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Abstract

Background: There is lack of outcomes of transaortic shallow septal myectomy with mitral valve(MV) repair 
comparing with extended Morrow procedure in treatment of hypertrophic obstructive cardiomyopathy (HOCM) 
with severe interstitial fibrosis. 

Objectives: We report a 4-year single-center experience with transaortic shallow septal myectomy in combi-
nation with MV repair and compare it with extended Morrow surgery in a cohort of HOCM patients with severe 
interstitial fibrosis. 

Methods: 36 patients who received surgery have been enrolled in current study. Their perioperative charac-
teristics with echocardiographic results, myocardial histopathology and follow up outcomes had been graded 
and analyzed. We included two groups: 13 patients who received shallow septal myectomy concomitant with 
mitral valvuloplasty (MVP) due to the intrinsic abnormalities of MV apparatus (Shallow septal myectomy + MVP 
group), and 23 patients who only received extended Morrow procedure without any intrinsic MV abnormalities 
(Extended Morrow group). 

Results: Preoperative results revealed that left ventricular end-diastolic dimension (LVEDD) (46.9 ± 1.41 mm 
vs. 11.4 ± 2.17 mm, p<0.05), posterior wall thickness (PWT) (13.3 ± 2.66 mm vs. 11.4 ± 2.17 mm, p<0.05), left ven-
tricular mass (LVM) (440.2 ± 78.9 g Vs. 310.9 ± 127.6 g, p<0.05), left ventricular mass index (LVMI) (231.7 ± 75.39 
g/m2 Vs. 180.2 ± 65.07 g/m2, p<0.05 ) and late gadolinium enhancement (LGE) (72.73% Vs. 27.27%, p<0.01 ) had 
showed the significant difference between the two group. In the myocardial histopathological evaluation, more 
severe interstitial fibrosis of the resected myocardium in Shallow septal myectomy + MVP group had showed sta-
tistical significant difference compared with Extended Morrow group (p<0.05). Shallow septal myectomy + MVP 
procedure sufficiently release left ventricular outflow tract obstruction(LVOTO) and decrease mitral regurgitation 
(MR) with no increase of postoperative arrhythmia compared with Extended Morrow surgery.
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Introduction

Hypertrophic Obstructive Cardiomyopathy (HOCM) is a ge-
netic disorder of the sarcomere characterized by asymmetric 
hypertrophy of the Left Ventricle (LV) [1]. Cardiomyocyte archi-
tecture is thought to be involved in arrhythmia in HOCM. In-
terstitial fibrosis was positively associated with ventricular ar-
rhythmia and Atrial Fibrillation (AF) [1]. Septal myectomy in the 
extended Morrow procedure remains the gold standard and 
vital procedure for HOCM patients. The management of pa-
tients with severe interstitial fibrosis requires more attention. 
Late gadolinium enhancement (LGE) on MRI indicates severe 
interstitial fibrosis which have been closely associated with ar-
rhythmia after septal myectomy [2].

On the other side, the surgical management of associated 
Mitral Valve (MV) lesions in HOCM resulting in Mitral Regurgita-
tion (MR) is still a matter of debate. In HOCM, MV abnormali-
ties can occur at any site of the MV [3]. Many abnormalities of 
the MV have been reported in the literature, in which the most 
common abnormalities are abnormally large/elongated mitral 
leaflets (especially Anterior Leaflets (AL)) and anterior displace-
ment of any part of the mitral apparatus [4-14]. In fact, less pro-
nounced septal basal hypertrophy may not be the only cause of 
left ventricular outflow tract obstruction (LVOTO), and this kind 
of clinical manifestation has been reported to be associated 
with leaflet and/or subvalvular apparatus abnormalities [15,16]. 
Regardless of Interventricular Septum (IVS) thickness, subvalvu-
lar apparatus remodeling combined with septal myectomy for 
patients with HOCM provides satisfactory long-term outcomes 
in terms of symptom improvement, LVOTO relief, and MR grade 
[17]. In this context, in order to eliminate the left ventricular 
outflow tract pressure gradient (LVOT PG) and restore MV func-
tion, it is advocated to correct MV abnormalities at the same 
time of septal myectomy [15,16,18-22]. In this study, compared 
with extended Morrow surgery, we sought to assess the clinical, 
echocardiographic and pathological results in patients requiring 
MV repair in addition to shallow septal myectomy.

Materials and methods 

Patients

We retrospectively studied 36 consecutive cohorts of pa-
tients diagnosed with HOCM at Fuwai Yunnan Cardiovascular 
Hospital from September 2017 to September 2021, all of whom 
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Abbreviations: AL: Anterior Leaflet; AVB: Atrial Ventricular Block; AR: Aortic Regurgitation; CAD: Coronary Artery 
Disease; CABG: Coronary Artery Bypass Grafting; CHB: Complete Heart Block; CO: Cardiac Output; CPB: Cardiopulmo-
nary Bypass; CRBBB: Complete Right Bundle Branch Block; CT: Computed Tomography; EDV: End-Diastolic Volume; 
EDVI: End-Diastolic Volume Index; HCM: Hypertrophic Cardiomyopathy; HOCM: Hypertrophic Obstructive Cardiomy-
opathy; IVS: Interventricular Septum; LAD: Left Atrial Dimension; LGE: Late Gadolinium Enhancement; LV: Left Ven-
tricle; LVEDD: Left Ventricular End-Diastolic Dimension; LVEF: Left Ventricular Ejection Fraction; LVH: Left Ventricular 
Hypertrophy; LVOT: Left Ventricular Outflow Tract; LVOTO: Left Ventricular Outflow Tract Obstruction,; LVOT PG: Left 
Ventricular Outflow Tract Pressure Gradient; LVM: Left Ventricular Mass; LVMI: Left Ventricular Mass Index; MR: Mi-
tral Regurgitation; MRI: Magnetic Resonance Imaging; MV: Mitral Valve; MVP: Mitral Valvuloplasty; MVR: Mitral Valve 
Replacement; PL: Posterior Leaflet; PM: Papillary Muscles; PWT: Posterior Wall Thickness; Rbcs: Red Blood Cells; RWT: 
Relative Wall Thickness; SAM: Systolic Anterior Motion; TEE: Transesophageal Echocardiography; TTE: Transthoracic 
Echocardiography; VSD: Ventricular Septal Defect.

were operated by a single surgeon and his team. This retrospec-
tive, single-center study was approved by the Ethics Commit-
tee of Fuwai Yunnan Cardiovascular Hospital (IRB2017-BG-028), 
and written informed consent was obtained from the patients. 
Indications for surgery include: (1) LVOT PG≥50 mmHg at rest or 
during physiological stimulation (mainly physiological exercise), 
as determined by Doppler transthoracic echocardiography 
(TTE); (2) The presence of drug-resistant symptoms. Medical 
treatment included beta-blockers and calcium channel block-
ers at the maximum tolerated dose, at least 6 months before 
surgery. At the same time, surgery was not recommended for 
patients who met the following criteria: (1) Patients older than 
70 years of age, as our experience showed little improvement 
in symptoms and outcomes in these patients; (2) There is an 
additional risk of pump cardiac surgery, which may lead to early 
postoperative death.

We included 13 patients had Grade 1-3 MR who received 
transaortic shallow septal myectomy procedure concomitant 
with mitral valvuloplasty (MVP) due to the intrinsic abnormali-
ties of the MV leaflet and/or subvalvular apparatus (shallow 
septal myectomy + MVP), compared with 23 patients had Grade 
1-4 MR due to systolic anterior motion(SAM) who received ex-
tended Morrow procedure alone (Extended Morrow group) . 

Hospital records were reviewed using a dedicated database 
to analyze preoperative history and reports, surgical records, 
postoperative and follow-up echocardiography reports.

Preoperative imaging evaluation methods

All patients underwent preoperative TTE and MRI scan be-
fore surgery, both transesophageal echocardiography (TEE) 
during operation and gross valvular inspection during operation 
confirmed the function and severity of intrinsic abnormalities 
of MV. 

The following basic variables were measured through pre-
operative TTE: left ventricular outflow tract pressure gradient 
(LVOTPG), MR, left atrial dimension (LAD), left ventricular end-
diastolic dimension (LVEDD), IVS thickness, posterior wall thick-
ness (PWT), left ventricular mass (LVM), left ventricular mass 
index (LVMI), relative wall thickness (RWT), end-diastolic vol-
ume (EDV), end-diastolic volume index (EDVI), left ventricular 
ejection fraction (LVEF), cardiac output (CO), LVMI indication 
and RWT indication. The degree of MR was measured by TTE 
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and TEE, and has been quantitatively graded as grade1 (mild), 
grade 2 (moderate), grade 3 (moderate-to-severe) and grade 4 
(severe). Cardiac MRI provides detailed information on cardiac 
morphology, ventricular function, myocardial tissue character-
istics, and LGE. Computed tomography (CT) was used to assess 
the presence of epicardial coronary artery disease (CAD) and/
or coronary artery bridges in patients with HOCM. Electrocar-
diogram was performed before and after operation to detect 
serious electrophysiological disorders such as heart block.

Surgical procedures

All procedures were performed with total sternotomy, aortic 
and right atrial cannulation, intermittent antegrade cold-blood-
ed arrest with mild hypothermia (34OC).

In the Extended Morrow group, preoperative TTE, intraoper-
ative TEE, or valvular examination by aortotomy was performed 
before septal myectomy, regardless of the extent of MR which 
was only associated with SAM. The resection range of septal 
myectomy in the Extended Morrow group was as follows: the 
upper end was located about 4 mm below the aortic ring, the 
lower end was extended to the apex of LV, the right end was 
started slightly rightward to the nadir of the right aortic cusp, 
and the left end was terminated near the mitral anterior com-
missure [23]. Myocardium excision need to be quite careful to 
ensure it go beyond the point of systolic mitral-septal contact 
[18,24]. 

In shallow septal myectomy + MVP group, about one-third 
of IVS thickness was removed by aortotomy. Bicaval cannula-
tion and a left or right atrial approach was used in MVP. The 
ventricular surface of MV leaflet was systematically analyzed. 
Even if there were multiple anomalies of the MV in the HOCM, 
elongation of mitral leaflets is probably the most common 
anomaly. The fibrotic and retracted secondary chordae of the 
anterior MV leaflet were examined before resection. Fibrous or 
muscular structures that abnormally connect the papillary mus-
cles (PM) to the septum or free wall were excised to increase 
the flexibility of PM. These procedures have the effect of reduc-
ing AL tether, thereby displacing the MV apparatus backward, 
away from the LVOT. Once elongated (slack) primary chordae 
had been observed after excision of the retracted secondary 
chordae from AL, which usually pertain to the central part of 
A2, the free edge of A2 needs to be folded laterally between the 
redundant chordae. If leaflet calcification or indentation is pres-
ent, this should also be addressed so that the leaflet surface 
becomes smooth. 

We then used TEE to confirm the decline of LVOT PG, SAM 
remission, and reduction in MR, followed by repeated direct 
pressure measurements after cardiopulmonary bypass (CPB) to 
assess outflow tract haemodynamics. CPB time, aorta interrup-
tion time and simultaneous operation have been analyzed as 
the operation data. 

Histopathological methods

The length, width, height, and bulk of resected myocardium 
tissue was measured and analyzed in the examination of gross 
specimens from surgery. Meanwhile, specific hypertrophy local-
ization was recorded and analyzed. 

To assess histopathology, we extracted the extent of myo-
cyte hypertrophy, myofibre disarray, interstitial fibrosis, and 
endocardial thickening from the histopathological report of the 
surgical myectomy specimen. Histological examination of re-

sected myocardium was reviewed by a cardiovascular patholo-
gist during routine clinical pathological examination. All slides 
were fixed with 10% neutral buffered formalin and stained with 
hematoxylin and eosin and treated with conventional clinical 
diagnostic protocols.

All cases were evaluated for the presence or absence of the 
following myocardial features: myocyte hypertrophy, myofiber 
disarray, interstitial fibrosis, and endocardial thickening. Hyper-
trophy can be diagnosed if the nucleus of myocyte is continu-
ously enlarged and hyperchromatic. Using red blood cells as 
an internal indicator, the diameter of cardiomyocytes was ap-
proximately 3 red blood cells (RBC) for mild, 4 red blood cells for 
moderate, and 5 red blood cells for severe [1].

The myofiber disarray is characterized by cellular interlacing 
area, whirling area or herringbone pattern. If there is no any 
extent of the above three aspects then it is graded as none of 
myofiber disarray. If any of the above three aspects range from 
1% to 25% of the myocardial area on the microscope slide, it is 
mild. Similarly, if it ranges from 26% to 50%, then it is moderate. 
If it is 50%, then it is severe [1].

We performed a semiquantitative, visual evaluation of inter-
stitial fibrosis: none if there was absent of fibrosis, mild when 
the fibrosis is present less than 30% of the examined myocardi-
um, moderate while the fibrosis is present between 30% to 60% 
of the examined myocardium, severe if the fibrosis is present 
more than 60% of the examined myocardium [25].

Endocardium thickness was evaluated for the presence of 
fibrotic thickening and regarded as none if the thickness was 
generally <30 μm, mild if 30 to 75 μm, moderate if 76 to 150 
μm, and severe if >150 μm [1,26,27]. 

Follow-up

All patients underwent clinical and echocardiographic ex-
amination after operation. Postoperative TTE was performed in 
the first day after operation, prior to discharge, at 3 months, 
6 months and 12 months in the first year, and then annually 
by same cardiologist from our echocardiography department. 
The following basic variables were measured through TTE: LAD, 
LVEDD, LVEF, IVS thickness in diastolic period, MR, LVOT PG and 
PWT. On March 31, 2022, 100% of patients were followed up, 
and the longest follow-up was 51 months. 

Statistical analysis 

When continuous variables fit a normal distribution, they 
were expressed as mean ± standard deviation and compared 
using an unpaired t-test. Conversely, if continuous variables 
did not fit a normal distribution, they were expressed as me-
dians and interquartile ranges [50% (25-75%)] and compared 
with Mann Whitney test. Categorical variables are expressed as 
absolute numbers and/or percentages. All reported probability 
values are two-tailed p<0.05. SPSS 22.0 software was used for 
statistical analysis (SPSS Inc. Chicago, Ill). 

Results

Preoperative outcome

Preoperative results between the two group are showed in 
Table 1. MR, LVEDD, PWT, LVM, LVMI and LGE in Shallow septal 
myectomy + MVP group had showed the significant difference 
between two group (p<0.05) compared with the Extended Mor-
row Group. The preoperative LVEF% and maximal IVS thickness 



www.jclinmedsurgery.com		      								        4

showed no statistical differences between two groups (p<0.05). 
Figure 1 and 2 showed the details of the preoperative TTE and 
MRI image. 

Perioperative outcome

In Shallow septal myectomy + MVP group of 13 patients, sur-
gical myectomy was performed in all patients (100%). 12 patients 
(92.31%) were successfully underwent MVP, among whom one 
patient received concomitant dredging of right ventricular out-
flow tract (7.69%). One patient (7.69%) with the residual Grade 
3 MR was performed mechanical mitral valve replacement 
(MVR) after 2 failed attempts to undergo MVP. MV remodeling 
by the main three procedures: (1) 8 patients (61.53%) received 
the edge-to-edge repair; (2) 7 patients (53.85%) received the 
resection of fibrotic, thickened, and agglutinated PM to the 
ventricular surface of AL; (3) 11 patients (84.62%) received 
resection of all anomalous trabeculae and accessory chordae 
tendineae. Due to complexity of MV abnormalities, there are 4 
patients (30.77%) received only one procedure of MV repair; 7 
patients (53.85%) were needed two procedures to repair; 2 pa-
tients (15.38%) received all three procedures. Nearly 70% cases 
have more than one MV procedure which make the surgery 
more complicated and need to be focused on MVP.

In extended Morrow group of 23 patients, five patients re-
ceived the coronary artery bypass grafting (CABG) (21.73%), 
two patients received myocardial bridge release (8.70%), two 
patients received aortic valvuloplasty (8.70%), and TEE intraop-
eratively identified iatrogenic Ventricular Septal Defect (VSD) 
that was immediately repaired in one patient (4.35%). 

Furthermore, CPB time was also increased in Shallow septal 
myectomy + MVP group due to MVP procedure (p<0.05). All the 
perioperative results showed in the Table 2. Intraoperative, in-
hospital, and 30-day mortality were 0%. 

Follow up results

The clinical follow up period was 6-51 months showed in 
Table 3, and significant reduction in peak resting LVOT PG in 
both two groups. During the follow up, maximal IVS thickness 
was significantly reduced in the both groups of surgical inter-
vention, moreover thicker myocardium noted in Shallow septal 
myectomy + MVP group compared to Extended Morrow group 
(p<0.05). The LVEF and residual MR had showed the significant 
difference in the two groups (p<0.05). Third degree atrial ven-
tricular block (AVB) with subsequent pacemaker implantation 
showed no statistical differences between two groups (p>0.05). 
One patient (7.69%) received permanent pacemaker implanta-
tion in Shallow septal myectomy + MVP group due to the severe 
injury resulting in bundle branch block. Two patients (8.70%) 

in Extended Morrow group received permanent pacemaker im-
plantation before being discharged from the hospital: one pa-
tient was because of Complete Heart Block (CHB) on the basis 
of preoperative Complete Right Bundle Branch Block (CRBBB) 
and another patient has been progressed to postoperative CHB 
due to iatrogenic VSD during operation. There are no immedi-
ate postoperative atrial or ventricular arrhythmia, and also dur-
ing the follow up period. 

In Shallow septal myectomy + MVP group, there are 2 pa-
tients had new emerging mild aortic regurgitation (AR) during 
the whole follow-up, 4 patients had mild AR and 2 patients had 
mild -moderate AR in Extended Morrow group. Due to the small 
number of cases in which the new emerging AR occurred, no 
further statistical analysis of the above results was performed. 
All of the cases which developed AR due to the injury from aor-
totomy approach have been excluded from the study. 

Intrinsic MV abnormalities in Shallow septal myectomy + 
MVP group 

Identified through preoperative TTE and confirmed by in-
traoperative TEE or direct valve inspection, the MV apparatus 
anomalies generally were divided into 4 types: (1) annulus 
(n=2, 16.57%); (2) leaflets (n=8, 61.54%); (3) chordae tendin-
eae (n=11, 84.62%) and (4) PM (n=4, 30.77%). The details of the 
sub-classification of every type of intrinsic abnormalities in MV 
was showed in Table 4. 

Myocardium histopathological evaluation 

The size of resected myocardium: The resected myocardium 
in length, width, height and bulk has no statistical differences 
between two groups as shown in Table 5. According to our 
study, there are no statistically significant difference in hyper-
trophy localization between the two groups.

Histopathological Evaluation

Most of the patients on both groups showed moderate or 
severe myocyte hypertrophy on histopathological examination. 
Other findings include myofibre disarray, interstitial fibrosis and 
endocardial thickening in both groups, which were categorized 
as none or mild degree. Interstitial fibrosis of the resected myo-
cardium showed statistical significant in Shallow septal myec-
tomy + MVP group Vs Extended Morrow group (p<0.05) in Table 
5; moreover, this finding is consistent with LGE difference in 
preoperative MRI result as shown in Table 1. Figure 3 showed 
the histopathological imaging of myocyte hypertrophy, myofi-
bre disarray, interstitial fibrosis and endocardial thickening in 
our study.

Table 1: Preoperative baseline clinical and demographic characteristics.

Parameters Shallow septal myectomy + MVP group Extended morrow P value

Preoperative 

Age [years] 49.9 ± 16.6 50.0 ± 14.3 0.9703

Male 69.2% (9/13) 56.55% (13/23) 0.4525

NYHA functional class     0.4365

I[n] 0 (0/13) 30.4% (7/23)  

II[n] 69.2% (9/13) 34.8% (8/23)  

III[n] 30.8% (4/13) 34.8% (8/23)  

IV[n] 0 (0/13) 0 (0/13)  
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Atrial fibrillation 15.4% (2/13) 8.70% (2/23) 0.6092

Echocardiography      

LVOT PG [mmHg] 61.7 ± 11.5 72.8 ± 25.8 0.1924

MR     0.0132

Grade 1[n] 2 13  

Grade 2[n] 5 7  

Grade 3[n] 6 2  

Grade 4[n] 0 1  

LAD [mm] 36.5 ± 4.98 34.9 ± 5.70 0.3693

LVEDD [mm] 46.9 ± 1.41 41.4 ± 3.53 0.0012

Max IVS thickness [mm] 25 (23-27) 21 (18.5-28.5) 0.1807

PWT [mm] 13 (12-14) 11 (10-12) 0.0182

LVM [g] 440.2 ± 78.9 310.9 ± 127.6 0.0012

LVMI [g/m2] 260.7 ± 4.6 180.2 ± 62.0 0.0015

RWT [mm] 0.5490 (0.5087-0.57855) 0.5268(0.4558-0.6316) 0.5858

EDV [ml] 111 (104.6-138.9) 117(99.2-131.7) 0.8262

EDVI [ml/m2] 72.6 ± 22.6 66.0 ± 16.3 0.3185

LVEF [%] 69.4 (66.6-75.3) 74.2 (71.8-78.1) 0.0587

CO [L/min] 6.0 ± 2.8 5.9±0.9 0.8678

LVMI indication     0.1363

Normal range[n] 0 2  

Mildly enlarged[n] 0 1  

Moderate enlarged[n] 0 2  

Severely enlarged[n] 18 18  

RWT indication     >0.9999

Concentric hypertrophy[n] 13 23  

Eccentric hypertrophy[n] 0 0  

LGE[%] 72.73% 27.27% 0.0064

LVOTPG: Left Ventricular Outflow Tract Pressure Gradient; LAD: Left Atrial Dimension; LVEDD: Left Ventricular 
End-Diastolic Dimension; IVS: Interventricular Septum; PWT: Posterior Wall Thickness; LVM: Left Ventricular 
Mass; LVMI: Left Ventricular Mass Index; PWT: Posterior Wall Thickness; EDV: End-Diastolic Volume; EDVI: 
End-Diastolic Volume Index; LVEF: Left Ventricular Ejection Fraction; CO: Cardiac Output; LGE: Late Gado-
linium Enhancement. 

Table 2: Intraoperative characteristics.

Parameters Shallow septal myectomy + MVP group Extended Morrow P value

CPB [min] 122.7 ± 41.3 94.7 ± 28.1 0.0212

Aorta interruption time [min] 73.8 ± 28.9 60.9 ± 18.8 0.1066

Simultaneous operation      

Dredging of right ventricular outflow obstruction [n] 1 0  

CABG [n] 0 5  

Myocardial bridge release [n] 0 2  

Aortic valvuloplasty 0 2  

Iatrogenic ventricular septal defect repair [n] 0 1  

Edge-edge repair [n] 8 0  

Papillary muscles remodeling [n] 7 0  

Chordae tendineae repair [n] 11 0  
CPB: Cardiopulmonary Bypass; CABG: Coronary Artery Bypass Grafting
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Table 3: Postoperative and follow up characteristics.

Parameters Shallow septal myectomy + MVP group Extended Morrow P value

Preoperative 

Age [years] 49.9 ± 16.6 50.0 ± 14.3 0.9703

Male 69.2% (9/13) 56.55% (13/23) 0.4525

NYHA functional class     0.4365

I [n] 0 (0/13) 30.4% (7/23)  

II [n] 69.2% (9/13) 34.8% (8/23)  

III [n] 30.8% (4/13) 34.8% (8/23)  

IV [n] 0 (0/13) 0 (0/13)  

Atrial fibrillation 15.4% (2/13) 8.70% (2/23) 0.6092

Echocardiography      

LVOT PG [mmHg] 61.7 ± 11.5 72.8 ± 25.8 0.1924

MR     0.0132

Grade 1 [n] 2 13  

Grade 2 [n] 5 7  

Grade 3 [n] 6 2  

Grade 4 [n] 0 1  

LAD [mm] 36.5 ± 4.98 34.9 ± 5.70 0.3693

LVEDD [mm] 46.9 ± 1.41 41.4 ± 3.53 0.0012

Max IVS thickness [mm] 25 (23-27) 21 (18.5-28.5) 0.1807

PWT [mm] 13 (12-14) 11 (10-12) 0.0182

LVM [g] 440.2 ± 78.9 310.9 ± 127.6 0.0012

LVMI [g/m2] 260.7 ± 4.6 180.2 ± 62.0 0.0015

RWT [mm] 0.5490 (0.5087-0.57855) 0.5268(0.4558-0.6316) 0.5858

EDV [ml] 111(104.6-138.9) 117(99.2-131.7) 0.8262

EDVI [ml/m2] 72.6 ± 22.6 66.0 ± 16.3 0.3185

LVEF [%] 69.4 (66.6-75.3) 74.2 (71.8-78.1) 0.0587

CO [L/min] 6.0 ± 2.8 5.9±0.9 0.8678

LVMI indication     0.1363

Normal range [n] 0 2  

Mildly enlarged [n] 0 1  

Moderate enlarged [n] 0 2  

Severely enlarged [n] 18 18  

RWT indication     >0.9999

Concentric hypertrophy [n] 13 23  

Eccentric hypertrophy [n] 0 0  

LGE [%] 72.73% 27.27% 0.0064

LAD: Left Atrial Dimension; LVEDD: Left Ventricular End-Diastolic Dimension; LVEF: Left Ventricular 
Ejection Fraction; LVOT PG: Left Ventricular Outflow Tract Pressure Gradient; IVS: Intraventricular Sep-
tum; MR: Mitral Regurgitation; AR: Aortic Regurgitation; PWT: Posterior Wall Thickness. 

Table 4: Summarizes the intrinsic MV abnormalities in the shallow septal myectomy + MVP group.

MV Apparatus Abnormalities n

Annulus
Typically large 1(7.69%)

Annular calcification 1(7.69%)

Leaflets

Thickening and calcification in AL 7(53.85%)

Thickening and calcification in PL 4(30.77%)

Prolapse 3(23.08%)

Clefts 3(23.08%)
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Chordae tendineae

Elongated or fibrotic/retracted 6(46.15%)

Potential for rupture of elongated chordae 1(7.69%)

Abnormal attachments to mitral leaflets 3(23.08%)

Attachment to the ventricular walls (false chords) 0

PM

Hypertrophied 3(23.08%)

Elongated or shortened 0

Accessory PMs 1(7.69%)

Additional PM heads 2(15.38%)

PMs closer together, more anterior, medial, basal, or apical 1(7.69%)

Direct insertion to leaflet or fusion to the septum 3(23.08%)

Table 5: Baseline characteristics of the patients with myocardium histopathological evaluation.

  Shallow septal myectomy + MVP (n=13) Extended Morrow (n=23) P value

Size of resected myocardium 

Length [cm] 4.00 ± 0.96 4.28 ± 1.10 0.4429

Width [cm] 2.96 ± 1.09 3.40 ± 0.94 0.209

Height [cm] 1.21 ± 0.77 1.03 ± 0.59 0.4426

Bulk [cm3] 16.69 (3.88-30) 9.8 (7.35-27) 0.7596

Hypertrophy localization     >0.9999

Septum [n] 13 23  

Lateral wall of LV [n] 5 10  

Posterior wall of LV [n] 4 6  

Anterior wall of LV [n] 6 6  

Apical of LV [n] 1 2  

Myocyte hypertrophy     0.7839

Mild [n] 0 3  

Moderate [n] 6 5  

Severe [n] 7 15  

Myocyte disarray     0.204

None [n] 5 11  

Mild [n] 1 6  

Moderate [n] 3 4  

Severe [n] 4 2  

Interstitial fibrosis     0.0265

None [n] 3 12  

Mild [n] 3 7  

Moderate [n] 2 2  

Severe [n] 5 2  

Endocardial thickening     0.7644

None [n] 11 18  

Mild [n] 1 3  

Moderate [n] 1 2  

Severe [n] 0 0  

LV: left ventricular.
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Figure 1: Echocardiography showed the abnormalities in the 
mitral leaflet.
(A). Hypertrophic obstructive cardiomyopathy (HOCM) is showed 
in left ventricular long axis: interventricular septum(IVS) thickness 
is 1.84cm, anteroposterior diameter in left ventricular is 4.33 cm, 
and posterior wall thickness(PWT) in 0.72 cm 
(B). Rupture of posterior chordae tendineae and mitral valve 
prolapse (green arrow) in left ventricular long axis 
(C). Rupture of posterior chordae tendineae and mitral valve 
prolapse (white arrow) in four-chamber view
(D). Eccentric moderate mitral regurgitation (MR) (color).

Figure 2: Late gadolinium enhancement (LGE) was reported in 
magnetic resonance imaging (MRI).
A. LGE is observed in the basal septal and inferior myocardium 
(white arrows).
B. LGE is observed in inferior myocardium (black arrows).
C. LGE is observed in the hypertrophied anterior septal myocar-
dium (white arrows).
D.LGE is observed in the hypertrophied posterior myocardium 
(white arrows).

Figure 3: Myocardium Histopathological Evaluation.
(A) Myocyte Hypertrophy
(B) Myocyte Disarray
(C) Interstitial Fibrosis
(D) Endocardial Thickening (the line showed the thickness is 105 
μm).
(A-C) are enlarged to 10 times in microscope
(D) is enlarged to 4 times in microscope

Discussion

The pathology and pathophysiology of HCM include hyper-
trophy of the LV with or without right ventricular hypertrophy, 
SAM, dynamic and mechanical LVOTO, MR, diastolic dysfunc-
tion, myocardial ischemia, and fibrosis [26]. Morrow and Brock-
enbrough first described septal myectomy as transaortic resec-
tion of partially hypertrophic basal IVS under CPB in 1961 [28]. 
Although septal resection alone was initially thought to be the 
sole etiology [29,30], it is clear recently that LVOTO is a dynamic 

process in which the changes of MV leaflet and/or the sub-val-
vular apparatus play an important role [31-33]. These structural 
changes may directly determine the extent of LVOTO.

In daily practice, MV surgery as part of septal myectomy re-
mains a matter of debate, depending on the morphology of the 
MV and the presence or absence of any intrinsic MV apparatus 
abnormalities. Adjuvant MV procedures include AL plication/
extension [31,34], reorientation of PM [35], secondary chordae 
cutting [18,36,37] and edge-to-edge repair [37,38], with the 
aim of completely relieving LVOTO by reducing the mobility of 
the AL and repositioning the MV apparatus posteriorly.

The current study compared 13 patients’ clinical data who 
underwent shallow septal myectomy and MVP with those of 23 
patients who underwent extended Morrow procedure in the 
cardiac surgery department of Fuwai Yunnan Cardiovascular 
Hospital. Baseline clinical features and echocardiographic find-
ings were similar to those of the China National Heart Center 
studies, with a mean age at 50 years of age and a predominance 
of men. We analyzed the perioperative clinical characteristics, 
myocardium histopathological features and follow up echocar-
diography findings of shallow septal myectomy with a concomi-
tant MV procedure in our study, compared with the extended 
Morrow procedure. Preoperatively, maximal IVS thickness and 
LVOT PG have no significant statistical difference between the 
two groups in our study. However, we noticed that interstitial 
fibrosis of the resected myocardium is more severe in shallow 
septal myectomy + MVP group, which is in keeping with signifi-
cant difference of preoperative LGE, LVEDD, PWT, LVM and LVMI 
between two groups in our study. All of this findings may be the 
indication of more severe LV remodeling in HOCM associated 
with intrinsic abnormalities in MV after long term LVOTO. Fol-
low up results in our study suggest that shallow septal myec-
tomy + MVP can effectively cut down the LVOT PG and decrease 
MR grade compared with extended Morrow procedure, with 
no increased risk of major arrhythmia (ventricular arrhythmia, 
emerging atrial fibrillation, conduction system injury with pace-
maker implantation) after septal myectomy. Additional surgical 
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repair of MV apparatus on top of shallow septal myectomy may 
reduce the need of a deep septal myectomy and also sufficient-
ly release LVOTO with no increase in postoperative arrhythmia.

MR in HOCM is caused by poor coaptation of the posterior 
leaflet (PL) with the abnormally anteriorized AL, either due to 
insufficient length or restricted mobility, which results in an ec-
centric regurgitation jet to the posterior wall of the left atrium 
[39]. Our study showed that the main causes of abnormal tether 
of MV were thickening and calcification of the AL and elongated 
or fibrotic/retracted chordae tendineae. Meanwhile, there are 
half of cases have been reported to have more than one type of 
anomalies which make the surgery more complicated and need 
to focus on MVP, which has resulted in that 70% MVP has more 
than one procedure to repair the complex anatomy of MV in-
trinsic abnormalities.

Because of the intrinsic variability and complexity of HOCM, 
it is important to ensure that patients have received a thor-
ough assessment and tailored intervention, including real-time 
echocardiographic assessment of LV geometry and MV- septum 
interaction. A better preoperative and intraoperative under-
standing of complex pathophysiology can translate into more 
predictable interventions and outcomes, which may help sur-
geons treat MV apparatus abnormalities [40].

In conclusion, shallow septal myectomy combined with MV 
repair has a good effect. This method has good clinical efficacy, 
especially for patients with severe interstitial fibrosis and left 
ventricular remodeling accompanied by LVOTO and intrinsic MV 
abnormalities. 

Study limitations 

This is a single center retrospective study. Further large-sam-
ple multicenter studies, as well as epidemiological studies, are 
needed to validate our findings and mechanisms. The statistical 
analysis was relatively simple. Limited by the short follow-up 
time and the small number of included cases, it is restricted to 
use Spearman rank correlation analysis to deeply explore in our 
study. Due to the limited number of patients enrolled in this 
study, neither ventricular arrhythmias nor emerging atrial fibril-
lation was confirmed, further studies are needed to reveal more 
details of arrhythmia between the two group.
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