
1Scientific RepoRts | 6:29031 | DOI: 10.1038/srep29031

www.nature.com/scientificreports

Outcomes of an extended Morrow  
procedure without a concomitant 
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Yun Liu*, Yunhu Song*, Ge Gao, Jun Ran, Wenjun Su, Haojie Li, Yajie Tang, Fujian Duan & 
Hansong Sun

The indications for a concomitant mitral valve (MV) procedure remain controversial for patients with 
hypertrophic obstructive cardiomyopathy (HOCM). According to previous studies, a concomitant MV 
surgery was required in 11–20% of inpatient operations. Thus, we aimed to study the outcomes of 
an extended Morrow procedure without a concomitant MV procedure for HOCM patients who had 
no intrinsic abnormalities of the MV apparatus. We retrospectively reviewed 232 consecutive HOCM 
patients who underwent extended Morrow procedures from January 2010 to October 2014. Only 
10 (4.31%) patients with intrinsic MV diseases underwent concomitant MV procedures. Of the 232 
patients, 230 had no to mild mitral regurgitation (MR) postoperatively. We separated the 232 patients 
into two groups according to preoperative MR degree. One group is mild MR, and the other is moderate 
or severe MR. The three-month, one-year, and three-year composite end-point event-free survival rates 
had no difference between two groups (p = 0.820). When we separated the patients to postoperative 
no or trace MR group and mild MR group, there was also no difference on survival rates (p = 0.830). In 
conclusion, concomitant mitral valve procedures are not necessary for HOCM patients with MR caused 
by systolic anterior motion, even moderate to severe extent.

Hypertrophic cardiomyopathy has been recognized as the most common heritable cardiovascular disease, which 
affects one in 500 individuals1,2. Obstructive hypertrophic cardiomyopathy (HOCM) is one form of hypertrophic 
cardiomyopathy accompanied by the obstruction of the left ventricular outflow tract (LVOT). LVOT obstruction 
is an independent predictor of adverse outcomes3. A surgical septal myectomy is currently considered the gold 
standard treatment for HOCM patients with severe symptoms unresponsive to maximum-tolerated drug ther-
apy4. Surgical procedures can successfully relieve a LVOT pressure gradient and associated mitral regurgitation 
(MR), which provide satisfactory long-term prognosis5.

However, the relative scarcity of experienced surgeons capable of performing a septal myectomy in develop-
ing countries impedes the expansion of this operation6. From January 2010 to October 2014, the surgical team 
of the ninth department of surgery in Fuwai hospital completed 232 consecutive extended Morrow procedures. 
Concomitant mitral valve (MV) procedures were not performed when there was no intrinsic MV pathological 
change or MR was caused by systolic anterior motion (SAM). Only 10 (4.31%) patients underwent a concomitant 
MV procedure. According to previous studies, a concomitant MV surgery was required in 11–20% of inpatient 
operations. However, evidence for the indication of MV surgery is scarce in these patients. Therefore, the purpose 
of the present study was to evaluate the mid-term effects of an extended Morrow procedure and compare the 
prognosis of patients with different MR stages when a concomitant MV procedure was only conducted in patients 
with pathological intrinsic MV changes. We also tried to identify the predictors of adverse prognosis.
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Results
Baseline characteristics. The baseline characteristics were summarized in Table 1. The study cohort was 
predominantly male (57.8%) with an average age of 47.4 ±  12.2 years. The cohort included 57 (24.6%) patients 
with hypertension that was not clinically severe enough to cause the severe degree of left ventricular asymmetric 
hypertrophy (see Supplementary Table S2). Two hundred and seven (89.2%) of the patients in this study were in 
the New York Heart Association (NYHA) functional class III–IV before the operation. Preoperative atrial fibrilla-
tion (AF) documented by an electrocardiogram was found in 46 (19.8%) patients. Fifteen (6.5%) septal myectomy 
procedures were performed after an alcohol septal ablation for a significant residual LVOT pressure gradient under 
basal conditions or after exercise and heart failure symptoms or syncope refractory to pharmacologic therapy.

The preoperative echocardiographic data were also shown in Table 1. The maximum septum thickness 
was 25.5 ±  6.5 mm, the LVOT pressure gradient was 92.2 ±  26.4 mmHg, and the left atrial dimension was 
41.7 ±  7.2 mm. SAM and MR were observed in all of the patients.

The number of operations distributed unequally during five years and increased tremendously. Concomitant 
procedures were conducted in 69 (29.7%) patients, including coronary artery bypass grafting (CABG) (54), MV 
repair (3), MV replacement (6), CABG and MV replacement both (1), the reduction of right ventricular outflow 
obstruction (2), and others (3). An adjunctive surgical ablation of AF was conducted in only five patients with 
persistent AF. Table 2 shows the number and reasons of the concomitant MV procedures. The mean weight of the 
excised myocardium of the last 90 patients who had surgery was 9.28 ±  3.38 g (Fig. 1).

Perioperative results. There were no deaths within 30 days after the operation (operative mortality, 0%).  
The interventricular septum thickness was significantly reduced from 25.5 ±  6.5 mm before surgery to 
17.1 ±  4.8 mm (P <  0.001) pre-discharge. Simultaneously, the LVOT pressure gradient fell from 92.2 ±  26.4 mmHg 
to 15.2 ±  8.7 mmHg (P <  0.001).

The postmyectomy transesophageal echocardiography intraoperatively identified iatrogenic ventricular sep-
tal defects (VSDs) that were immediately repaired in three (1.3%) patients who were discharged uneventfully. 
A perforation of the anterolateral free wall near the apex contiguous to the anterior septum was created in one 
patient. It was located promptly by the surgeon and was repaired without sequela. Neither iatrogenic injury of the 
MV nor iatrogenic injury of the aortic valve occurred in the 232 procedures. The mean cardiopulmonary bypass 
and aortic cross-clamp times were 83.4 ±  28.7 and 53.9 ±  19.0 minutes. The median, 25th, 75th percentiles for the 
postoperative intubation time were 15 hours, 12 hours, and 18 hours, respectively.

Six (2.6%) patients received new permanent pacemakers before being discharged from the hospital because 
of a CAVB. Of these six patients, two had a preoperative complete right bundle branch block (CRBBB), one 
underwent a concomitant reduction of a right ventricular outflow obstruction, and two had an iatrogenic VSD 
during the operation. Almost all of the patients had no to mild MR postoperatively, except for two patients who 
maintained moderate MR. However, among the 101 patients with mild MR preoperatively, 51 (50.5%) patients 
had no or trace MR, and 49 (48.5%) had mild MR. In contrast, among the 131 patients with moderate to severe 
MR preoperatively, only 39 (29.8%) had no or trace MR, and 91 (69.5%) had mild MR. The patients with mild MR 
preoperatively had less MR postoperatively (p =  0.002).

Follow-up results. The mean clinical follow-up period was 23.8 ±  13.7 months (one to 59 months). A total 
of 228 (98.3%) patients accepted our telephone questionnaire. This group of patients experienced substantial 
symptomatic and hemodynamic improvement after the myectomy. During the follow-up, 193 (83.2%) patients 
remained asymptomatic or minimally symptomatic. The degree of LVOT pressure gradients decreased signifi-
cant compared with the preoperative values (12.9 ±  10.1 mmHg at a recent evaluation, P <  0.001). The left atrial 
dimension fell to 38.7 ±  5.9 mm (P <  0.001). Eleven (4.7%) patients had a residual maximal LVOT pressure gra-
dient > 30 mmHg, and two (0.8%) patients had a residual maximal LVOT pressure gradient > 50 mmHg. These 
appeared to be related to a residual obstruction of an initial myectomy rather than recurrent obstruction from 
muscle regrowth. All of the patients are free from any cardiac reoperation to date. Of the 46 patients with preoper-
ative AF documented by an electrocardiogram, only 26 (56.5%) had a normal sinus rhythm during the follow-up.

To date, only one patient has died. The overall survival was 100% at three months, 100% at one year, and 99.0% at 
three years (Fig. 2a). The one death was a sudden cardiac death occurring 25 months after surgery. This patient was a 
28-year-old woman with a global extreme hypertrophied left ventricular and a 46-mm-thick interventricular septum.

During the follow-up, 16 (6.9%) patients met the composite end-point (Table 3). The three-month, one-year, 
and three-year end-point event-free survival rates were 99.6%, 98.7%, and 88.7%, respectively (Fig. 2b). The most 
common reason for rehospitalization was heart failure symptoms (12, 75.0%). Of the 12 patients, seven were 
rehospitalized only once due to pneumonia and secondary reversible acute heart failure syndrome. Two patients 
had a residual LVOT pressure gradient > 50 mmHg. The other three patients had chronic heart failure and pre-
sented with episodes of decompensation. Of these three patients with chronic heart failure, one had iatrogenic 
VSD and CAVB in operation. One patient had coronary artery disease, and heart failure was always secondary 
to paroxysmal AF. The last patient had a complete left bundle branch block in operation, and there was a gradual 
cardiac enlargement after discharge. Table 3 depicts all of the end-point events.

Comparison between the patients with preoperative mild MR and moderate to severe MR. We 
separated the 232 patients into two groups according to the MR stage before the operation. One group included 
17 patients with severe MR and 114 patients with moderate MR. The other group included 101 patients with mild 
MR. There were no differences in the baseline clinical characteristics between the two groups, except for the left 
atrial diameter, LVOT pressure gradient, and percutaneous transluminal septal myocardial ablation (PTSMA) 
history (Table 1). The three-month, one-year, and three-year composite end-point event-free survival rates were 
100%, 98.5%, 88.0% and 99.0%, 99.0%, 89.6%, respectively for the two groups (Tarone-Ware p =  0.820) (Fig. 3a). 
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Parameters All patients Preoperative mild MR Preoperative moderate or severe MR P Value

Age (yrs) 47.4 ±  12.2 45.9 ±  12.2 48.5 ±  12.2 0.112
Males 57.8 (134/232) 64.4 (65/101) 52.7 (69/131) 0.082
NYHA functional class 0.931
 I 0 (0/232) 0 (0/101) 0 (0/131)
 II 10.8 (25/232) 9.90 (10/101) 11.5 (15/131)
 III 82.8 (192/232) 83.2 (84/101) 82.4 (108/131)
 IV 6.46 (15/232) 6.93 (7/101) 6.11 (8/131)
Atrial fibrillation 19.8 (46/232) 18.8 (19/101) 20.6 (27/131) 0.744
Symptom
 Dyspnea 90.5 (210/232) 87.1 (88/101) 93.1 (122/131) 0.174
 Angina 38.4 (89/232) 44.6 (45/101) 33.6 (44/131) 0.103
 Palpitation 40.5 (94/232) 38.6 (39/101) 42.0 (55/131) 0.686
 Dizziness 45.3 (105/232) 50.5 (51/101) 41.2 (54/131) 0.184
 Syncope 29.3 (68/232) 31.7 (32/101) 27.5 (36/131) 0.561
Echocardiography
 Max septum thickness (mm) 25.5 ±  6.49 25.5 ±  6.68 25.4 ±  6.37 0.968
 Left atrial diameter (mm) 41.7 ±  7.19 40.4 ±  6.69 42.7 ±  7.44 0.018
 LVEDD (mm) 41.2 ±  5.06 40.7 ±  4.81 41.5 ±  5.22 0.232
 LVEF (%) 73.5 ±  6.90 73.8 ±  7.97 73.2 ±  5.97 0.559
 LVOTPG (mmHg) 92.2 ±  26.4 87.1 ±  27.1 96.1 ±  25.4 0.009
Heart rate (beats/min) 65.4 ±  5.50 66.2 ±  5.90 64.8 ±  5.12 0.054
Systolic blood pressure (mmHg) 111 ±  12.4 112 ±  11.7 110 ±  12.9 0.253
Diastolic blood pressure (mmHg) 68.8 ±  8.99 69.2 ±  9.07 68.5 ±  8.96 0.565
Total cholesterol (mmol/L) 4.52 ±  0.99 4.45 ±  0.95 4.58 ±  1.01 0.314
Triglycerides (mmol/L) 1.62 ±  1.18 1.70 ±  1.42 1.57 ±  0.96 0.412
LDL cholesterol (mmol/L) 2.76 ±  0.84 2.70 ±  0.86 2.81 ±  0.82 0.351
HDL cholesterol (mmol/L) 1.16 ±  0.35 1.13 ±  0.31 1.19 ±  0.37 0.219
Fasting plasma glucose (mmol/L) 5.08 ±  0.82 5.07 ±  0.93 5.09 ±  0.73 0.857
Serum creatinine (μ mol/L) 73.4 ±  18.5 73.5 ±  20.9 73.4 ±  16.4 0.972
Hypertension 24.6 (57/232) 18.8 (19/101) 29.0 (38/131) 0.091
Diabetes 5.60 (13/232) 5.94 (6/101) 5.34 (7/131) 1.000
 Hemoglobin A1c (%)a 7.47 ±  1.29 7.38 ±  1.30 7.60 ±  1.47 0.812
 Fasting plasma glucose (mmol/L)a 6.85 ±  1.58 6.82 ±  2.35 6.88 ±  0.62 0.948
CRBBB 3.88 (9/232) 3.96 (4/101) 3.82 (5/131) 1.000
I atrioventricular block 5.17 (12/232) 5.94 (6/101) 4.58 (6/131) 0.767
PTSMA history 6.46 (15/232) 10.9 (11/101) 3.05 (4/131) 0.028
Use of medication before admission
 Anti-HCM drugs 100 (232/232) 100 (101/101) 100 (131/131)
 β -blocker 99.1 (230/232) 100 (101/101) 98.5 (129/132) 0.506
 Diltiazem 32.3 (75/232) 31.7 (32/101) 32.8 (43/131) 0.888
 Diureticsb 7.8 (18/232) 6.9 (7/101) 8.4 (11/131) 0.806
Antihypertensive drugs
 ACE inhibitors 8.2 (19/232) 9.9 (10/101) 6.9 (9/131) 0.472
 Dihydropyridine derivatives 8.6 (20/232) 10.9 (11/101) 6.9 (9/131) 0.347
 Diureticsc 5.6 (13/232) 3.0 (3/101) 7.6 (10/131) 0.156
Anti-diabetic drugs
 Insulin 1.3 (3/232) 2.0 (2/101) 0.8 (1/131) 0.581
 Oral anti-diabetic drugs 5.2 (12/232) 5.9 (6/101) 4.6 (6/131) 0.767
Isolated myectomy 70.3 (163/232) 67.3 (68/101) 72.5 (95/131) 0.469
Concomitant mitral valve procedure 0.302
 None 95.7 (222/232) 98.0 (99/101) 93.9 (123/131)
 Mitral valvuloplasty 1.29 (3/232) 0 (0/101) 2.29 (3/131)
 Mitral valve replacement 3.02 (7/232) 1.98 (2/101) 3.82 (5/131)

Table 1.  Preoperative Baseline Clinical and Demographic Characteristics of Patients. ACE, angiotensin-
converting enzyme; CRBBB, complete right bundle branch block; HDL, high density lipoprotein; LDL, low 
density lipoprotein; LVEDD, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; 
LVOTPG, left ventricular outflow tract pressure gradient; MR, mitral regurgitation; NYHA, New York Heart 
Association; PTSMA, percutaneous transluminal septal myocardial ablation. Values are shown as mean ±  SD 
or % (n/N). aValues for patients with diabetes only. bDiuretics for patients with heart failure and water sodium 
retention. cDiuretics for patients with hypertension.
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When we excluded the 10 patients who underwent the concomitant MV procedure, there was also no difference 
(100%, 98.4%, 86.9% and 99.0%, 99.0%, 89.4%, respectively, for the two groups, Tarone-Ware p =  0.682) (Fig. 3b). 
If we adjusted the composite end-point event-free survival rates for the left atrial diameter, the LVOT pressure 
gradient, and the PTSMA history, then the differences between the two groups were not statistically significant 
(p =  0.487) (Fig. 3c).

Prolapse Degeneration RHD SBE ALL

MVR 0 (0/232) 0.4 (1/232) 1.3 (3/232) 1.3 (3/232) 3.0 (7/232)

MVP 1.3 (3/232) 0 (0/232) 0 (0/232) 0 (0/232) 1.3 (3/232)

All 1.3 (3/232) 0.4 (1/232) 1.3 (3/232) 1.3 (3/232) 4.3 (10/232)

Table 2.  Concomitant Mitral Valve Procedures and Reasons for the Procedure. MVP, mitral valvuloplasty; 
MVR, mitral valve replacement; RHD, rheumatic heart disease; SBE, subacute bacterial endocarditis. Values are 
shown as % (n/N).

Figure 1. Excised cardiac myectomy specimens. To sufficiently expose and assess the excised thickness, Dr. 
Song divided the whole specimen in the middle during the surgery. (a) Antero-posterior view (weight 19.9 g), 
(b) lateral view of another specimen.

Figure 2. (a) Survival Kaplan-Meier curve of the 232 patients, (b) composite end-point event-free survival 
curve.
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Comparison between the patients with no or trace MR and mild MR postoperatively. In this 
study, the patients with moderate to severe MR preoperatively were more likely to have residual mild MR post-
operatively. To identify the influence of postoperative mild MR on the outcomes, we excluded the two patients 
who had moderate MR postoperatively. We separated the 230 patients into two groups: 90 (39.1%) patients with 
no MR or trace MR and 140 (60.9%) patients with mild MR. The three-month, one-year, and three-year com-
posite end-point event-free survival rates of the patients with mild MR were similar to those of the patients with 
no or trace MR (100%, 98.9%, 88.0% vs. 99.3%, 98.6%, 89.2%, respectively; Tarone-Ware p =  0.830) (Fig. 4a). 
When we excluded the 10 patients who underwent the concomitant MV procedure, there was also no difference 
(Tarone-Ware p =  0.949) (Fig. 4b).

Predictors of end-point events. In the Cox proportional hazard models for the composite end-points, we 
included all 232 patients in the analysis. The data from the univariable Cox analysis are described in Table 4. Sex 
and variables with P <  0.05 were then entered into a stepwise multivariable analysis (Table 4). Old age, iatrogenic 
VSD, and postoperative AF were identified as independent predictors of worse outcomes in HOCM patients 
undergoing surgical treatment.

Discussion
Dr. W. P. Cleland, a British surgeon, reported the first myotomy in 19587. Thereafter, the surgical treatment for 
HOCM was developed at several North American and European centers8–10. Currently, the most widely used 
surgical method is myectomy via an aortic approach, which is called an extended Morrow procedure11. Recently, 
the European Society of Cardiology (ESC) guideline and American College of Cardiology Foundation (ACC)/
American Heart Association (AHA) guidelines on the management of HCM stated that a surgical septal myec-
tomy is the gold standard and primary treatment option for patients with HOCM and severe symptoms of heart 
failure12,13.

The outcomes of the septal myectomy in our consecutive 232 HOCM patients were as good as those 
reported by other famous centers5 with no perioperative death, while one HCM-related death occurred during 
the follow-up, and a total of 16 (6.9%) HCM-related rehospitalizations occurred after discharge. One hundred 
ninety-three (83.2%) of the patients remained asymptomatic or minimally symptomatic (NYHA class I) during 
the intermediate follow-up.

Although a transaortic septal myectomy has a good prognosis for HOCM patients5,10, some controversy 
remains concerning the surgery, especially the management of MR14. Dr. Klues recognized that there were diverse 
structural MV alterations in HOCM15. Several adjunctive procedures, including realignment of papillary mus-
cles16, anterior mitral leaflet plication17, and anterior mitral leaflet extension18, are used to eliminate SAM and 
decrease MR. Our study suggests that a concomitant MV procedure is not necessary for HOCM patients without 
intrinsic MV disease. On one hand, an extended Morrow procedure alone is effective to alleviate even moderate 
to severe MR caused by SAM. Only 10 (4.3%) patients of this population underwent a concomitant MV proce-
dure, which is less than that previous reported19. In 230 (99.1%) of 232 patients, the MR was decreased to mild 
or less postoperatively. Of the 131 patients with moderate or severe MR preoperatively, 130 (99.2%) had no to 
mild MR postoperatively. On the other hand, mild MR postoperatively was acceptable and did not increase the 
adverse cardiovascular event rate. During the follow-up, there was no difference in end-point events-free survival 
between the patients with no or trace MR and patients with mild MR. Thus, the sufficient elimination of LVOT 
obstruction and an appropriate dissociation of abnormal attachments provided excellent surgery outcomes for 
HOCM patients with no intrinsic pathological MV changes. A resection distally toward the left ventricular apex 
as far as possible is important. A normal left ventricle geometry created by surgery may improve the flow of blood 
during the period from end diastole to isovolumic systole to eliminate SAM20. Dissociation at the base of the 
papillary muscles from around hypertrophy myocardial tissue and the excision of abnormal fibrous or muscular 
attachment structures can result in fair mobility of the papillary muscle and the anterior leaflet of MV14.

Both preoperative AF and postoperative AF are predictors of composite end-point events. Postoperative AF 
is an independent predictor of the composite end-point events. In other studies, AF was always identified as the 
risk factor of worse outcomes21; however, the reason is not entirely clear. The residual AF, which induces a loss of 
atrial mechanical function, can indeed reduce cardiac output22. Some reports demonstrate that AF could trigger 
ventricular tachycardia23. In this cohort, adjunctive surgical ablation of AF was conducted in only five patients 
with persistent AF. All five patients maintained sinus rhythm during the follow-up with no end point events. 
Therefore, a MAZE procedure might be conducted in every patient with AF ever recorded by electrocardiogram. 

End-point event All patients
Mild MR 

preoperative

Moderate or 
severe MR 

preoperative

Heart failure 5.2 (12/232) 5.0 (5/101) 5.3 (7/131)

Sudden cardiac death 0.4 (1/232) 1.0 (1/101) 0 (0/131)

Syncope 0.4 (1/232) 1.0 (1/101) 0 (0/131)

Stroke 0.4 (1/232) 1.0 (1/101) 0 (0/131)

Peripheral embolism 0.4 (1/232) 0 (0/101) 0.8 (1/131)

All 6.9 (16/232) 7.9 (8/101) 6.1 (8/131)

Table 3.  Patients who met the composite end-point events. MR, mitral regurgitation. Values are shown as % 
(n/N).
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Old age was always determined as a risk factor associated with worse outcomes24. However, contrary to other 
studies, we found that procedures performed concomitant with the myectomy did not increase the possibility of 
the composite end-point events25.

There are still some limitations. This is a retrospective study; all of the surgeries were performed by one expe-
rienced surgical team. There was no concomitant MV procedure, such as a leaflet plication or anterior leaflet 
extension, conducted to eliminate SAM and MR. Nevertheless, these conclusions still may be valid and clinically 
relevant. As previously reported, the survival rate of the HOCM patients after surgery was excellent. However, 
more attention should be focus on HOCM-related rehospitalization. The question of whether surgery could abol-
ish the risk for progression to the end-stage phase of heart failure requires further study.

Our results prove that the extended Morrow procedure can successfully improve the symptoms of HOCM 
patients. Concomitant MV procedures are not necessary for patients who have even moderate to severe MR 
caused by SAM. Residual mild MR postoperatively does not influence the outcome of these patients. Old age, 
iatrogenic SVD, and postoperative AF are independent predictors of worse outcomes.

Methods
Study population. This study was approved by the Human Research Ethics Committee of the Fuwai 
Hospital and was performed in accordance with the Declaration of Helsinki and the approved guidelines. Oral 
informed consent was obtained from all of the patients via a telephone questionnaire. We retrospectively reviewed 
all of the 232 consecutive HOCM patients who underwent a transaortic extended septal myectomy in the ninth 
department of surgery in our institution from January 2010 to October 2014. The diagnosis of HCM was based 
on clinical and echocardiographic features with the presence of a hypertrophied non-dilated left ventricular in 
the absence of other cardiac or systemic disease capable of producing the magnitude of the hypertrophy evi-
dent26. These patients had severe symptoms and an LVOT pressure gradient greater than 50 mmHg at rest or after 
exercise, despite treatment with a β -blocker, diltiazem, singly or in combination titrated to a maximum tolerated 

Figure 3. Survival-free from composite end-point events in the two subgroups: mild mitral regurgitation 
(MR) preoperatively, moderate or severe MR preoperatively. (a) Kaplan-Meier curve of all of the patients, 
(b) Kaplan-Meier curve of 222 patients, excluding 10 with a mitral valve procedure, (c) survival adjusted for 
left atrial diameter, left ventricular outflow tract pressure gradient, and percutaneous transluminal septal 
myocardial ablation history.

Figure 4. Survival-free from the composite end-point events in the two subgroups: no or trace mitral 
regurgitation (MR) postoperatively, mild MR postoperatively. (a) Kaplan-Meier curve of all of the patients, 
(b) Kaplan-Meier curve of 222 patients, excluding 10 with mitral a valve procedure.
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dose. Intrinsic MV pathological changes were defined as rheumatic disease, degeneration, prolapse, and infective 
endocarditis. This study was approved by the Fuwai Institutional Review Board.

Echocardiographic evaluation. All of the patients underwent comprehensive echocardiogram examinations 
with commercially available instruments. All of the transthoracic echocardiography procedures were performed by 
the same professional doctor. Echocardiographic parameters were acquired using standard views and protocols27. The 
LV wall thickness was measured at the end-diastole. The LVOT peak velocity was measured with a continuous-wave 
Doppler, and the LVOT pressure gradient was estimated using a simplified Bernoulli equation28. The exercise-induced 
LVOT pressure gradient was assessed in patients with resting LVOT pressure gradients < 50 mmHg. MR was graded 
by a color flow Doppler method according to the regurgitant jet area29 (see Supplementary Table S1).

Variable

Univariable Stepwise Multivariable

HR (95% CI) P Value HR (95% CI) P Value

Age 1.061 (1.008–1.117) 0.024 1.071 (1.008–1.139) 0.028

Sex 0.915 (0.332–2.521) 0.863 0.826

Dyspnea 1.278 (0.168–9.705) 0.813

Angina 1.226 (0.456–3.293) 0.687

Palpitation 0.876 (0.318–2.417) 0.798

Dizziness 1.499 (0.543–4.141) 0.435

Syncope 1.824 (0.659–5.049) 0.247

Atrial fibrillation 
preoperative 4.383 (1.636–11.74) 0.003 0.286

NYHA class 1.298 (0.170–9.919) 0.801

Heart rate 1.071 (0.985–1.164) 0.108

Systolic blood 
pressure 1.004 (0.965–1.043) 0.857

Diastolic blood 
pressure 0.992 (0.939–1.049) 0.783

Total cholesterol 1.086 (0.638–1.848) 0.762

Triglycerides 0.559 (0.242–1.291) 0.173

LDL cholesterol 1.311 (0.725–2.371) 0.371

HDL cholesterol 1.335 (0.266–6.702) 0.726

Fasting plasma 
glucose 0.881 (0.435–1.783) 0.725

Serum creatinine 1.007 (0.987–1.027) 0.501

Hypertension 0.795 (0.226–2.794) 0.720

Hyperlipoidemia 0.948 (0.306–2.942) 0.927

Diabetes 0.046 (0.000–652.6) 0.527

PTSMA history 0.045 (0.000–399.4) 0.504

CRBBB 3.710 (0.474–29.02) 0.212

I atrioventricular 
block 3.187 (0.716–14.20) 0.128

Max septum 
thickness 1.005 (0.932–1.083) 0.897

LVOTPG 1.004 (0.987–1.020) 0.660

Left atrial diameter 1.067 (1.004–1.134) 0.038 0.231

LVEDD 1.114 (1.026–1.209) 0.010 0.098

LVEF 0.975 (0.920–1.034) 0.398

MR preoperative 0.993 (0.371–2.662) 0.989

Isolated myectomy 1.008 (0.324–3.135) 0.990

Iatrogenic CAVB 8.979 (1.997–40.37) 0.004 0.183

Iatrogenic VSD 19.41 (4.281–87.98) < 0.001 20.47 (4.276–98.01) < 0.001

Iatrogenic CLBBB 1.208 (0.444–3.284) 0.712

Atrial fibrillation 
postoperative 4.989 (1.840–13.53) 0.002 5.016 (1.828–13.76) 0.002

MR postoperative 1.007 (0.366–2.775) 0.989

Table 4.  Cox proportional hazard analysis for the composite end-point events. CAVB, complete 
atrioventricular block; CLBBB, complete left bundle branch block; CRBBB, complete right bundle branch block; 
HDL, high density lipoprotein; HR, hazard ratio; LDL, low density lipoprotein; LVEDD, left ventricular end 
diastolic diameter; LVEF, left ventricular ejection fraction; LVOTPG, left ventricular outflow tract pressure 
gradient; MR, mitral regurgitation; NYHA, New York Heart Association; PTSMA, percutaneous transluminal 
septal myocardial ablation; VSD, ventricular septal defect.
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Transaortic septal myectomy. An intraoperative transesophageal echocardiography is a pre-requisite for 
surgery because it allows the detection of the ventricular septal anatomy and its thickness, the evaluation of the 
MV function, and the identification of other abnormalities. The chest is opened with a complete standard median 
sternotomy. To sufficiently expose the subaortic septum, an oblique aortotomy much closer to the sinotubular 
junction than that usually performed for an aortic valve replacement is made and carried to the midpoint of the 
noncoronary sinus30. We begin the first incision from the basal region toward the apex of the heart approximately 
5 mm left of the membranous septum to avoid complete atrioventricular block (CAVB). The incision is extended 
leftward to the anterolateral free wall of the left ventricle near the MV annulus. The trough is then continued in 
the apical direction beyond the bases of the papillary muscles. Importantly, all of the papillary muscle fusions to 
the septum or ventricular free wall are divided to increase mobility of the papillary muscle. Abnormal chordal 
structure and anomalous fibrous or muscle attachments of the MV apparatus to the ventricular septum should 
be excised. Before the patient is weaned from cardiopulmonary bypass, a transesophageal echocardiography is 
repeated to remeasure the LVOT pressure gradient, the continuity of the septum and the MV function.

Follow-up. All of the follow-up data were obtained between January and May 2015. During the follow-up, 
the time and cause of death were provided to the immediate families. The end-point was a composite of all causes 
of death, resuscitation from sudden death, syncope, documented stroke, arrhythmia or congestive heart failure 
requiring hospitalization25. HCM-related death was defined as the sudden death, death or heart transplantation as 
a result of progressive heart failure. The definition of sudden death was an unexpected sudden collapse occurring 
< 1 hour from the onset of symptoms in patients who had previously experienced a relatively stable or uneventful 
clinical course25.

Statistical Analysis. Continuous data were expressed as the mean ±  standard deviation and compared using 
a Student’s t test or analysis of variance. Categorical data were expressed as percentages and were compared 
with a chi-square test. A Cox proportional hazards model was used to identify the risk factors of composite 
end-points. A stepwise multivariable Cox proportional hazards model was developed to determine the inde-
pendent risk factors. The proportional hazards assumption in the Cox model was assessed with models including 
time-by-covariate interactions. Cumulative event rates were calculated using a Kaplan-Meier method, and dif-
ferent event curves of outcomes were compared using a Log-Rank or Tarone-Ware test. All of the P values were 
reported two-sided, and P <  0.05 was considered statistically significant. Statistical analyses were performed using 
SPSS version 20 (IBM SPSS Inc., Chicago, IL).
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