figure 2. Event-free survival

Supplement Table 1. The use of anticoagulants in HCM patients with atrial fibrillation
Total

Myectomy group

Nonoperated obstructive group

Nonobstructive group

Atrial fibrillation

101

20

37

44

Warfarin

37

8

12

17

Dabigatran etexilate

2

0

1

1

Rivaroxaban

1

0

1

0

Bayaspirin+Clopidogrel

4

1

1

2

Warfarin+Bayaspirin+Clopidogrel

1

0

0

1

Warfarin+Bayaspirin

1

0

1

0

Bayaspirin

29

5

13

11

No anticoagulant or antiplatelet drugs

26

6

8

12

221 (38.2%)
101 (18.3%)
31 (5.6%)
142 (25.7%)
24 (4.3%)
73 (13.2%)

Dyslipidemia, n (%)

Atrial fibrillation, n (%)

Nonsustained ventricular tachycardia, n (%)

Coronary artery disease, n (%)

Clearly family history of HCM, n (%)

NYHA Class III or IV, n (%)

11.00 (10.00, 13.00)
67.00 (60.00, 72.00)
52.00 (10.20, 86.00)

LV posterior wall thickness (mm)

LV ejection fraction (%)

LV outflow tract gradient, at rest (mmHg)

22 (11.3%)
5 (2.6%)

103 (18.7%)
128 (23.2%)
149 (27.0%)
34 (6.2%)

Statin, n (%)

Calcium antagonist, n (%)

Implantable cardioverter defibrillator/pacemaker

17 (9.1%)

64 (34.4%)

44 (23.7%)

31 (16.7%)

113 (60.8%)

89.71±48.15

57.80 (36.00, 88.00)

70.00 (65.00, 75.00)

11.00 (10.00, 14.00)

42.00 (39.00, 46.00)

18.00 (16.00, 23.00)

22 (11.8%)

22 (11.9%)

8 (4.3%)

46 (24.7%)

9 (4.8%)

37 (19.9%)

81 (43.5%)

13 (7.0%)

91 (48.9%)

74.91 (64.42, 86.40)

1185.30 (689.50, 2149.00)

80.00 (70.00, 80.00)

120.00 (120.00, 137.00)

94 (50.5%)

26.03±4.60

115 (61.8%)

54.31±13.18

(n=186)

Nonoperated obstructive

12 (7.0%)

63 (36.6%)

71 (41.3%)

64 (37.2%)

123 (71.5%)

--

6.80 (4.80,9.00)

65.00 (60.00, 70.00)

11.00 (10.00, 12.00)

45.00 (41.00, 49.00)

18.00 (16.00, 21.00)

5 (2.9%)

17 (9.9%)

8 (4.7%)

69 (40.1%)

19 (11.0%)

44 (25.6%)

96 (55.8%)

32 (18.6%)

89 (51.7%)

82.30 (71.52, 96.12)

1076.20 (657.30, 1953.30)

80.00 (70.00, 80.00)

125.00 (120.00, 140.00)

91 (52.9%)

25.91±3.52

128 (74.4%)

57.74±11.97

(n=172)

Nonobstructive

0.012

<0.001

<0.001

<0.001

<0.001

--

<0.001

<0.001

<0.001

<0.001

0.018

<0.001

0.246

0.970

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.004

<0.001

<0.001

0.441

0.252

0.016

0.051

P value
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Values are mean±SD or interquartile range (IQR), n (%).
BMI - body mass index; NT-proBNP - N-terminal pro-brain natriuretic peptide; Cr - serum creatinine; BP - blood pressure; NYHA - New York Heart Association; LV - left ventricle; ACEI/ARB - angiotensin-converting enzyme inhibitor/
angiotensin receptor blocker

13 (6.7%)

8 (4.1%)

330 (59.8%)

ACEI/ARB, n (%)

94 (48.5%)

108.94±39.02

81.00 (58.00, 100.00)

65.00 (60.00, 70.00)

12.00 (10.00, 14.00)

42.00 (39.00, 46.00)

20.00 (16.75, 23.00)

68 (35.1%)

34 (17.5%)

8 (4.1%)

27 (13.9%)

3 (1.5%)

20 (10.3%)

34 (17.5%)

3 (1.5%)

38 (19.6%)

75.98 (65.33, 92.64)

1534.10 (972.63, 2584.90)

70.00(60.00, 80.00)

105.00 (120.00, 125.00)

90 (46.4%)

25.10±3.79

120 (61.9%)

46.139±11.73

Beta-blocker, n (%)

Medications

provocation (mm Hg)

96.05±46.18

43.00 (39.00, 47.00)

LV end-diastolic diameter (mm)

LV outflow tract gradient, during physiological

19.00 (16.00, 22.00)

Interventricular septal thickness (mm)

Mitral regurgitation (Moderate and severe), n (%)

95 (17.2%)

48 (8.7%)

Echocardiography

221 (40.0%)

Diabetes mellitus, n (%)

77.65 (67.15, 92.41)

Hypertension, n (%)

Comorbidities and risk factors

Cr (µmol/L)

75.00 (70.00, 80.00)
1312.80 (741.48, 2285.77)

NT-proBNP (fmol/mL)

275 (49.8%)

Smoking, n (%)

Diastolic BP (mm Hg)

25.63±4.00

BMI (kg/m2)
120.00 (110.00, 130.00)

363 (65.8%)

Male, n (%)

Systolic BP (mm Hg)

52.51±13.23

(n=194)

Age, y

Demographics

Myectomy

Total
(n=552)

Table 1. Baseline clinical and demographic characteristics of the three hypertrophic cardiomyopathy patient subgroups
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1.095–1.131, p<0.001), previous atrial fibrillation (AF) (HR: 3.680;
95% CI: 1.669–8.113, p=0.001), NT-proBNP (100 fmol/mL) (HR:
1.034; 95% CI: 1.018–1.051, p<0.001), Cr (µmol/L) (HR: 1.015; 95%
CI: 1.002–1.028, p=0.02), and LV ejection fraction (HR: 0.964; 95%
CI: 1.018–1.051, p<0.001) (Table 2). When these variables were
entered into the multivariate model, the only independent predictors of survival were myectomy (HR: 0.109; 95% CI: 0.013–0.877,
p<0.037), age (HR: 1.047; 95% CI: 1.007–1.088, p=0.021), and previous AF (HR: 2.659; 95% CI: 1.022–6.919, p=0.021) (Table 2).
Survival after myectomy
During the median follow-up period of 55.82±11.39 months, 3
patients (1.5%) died, including 1 patient (0.5%) who died of operation and the other 2 cases may have died of myocardial infarction (cardiogenic death). The average age at death was 50±17
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years (range, 31–61 years), and death occurred at 25.19±23.49
months (range, 0.37–47.07 months) after myectomy (Table 3).
Survival comparisons including patients with obstructive
and nonobstructive HCM
The survival of patients with obstructive hypertrophic myocardial infarction and that of patients with nonobstructive hypertrophic myocardial infarction were compared. Results showed
that compared with patients with nonobstructive HCM, the
myectomy group of patients showed no statistical difference in
the overall survival (p=0.514) (Fig. 2). Among the three groups,
patients with nonoperated HOCM suffered the highest risk of
reaching the all-cause mortality (Fig. 2; vs. myectomy group,
p<0.001, by log-rank test; vs. nonobstructive HCM group, p<0.001,
by log-rank test).

Table 2. Univariate Cox analysis and multivariate Cox analysis for all-cause mortality in patients with HOCM
Parameter

Age

Univariate		Multivariate
HR (95% CI)

P value

HR (95% CI)

P value

1.095 (1.059, 1.131)

<0.001

1.047 (1.007, 1.088)

0.021

Male

0.536 (0.248, 1.157)

0.112

--

--

Previous AF

3.680 (1.669, 8.113)

0.001

2.659 (1.022, 6.919)

0.045

Coronary artery disease

1.034 (0.534, 2.271)

0.794

--

--

Nonsustained ventricular tachycardia

1.479 (0.200, 10.923)

0.701

--

--

NT-proBNP (100 fmol/mL)

1.034 (1.018, 1.051)

<0.001

1.030 (1.006, 1.054)

0.097

Cr (µmol/L)

1.015 (1.002, 1.028)

0.02

1.000 (0.949, 1.017)

0.987

Baseline septal thickness, mm

0.952 (0.880, 1.031)

0.226

--

--

LV ejection fraction (%)

0.964 (0.934, 0.994)

<0.001

0.990 (0.949, 1.033)

0.646

LV end-diastolic diameter (mm)

1.049 (0.998, 1.102)

0.058

--

--

Myectomy

0.119 (0.036, 0.396)

0.001

0.109 (0.013, 0.877)

0.037

NT-proBNP - N-terminal pro-brain natriuretic peptide; Cr - serum creatinine; LV - left ventricle

Table 3. Clinical outcome at the end of study

Follow-up duration, Mos.
Periprocedural death

Total

Myectomy

Nonoperated obstructive

Nonobstructive

P value

(n=552)

(n=194)

(n=186)

(n=172)

57.57±13.71

55.82±11.39

55.58±17.28

61.46±11.07

<0.001

1 (<1%)

1 (<1%)

0

0

--

21 (3.8%)

2 (1.0%)

14 (7.5%)

5 (2.9%)

--

Stroke

2 (<1%)

0

2

0

--

Unexplained death

7 (1.2%)

0

7 (3.8%)

0

--

31 (5.6%)

3 (1.5%)

23 (12.4%)

5 (2.9%)

<0.001

Cardiac death

(The patients died outside the
hospital, and the family members
could not provide the details of
the patient’s death.)
All-cause mortality
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Discussion
In this long-term survival study, we compared the prognoses
of patients with HOCM after myectomy, patients with nonoperated HOCM, and patients with nonobstructive HCM. Among the
three groups, the myectomy group was associated with a lower
rate of reaching the all-cause mortality and demonstrated statistically indistinguishable overall survival compared with patients
with nonobstructive HCM (p=0.514). Among patients with LVOT
obstruction, the overall survival of patients in the myectomy group
was significantly better than that of patients with nonoperated
HOCM (log-rank p<0.001, Fig. 2). The parameters with a significant
univariate association with survival included myectomy, age, previous AF, NT-proBNP, Cr (HR: 1.015; 95% CI: 1.002–1.028, p=0.02),
and LV ejection fraction, When these variables were entered into
the multivariate model, the only independent predictors of survival
were myectomy (HR: 0.109; 95% CI: 0.013–0.877, p<0.037), age (HR:
1.047; 95% CI: 1.007–1.088, p=0.021), and previous AF (HR: 2.659;
95% CI: 1.022–6.919, p=0.021). The LVOT gradient of patients with
HOCM showed significant amelioration after myectomy, and this
improvement acted quickly and persistently (Fig. 1).
Hemodynamic and clinical results were consistent, in all respects, with those observed at other established HCM centers
with longstanding myectomy programs (5, 13-19). For example,
the LVOT obstruction basically disappeared, and in patients with
a small gradient of 1.2±6.8 mm Hg, 94% of them showed improvement in the NYHA function in grade I or II due to the normalization of intraventricular LV pressure and the decrease of related
mitral regurgitation. In addition, compared with obstruction, the
clinical improvement after myectomy was comparable in resting
patients, similar to previous surgical experience. Therefore, it is
important to emphasize that when operated by experienced surgeons, muscle resection can continuously reverse the process
of heart failure, generally returning the patients to normal (or
near-normal) levels of activity and quality of life. A small number
of clinically unresponsive patients who did not respond to myectomy were defined as patients with persistent postoperative
NYHA III symptoms, although the surgery alleviated the outflow
gradient. The determinant of this clinical process has not yet
been completely resolved, but it is probably due to the primary
role of diastolic dysfunction in symptom development. As a result of accumulated experience and improved myocardial protection techniques, the surgical mortality associated with myectomy has been significantly reduced from the initial surgical
report (13). At present, in experienced centers, the procedural
risk is 1%–2%, in fact, close to 0% in recent patients (20-25). In
this study, periprocedural death occurred in one patient (0.5%),
and approached to previous reports (13, 17). Furthermore, the
long-term survival rate of patients with HOCM after myectomy
was high, equivalent to the survival rate of patients with nonobstructive HCM. It is also reasonable to assume that heart failure
will inevitably develop into death and/or severe disability. These
data confirm that myectomy conveys the benefits of survival by
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alleviating the impedance of outflow and normalizing left ventricular pressure and mitral regurgitation.
Inevitably, it is impossible to strictly match myectomy and
nonsurgical patients. However, we believe that statistical comparisons and conclusions are effective and clinically relevant.
First, there was no significant difference in postoperative survival between patients with myotomy and patients with nonobstructive HCM. Second, the multivariate analysis clearly identified
myectomy as a powerful, independent determinant of survival,
confirming that the differences in long-term survival recorded
here may be due to surgical relief of the LVOT gradient. Third, despite the significant aggravation of preoperative symptoms, the
long-term survival rate of patients undergoing myectomy was
much higher than that of patients with nonoperated HOCM with
fewer symptoms.
Study limitations
Like all previous studies that evaluated myotomy, this investigation is a nonrandomized observational study. In particular,
there is a significant difference in the average age among the
three groups, indicating that selection bias plays a major role.
One of the advantages of this study is the long-term follow-up and
data integrity. An extensive search was conducted for all hospital records and surgical reports of all patients, and the examination of complications was completed. A questionnaire survey
and telephone consultation, if necessary, were used to obtain
more objective results of the patients’ symptom status during late
follow-up. Finally, unlike several other studies, the advantage of
this research is that perioperative complications and long-term
results are analyzed in a single study. Since the direct cause of
death was not available to us in some cases, we were not able to
assess the survival rate of specific HCM-related deaths.

Conclusion
Patients with HOCM undergoing myectomy appeared to suffer from a lower risk of reaching the all-cause mortality and
demonstrated statistically indistinguishable overall survival
compared with patients with nonobstructive HCM. Multivariate analysis clearly demonstrated myectomy as a powerful, independent factor of survival, confirming that the differences in
long-term survival recorded in this study may be due to surgical
improvement in the LVOT gradient.
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