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Background: Management of hypertrophic obstructive cardiomyopathy (HOCM) has evolved
considerably over the last fifty years, and includes medical treatment as well as septal myectomy (SM) to
relief symptoms caused by left ventricular outflow tract obstruction (LVOTO). We report the Leipzig Heart
Center experience in the surgical management of patients with HOCM.
Methods: We collected data from all patient treated surgically with a myectomy for LVOTO in patients
with HOCM between 1997 and 2016. Patients with absent data were excluded from our analysis. All data
were obtained from our surgical database and analyzed retrospectively.
Results: We identified 115 patients who underwent surgical treatment for HOCM, where a male:female
ratio of 1.1:1, a mean age of 60.8±14.6 years and a body mass index of 27.7±4.5 were observed. The most
common symptom was dyspnea (n=102). Of all patients, 50% had New York Heart Association (NYHA) III
class symptoms. Arterial hypertension was the most common comorbidity (n=80). Preoperative transthoracic
echocardiography showed a mean ejection fraction (EF) of 65.9%±9.7%, median septal thickness of
21.1±5.3 mm, systolic anterior motion of the mitral valve (MV) in 61.7% of patients, and mean LVOT
gradient of 70.1±45.2 mmHg. Surgery resulted in a mean decrease of the septal thickness by 15±3.7 mm and
LVOT gradient by 9.7±8.5 mmHg. Isolated SM was carried out on 20 patients. Postoperatively, we were
able to notice a significant improvement in NYHA classification, in which patients with NYHA III benefitted
most from SM. Long-term follow-up data up to 11.3±0.7 years were available for 114 patients. During
follow-up, 16 patients died, and one patient was lost to follow up.
Conclusions: Surgical treatment of LVOT in patients with HOCM is an effective intervention that
improves cardiac function and quality of life (QoL) and is associated with a low operative risk.
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Introduction
Functional obstruction of the left ventricle (LV) was
first mentioned by RC Brock in 1957 (1). Hypertrophic
cardiomyopathy (HCM) is a descriptive term for
cardiomyopathies with myocardial thickness ≥15 mm
in one or more myocardial LV segments (2). Around
60% of HCM are autosomal dominant and are caused
by mutations of the cardiac sarcomere protein. Other
causes of hypertrophy include metabolic storage disease,
neuromuscular disorders and non-genetic diseases such as
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transthyretin amyloidosis. The prevalence is estimated at
0.02% of adults in the developed world (3). HCM affects
both genders with a small male preponderance (4). Left
ventricular outflow tract obstruction (LVOTO) is defined
as ventricular gradient of greater than 30 mmHg. It occurs
in 25% of hypertrophic cardiomyopathies at rest (5) and can
affect an additional 30% of patients during exercise (dynamic
LVOTO) (2). Obstruction is caused either by hypertrophied
myocardium or systolic anterior movement (SAM) of
the mitral valve (MV) leaflet. Symptoms of outflow
obstruction usually occur at gradients greater than 50
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mmHg, which include dyspnea, chest pain and syncope (6).
HCM may cause arrhythmias, heart failure and sudden
cardiac death. The annual incidence of sudden cardiac death
in patients with HCM is 1–2% (2), and is the most common
cause of sudden death in young competitive athletes (7,8).
If the LVOTO exceeds a gradient of 50 mmHg at rest or
under exercise, stress echocardiography in symptomatic
patients and invasive therapy of LVOTO should be
considered. Over the last few years, transcoronary ablation
of septal hypertrophy (TASH) has been established as an
alternative to septal myectomy (SM). Although surgical and
septal ablation have not been compared in a randomized
trial, the general consensus is that surgical treatment
should be offered to patients with significant septal thickness
(>17 mm) and additional valvular pathologies or coronary
artery disease that could be addressed at the same time (6,9).
In 1961, Morrow and Brockenbrough described the surgical
treatment of hypertrophic obstructive cardiomyopathy
(HOCM) (10). In this article, we report our single-center
experience in the surgical management of HOCM.
Methods
We searched the surgical database for patients who
underwent SM at our institution between 1997 and 2016.
Patients, who underwent myocardial resections for other
reasons than HCM were excluded from the analysis. Patient
demographics, investigations and treatments were obtained
from our database. HOCM was diagnosed by transthoracic
echocardiography. Pre- and postoperative transthoracic
echocardiographic data were acquired and analyzed by an
experienced echocardiographer using current guidelines to
assess cardiac function (11). The degree of myectomy to
relieve LVOT is varied upon the extent and the nature of
the obstruction, ranging from local subaortic to extensive
myectomy of nearly the entire LV cavity (10,12).
All patients underwent myectomy under cardiopulmonary
bypass (CPB). Intraoperative transthoracic echocardiography
was used to monitor the extent and level of LVOT, septal
thickness and possible abnormalities of the MV after
weaning from CPB. Follow up data was collected through
telephone interviews at various postoperative time points to
establish whether the patients were alive or dead. Patients
with absent data were excluded from our analysis.
Statistical analysis
Standard definitions were used for patient variables
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and outcomes. Categorical variables were expressed as
percentages, and continuous variables as mean ± SD (range).
All statistical analyses were performed using IBM SPSS v.
24.0 software (IBM Corp., New York, USA). Comparisons
of the preoperative and follow-up results were performed
using a two-paired t-test and the Wilcoxon signed rank test
respectively. Long-term survival of groups was evaluated
and compared using the Kaplan-Meier Survival plot and the
log-rank test. A two-sided P value <0.05 was considered to
be statistically significant.
Results
From 1997 to 2016, 564 consecutive patients underwent
SM at our institution. Of these patients, 441 had myocardial
resections combined with aortic valve surgery for aortic
stenosis and were therefore excluded for the current
analysis. Eight patients with HOCM were excluded due to
absence of data. We analyzed the remaining 115 patients
that underwent surgical intervention for LVOTO due to
HOCM or HOCM with concomitant procedures such as
MV surgery, aortic valve surgery or coronary artery bypass
grafting (CABG).
Table 1 describes patient characteristics, preoperative
symptoms and cardiac medications. There were more males
that underwent the operation (52.2%), with a mean age of
60.8±14.6 years and a body mass index of 27.7±4.5. About
half of the patients were preoperatively treated with betablocker or calcium channel antagonists. Nearly all patients
suffered from dyspnea (n=102, 93%), whereas chest pain
or syncope were reported less frequently (40.5% vs. 8.1%,
respectively). The degree of exertional dyspnea ranged
from none to New York Heart Association (NYHA) class
4, but most patients had NYHA class 3 symptoms (50%)
(Table 2). Arterial hypertension and atrial fibrillation were
common comorbidities. Table 3 demonstrates the variety
of operations that were performed in conjunction with the
myectomy. Only one in five patients underwent isolated
myectomy, and the most common concomitant operation
was MV surgery (n=71; 61.7%). Table 4 shows pre and
postoperative echocardiography data. Due to inconsistent
follow-up, complete data sets were not available for all 115
patients. Preoperative data demonstrated that the average
patient had a normal ejection fraction (EF) with increased
LV thickness, left atrial size and LVOT gradient. There
was also a significant degree of MV insufficiency.
Complete (n=95) or a partial sternotomy (n=20) was done
to obtain access to the heart. One patient was converted
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Table 1 Patient characteristics

Table 2 postoperative NYHA class

Variables

Values

NYHA

Value, n (%)

Age (years)

60.8±14.6

I

28 (42.0)

Gender (female)

55/115 (47.8%)

II

19 (31.9)

27.7±4.5

III

10 (15.9)

IV

7 (10.1)

2

BMI (kg/m )
Comorbidities
Hypertension

80/113 (71.4%)

Atrial fibrillation

34/69 (29.8 %)
Table 3 Concomitant procedures (n=114)

Medical therapy
Beta-blocker

56/109 (51.9%)

Calcium channel blocker

58/109 (53.7%)

Symptoms
Dyspnea

102/111 (91.9%)

Chest pain

45/111 (40.5%)

Syncope

9/111 (8.1%)

NYHA class
I

6/111 (5.7%)

II

41/111 (36.8%)

III

56/111 (50%)

IV

8/111 (7.5%)

Procedure

Value, n (%)

Isolated myectomy

21 (18.2)

In combination with CABG

7 (6.1)

MV repair

35 (30.4)

MV replacement

27 (23.4)

CABG and MV surgery

10 (8.6)

AV replacement

4 (3.4)

CABG and AV surgery

4 (3.4)

CABG and double valve surgery

2 (1.7)

Double valve surgery

4 (3.4)

Table 4 Echocardiographic data
Variables

Preoperative

Postoperative

P value

All patients

65.9%±9.7% (n=106)

59.2±9% (n=86)

0.001

Patients with pre- and postoperative data

66.8% (n=80)

58.7% (n=80)

All patients

20.9±5.3 mm (n=89)

15.1±3.7 mm (n=90)

Patients with pre- and postoperative data

21.3 mm (n=75)

15.5 mm (n=75)

Left ventricular outflow tract gradient (mmHg)

70.1±45.2

9.7±8.5

Systolic anterior motion

96 (74%)

0

0 (none)

11/110 (10.00%)

59/88 (67.04%)

1 (trace)

31/110 (28.20%)

25/88 (28.40%)

2 (mild)

26/110 (23.60%)

2/88 (2.30%)

3 (moderate)

39/110 (35.50%)

1/88 (1.10%)

4 (severe)

3/110 (2.70%)

1/88 (1.10%)

Ejection fraction

Interventricular wall thickness (mm)
0.029

Mital regurgitation grade
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Survival
Censored

Probability of survival

1.0
0.8
0.6
0.4
0.2
0.0
0.00

2.00

4.00

6.00

8.00

Years
Number at risk: 113

62

44

34

15

Figure 1 Kaplan-Meier curve depicting survival over time.

intraoperatively from partial to complete sternotomy.
CPB was used at normothermia or mild hypothermia for
all our surgical procedures. Mean CPB time was 113.5±
66.9 minutes. Myocardial protection consisted of blood
cardioplegia or crystalloid cardioplegia (Bretschneider, Dr
Franz Köhler Chemie GmbH, Bensheim, Germany).
Five patients required a second operation. Reasons
for this were bleeding in two patients, residual mitral
regurgitation in two other patients and AV-dissection
in another patient. Postoperative complete heart block
requiring permanent pacemaker implantation occurred in
17 patients (14.8%). Eleven of these patients underwent
SM and valve surgery, five patients underwent isolated SM
and one patient underwent SM and CABG. Two patients
had a defibrillator implanted. No intraoperative mortality
was recorded, however, 8 (6.9%) patients died during their
hospital stay. Apart from one patient, all others underwent
combined SM and MV surgery. The cause of death was
varied—five patients died from low cardiac output, two
patients from sepsis, one from pulmonary hemorrhage.
Eight patients did not have a clear cause of death. Longterm follow-up data up to 11.3±0.7 years were available
for 114 patients (99.1%). During follow-up 16 patients
(14%) died.
Figure 1 depicts the Kaplan-Meier curve, where the
1, 5 and 8-year survival rates were 90%, 89% and 80%,
respectively.
Surgical outcome measured by echocardiography is
shown in Table 3. A significant reduction in wall thickness,
degree of mitral regurgitation and LVOT gradient are
observed. Systolic anterior motion disappeared in 98% of
patients.
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Discussion
In patients with HOCM, pharmacotherapy is administered
to improve functional capacity, reduce symptoms and
prevent disease progression (2). If symptoms persist despite
medical treatment, SM, alcohol ablation or pacing will then
be considered. Medical treatment of symptomatic LVOTO
includes non-vasodilating beta-blocker as a first-line agent
and disopyramide as a second-line agent. Verapamil can be
given in patients who do not tolerate beta-blockers. Low
dose thiazide diuretics can also be given to reduce dyspnea,
however it should be used cautiously to avoid hypovolemia.
Dual-chamber pacing may be considered in addition to
medical therapy, however there have been no real benefits
reported in regards to clinically relevant endpoints
(13,14). TASH has been established over the last years. In
experienced centers, TASH has been shown to have similar
outcomes to surgical myectomy, with AV-block being the
most common complication (7–20%) (15). In 1968, Morrow
described SM as a procedure with good postoperative
clinical and hemodynamic results (16). SM has been shown
to improve quality of life (QoL) and exercise capacity (17).
Resection of the septal myocardium alone has been shown
to improve mitral regurgitation even when the MV is
not operated at the same time (18). Surgical mortality for
myectomy with mitral intervention has been reported to be
around 3–4% (19).
In this article, we describe the outcomes for surgical
myectomy for patients with symptomatic HOCM over the
last 20 years at the Leipzig Heart Center. The operative
access route and approach varied depending on the extent
of the hypertrophied myocardium. Whenever possible we
used the minimally invasive approach; however, we were
required to convert to a sternotomy in one patient. Our
analysis showed that SM is an effective treatment to reduce
the LVOTO as well as the degree of mitral regurgitation.
Myectomy has previously been shown to improve NYHA
functional class (20). The rate of complications in our
center has been very low. No iatrogenic aortic regurgitation
occurred. Only two patients showed a ventricular septal
defect (VSD). Compared to published data our reoperation
rate was also low (4.3%) (21).
Mortality has been reported to be as high as 6% in
centers with low surgical experience (22). However,
increasing surgical expertise has been shown to correlate
with a much better survival rates (23). Our intra-hospital
mortality was 0.8% for patients with isolated myectomy and
6.1% for patients with myectomy and mitral intervention,
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which is comparable to published data (24). In-hospital
mortality rate has been shown to increase with the
complexity of the procedure (21). Furthermore, increased
late mortality has been observed in patients who underwent
myectomy and additional coronary revascularization or
valve replacement (25). On the other hand, studies could
demonstrate that the mortality rate after myectomy was
similar to a sex- and age-matched general population (20).
In our series we had more AV-blocks requiring pacing
compared to other centers (26). A possible explanation
for this could be the high rate of concomitant operations
that were carried out in our center. Schoendube et al. have
also noticed this correlation (26). Heric et al. described
that patients undergoing pacemaker implantation after
myectomy had a similar outcome compared to those who
did not require pacing (21).
In conclusion, SM is a safe and effective method to
reduce the LVOT gradient in patients with HOCM, and
therefore relieve symptoms and increase QoL.
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Limitations
Limits of the present study include those inherent to
an observational retrospective analysis. As the data was
retrieved from our database and not collected as a part of
a prospective study, some patients did not have complete
follow-up data and were excluded from analysis.
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