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Original Article

Morphology of hypertrophied basal septum contributes to left 
ventricular outflow tract obstruction in patients with hypertrophic 
cardiomyopathy: a retrospective case-control study
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Background: Detailed assessment of basal septal morphology is essential for understanding the 
morphological mechanism of left ventricular outflow tract (LVOT) obstruction. We aimed to analyze the 
morphological alterations of the basal septum (BS) and its surrounding structures and explore their role in 
LVOT obstruction (LVOTO) in patients with hypertrophic cardiomyopathy (HCM).
Methods: During January 2019 and December 2019, 239 patients were diagnosed with HCM at Fuwai 
Hospital. We retrospectively reviewed echocardiographic data sets from 105 consecutive patients with HCM 
[64 with hypertrophic obstructive cardiomyopathy (HOCM) and 41 with hypertrophic non-obstructive 
cardiomyopathy (HNOCM)] and 28 healthy controls. For quantitatively assessing the basal septal 
morphology, a novel measurement method was used to obtain the IVSa (the area of the BS protruding into 
the LVOT), LA (the largest distance of the BS protruding into the LVOT), LB (IVSa length in the direction 
perpendicular to the LA), and S-IVSa (IVSa divided by LB). Echocardiographic parameters associated with 
LVOTO were analyzed using multivariable logistic regression analyses.
Results: There was no significant difference in the maximal basal septal thickness between the HOCM 
and HNOCM patients (P>0.99). Among the three groups, there were significant differences in the length 
of the anterior and posterior mitral leaflets (AML and PML), the angle between the mitral valve orifice 
and ascending aorta (MV-AO) angle, IVSa, LA, LB, and S-IVSa (all P<0.001). Compared with HNOCM 
patients, HOCM patients had significantly longer AML and PML, as well as larger MV-AO angle, IVSa, LA, 
and S-IVSa (P<0.001, P<0.001, P<0.001, P=0.002, P<0.001, and P=0.03, respectively). In the multivariate 
analysis, AML, MV-AO angle, IVSa, and S-IVSa were associated with LVOTO {odds ratio (OR) [95% 
confidence interval (CI)]: 0.649 (0.462–0.911), P=0.01; 0.842 (0.768–0.923), P<0.001; 1.025 (1.001–1.049), 
P=0.04; and 0.276 (0.101–0.754), P=0.01, respectively}.
Conclusions: Morphological alterations of the BS relative to the LVOT may provide additional value for 
estimating the extent of LVOTO. The length of AML, MV-AO angle, IVSa, and S-IVSa were associated 
with LVOTO.
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Introduction

Hypertrophic cardiomyopathy (HCM) is an inherited cardiac 
disease characterized by unexplained cardiac hypertrophy 
(1,2), with a prevalence ranging from 0.2% to 0.5% in young 
adults in the United States (3). Left ventricular outflow 
tract obstruction (LVOTO), also known as hypertrophic 
obstructive cardiomyopathy (HOCM), is a major hallmark 
of HCM and occurs in approximately two-thirds of HCM 
patients (4). LVOTO is associated with adverse outcomes in 
patients with HCM, and clinical symptoms include dyspnea, 
chest pain, palpitations, and syncope (1). 

The mechanism of LVOTO in patients with HCM was 
more complex than it initially seemed. The integration 
of various factors may responsible for the occurrence of 
LVOTO: narrowing of the left ventricular outflow tract 
(LVOT) resulting from the hypertrophied interventricular 
septum (IVS), abnormalities of mitral valve (MV) apparatus, 
and abnormal submitral apparatus [such as anomalous 
MV leaflets and papillary muscle (PM), abnormal muscle 
bundles (MBs)] give rise to systolic anterior motion (SAM) 
and LVOTO (5-8). Septal hypertrophy is one of the major 
characteristics of HCM, and the thickness ≥30 mm is 
associated with sudden cardiac death (9). The main reasons for 
LVOTO were attributed to septal hypertrophy and SAM (10).  
Septal hypertrophy may narrow the LVOT, which is 
sufficient to accelerate blood flow, so that the subsequent 
decrease in pressure could generate a drag force to pull the 
MV anteriorly towards the septum (7).

Echocardiography is the first-line imaging modality 
used to evaluate the cardiac function and structure. With 
routine echocardiography, we found that some patients with 
basal septal hypertrophy did not present with LVOTO. 
Meanwhile, we encountered a subset of HCM cases with 
the same degree of basal septal hypertrophy but with varied 
occurrence of LVOTO. Through preliminary observation, 
we found that there were differences among these patients 
in the morphology of the hypertrophied basal septum 
(BS) and its surrounding structures. However, the existing 
literature on the morphology of the BS, its relationship 
with the surrounding structures, and their role in LVOTO 

in HCM patients is limited. Previous studies about the 
morphology of the BS mainly focused on the thickness 
or qualitative analysis (11,12). In this study, we aimed to 
quantify the morphology of the BS in patients with HCM, 
and we created a new method for measuring the BS. We 
aimed to (I) explore the differences in hypertrophied 
basal septal morphology between HCM patients and 
healthy individuals, and (II) explore the differences in 
the morphology of hypertrophied BS and surrounding 
structures between obstructive HCM and nonobstructive 
HCM patients, thus identifying their role in LVOTO. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-22-1034/rc).

Methods

Study population

We consecutively enrolled 239 patients diagnosed with 
HCM between January 2019 and December 2019 at 
Fuwai Hospital. The exclusion criteria included: (I) apical 
hypertrophy or midventricular hypertrophy (n=112); (II) 
course of cardiovascular disease or myocarditis (n=8); (III) 
ejection fraction (EF) <50% (n=4); (IV) subaortic membrane 
(n=3); and (V) congenital disease, including pulmonary 
valve stenosis, right ventricular obstruction, and Noonan 
syndrome (n=7). According to the preliminary experiment 
results and sample size calculation formula (13): n=2 [Zα + 
Z (1 – β)]2 × SD2/d2, we got a minimum sample size of 11 
in each group using a two-sided significance level α of 5% 
and a power of 0.8. Echocardiographic digital database of 
105 patients was retrospectively analyzed (Figure 1). The 
controls comprised 28 age- and gender-matched individuals 
with no history of hypertension or cardiovascular disease, 
who underwent transthoracic echocardiography (TTE) 
for chest pain or dyspnea, and were found to have no 
echocardiographic abnormalities. According to the 
guidelines for HCM (3,14), a diagnosis of HCM was made 
when unexplained hypertrophy of any myocardial segment 
(wall thickness ≥15 or ≥13 mm in patients with a family 
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history) was shown on two-dimensional echocardiography 
or cardiovascular magnetic resonance; patients refractory 
to pharmacologic therapy and with an LVOT gradient  
≥50 mmHg at rest or during provocation should be referred 
for surgery. LVOTO was defined as a peak pressure gradient 
(PG) of LVOT ≥30 mmHg at rest or after provocation on 
Doppler echocardiography, patients with a LVOT <30 mmHg  
were referred for physiological exercise to detect the 
presence of LVOTO in our study (3,14). Baseline data 
were collected using the hospital information system. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). This study was approved by 
the Institutional Review Board of Fuwai Hospital, and all 
patients provided written informed consent.

Echocardiography

TTE was performed using ultrasonic diagnostic apparatus 
(EPIQ 7C, Philips Healthcare, Andover, MA, USA) 
equipped with S5-1 or X5-1 transducers with frequencies 
ranging from 1 to 5 MHz. Echocardiographic images were 
analyzed offline using the Qlab 13.0 (Philips Healthcare, 
Andover, MA, USA). Left ventricular ejection fraction 
(LVEF), end-diastolic volume (LVEDV), and end-systole 
volume (LVESV) were measured using biplane Simpson’s 

method in the apical two-chamber view (A2C) and four-
chamber views (A4C). LVEDV and LVESV were indexed 
according to body surface area (LVEDVi and LVESVi, 
respectively). The maximal anterobasal IVS thickness was 
measured in the parasternal long-axis view (PLAX) at end-
diastole. The LVOT peak velocity was obtained in the 
apical three-chamber view (A3C) or five-chamber view 
(A5C) using continuous-wave Doppler, and the maximal 
PG was calculated using the Bernoulli equation. Mitral 
regurgitation (MR) was estimated using color Doppler, and 
MR was graded based on the native valvular regurgitation 
guidelines (15): 0, none or trace; 1, mild; 2, moderate; 
3, moderate to severe; and 4, severe. SAM was observed 
in two-dimensional and M-mode echocardiography and 
was classified as follows: (I) brief anterior motion without 
mitral-septal contact; (II) brief mitral-septal contact (lasting 
for <30% of systole); and (III) prolonged mitral-septal 
contact (lasting for >30% of systole) (16). The lengths of 
the anterior mitral leaflet (AML) and posterior mitral leaflet 
(PML) were measured in the A3C at the end of diastole. 
The mitral valve orifice and ascending aorta (MV-AO) 
angle was defined as the angle between the plane of the 
mitral orifice and the ascending aorta, and was measured in 
the A3C at end-diastole. All the echocardiographic images 
were acquired and routine measurements were made by two 

Figure 1 A flow diagram of patients and controls selection. HCM, hypertrophic cardiomyopathy; EF, ejection fraction; LVOT, left ventricular 
outflow tract; PG, pressure gradient; HOCM, hypertrophic obstructive cardiomyopathy; HNOCM, hypertrophic non-obstructive cardiomyopathy. 
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operators with the title of deputy chief physician.

Definition of hypertrophied PM and abnormal MBs

Hypertrophied PM was defined when at least one of the 
two (anterolateral and posteromedial) PMs had a diameter 
of >11 mm in the minor axis (8,17). A single muscular band 
crossing the LV cavity without chordae attached to the MV, 
but extended from the BS to the PM or apex was defined 
as abnormal MBs. MBs can be detected in the PLAX, LV 
short-axis views, A3C, and A4C (6).

Measurement of the basal septal morphology

Basal septal morphology was measured offline in the PLAX 
at the end-systole using the RadiAnt DICOM Viewer 
(Medixant, Poland) (Figure 2). Measurement of the basal 
septal morphology was performed by the same operator with 
five years of professional experience in echocardiography. 
Line A was obtained by making a straight line from the level 
of the aortic annulus, and line B passed through the anterior 
point of the aortic annulus perpendicular to line A. IVSa 
was defined as the area of basal IVS protruding into the 
LVOT, which was bounded by lines A and B (if there was a 
basal MB, then it was included). The IVSa length on line B 

was defined as LB, and the vertical distance from the deepest 
point of the IVS that protruded into the LVOT to line B 
was defined as LA. Standard IVSa (S-IVSa) was defined as 
IVSa divided by LB.

Statistical analysis

Statistical analyses were performed using SPSS (version 
25.0; IBM Inc., Armonk, USA). Categorical variables are 
presented as n (%). Proportions were compared using 
the χ2 or Fisher’s exact test. Continuous variables are 
expressed as mean ± standard deviation when following a 
normal distribution estimated by the Shapiro-Wilk test, 
otherwise expressed as median [interquartile range (IQR)]. 
Continuous variables were analyzed by one-way analysis 
of variance (ANOVA) followed by Bonferroni correction 
for multiple comparisons or Kruskal-Wallis test. The 
maximal PG between HOCM and HNOCM patients was 
compared using a t-test. Echocardiographic parameters 
associated with LVOTO were analyzed using logistic 
regression, and the results are described as odds ratios 
(ORs) with 95% confidence intervals (CIs) and P values. 
Variables for which the P value was <0.1 in univariable 
analyses were evaluated in the multivariable model, and 
backward conditional logistic regression was performed 
with the models. The correlation between age and MV-AO 
angle was measured using Pearson’s correlation coefficient. 
For assessing the reproducibility of the inter-observer and 
intra-observer measurements, continuous variables were 
measured by two experienced echocardiographers who were 
blinded to clinical information. The reproducibility of the 
inter-observer and intra-observer of IVSa, LA, and LB was 
assessed using the Bland-Altman method in 20 randomly 
selected patients. Statistical significance was set at a P value 
of <0.05. 

Results

Patient characteristics 

This study recruited 105 HCM patients and 28 healthy 
controls, and their baseline clinical characteristics are 
summarized in Table 1. Based on whether the peak LVOT 
PG was ≥30 mmHg, patients were divided into the 
obstructive group (HOCM, n=64) and non-obstructive 
group (HNOCM, n=41). Baseline clinical characteristics 
were comparable among the three groups (HOCM, 
HNOCM, and controls) and between the HOCM 

IVSa 

LB 

LA

Line A

Line B

Figure 2 Schematics basal septal morphology measurements. Line 
A was obtained by making a straight line from the level of the 
aortic annulus. Line B went through the anterior point of aortic 
annulus and was perpendicular to line A. IVSa was defined as the 
area of basal IVS protruding into the LVOT (bounded by lines A 
and B). IVSa length on line B was defined as LB, and the vertical 
distance from the deepest point of IVS that protruded into the 
LVOT of line B was defined as LA. IVS, interventricular septum; 
LVOT, left ventricular outflow tract.
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and HNOCM groups, except for the New York Heart 
Association (NYHA) class (P<0.001), which was significantly 
higher in HOCM patients than in HNOCM patients 
(P<0.001).

Echocardiographic findings

Echocardiographic results and comparisons between all 
three groups are shown in Table 2. LVEDVi and LVESVi 
were smaller in HOCM and HNOCM patients than in 
controls (P=0.001 and P <0.001, respectively), and LVEF 
was higher in HOCM patients than in controls (P=0.001). 
No differences were observed in LVEDVi, LVESVi, LVEF, 
or in the presence of hypertrophied PMs between HOCM 
and HNOCM patients (P>0.99, P=0.06, P=0.32, and 
P=0.12, respectively). The maximal basal septal thickness 
was higher in HOCM and HNOCM patients than that in 
controls (P<0.001), and there was no statistical difference 

between HOCM and HNOCM (P>0.99).
For dynamic characteristics of LVOT, the maximal 

LVOT PG in the HOCM group was statistically higher 
than that in the HNOCM group (P<0.001). MR grade ≥2 
(84% vs. 10%, P<0.001) and SAM grade ≥2 (73% vs. 2%, 
P<0.001) were more common in HOCM patients than in 
HNOCM patients. Of the 64 HOCM patients, 51 (80%) 
underwent septal myectomy (SM), and only three patients 
had a residual gradient >30 mmHg after surgery (64 mmHg 
with a grade 2 SAM and grade 1 MR; 32 mmHg with a 
grade 2 SAM and grade 2 MR; and 96 mmHg with a grade 
2 SAM and grade 3 MR).

There were statistically significant in the lengths of 
the AML and PML among HOCM patients, HNOCM 
patients, and controls (P<0.001 for AML; P<0.001 for 
PML). AML and PML were significantly longer in HOCM 
patients than in HNOCM patients (P<0.001). The MV-AO 
angle was larger in HOCM patients than that in HNOCM 

Table 1 Baseline characteristics of the HCM subjects and controls

Characteristics
HCM (n=105)

Controls (n=28)
P value (entire 

cohort)
P value (HOCM vs. 

HNOCM)HOCM (n=64) HNOCM (n=41)

Age (years) 53.1±11.2 48.1±15.4 47.6±8.7 0.054 0.13

Male 41 [64] 23 [56] 14 [50] 0.41 0.42

BSA (m2) 1.8±0.2 1.8±0.2 1.7±0.1 0.12 >0.99

History of hypertension 26 [41] 20 [49] – – 0.42

Hyperlipidaemia 28 [44] 16 [39] – – 0.68

Diabetes mellitus 8 [13] 7 [17] – – 0.57

Coronary artery disease 10 [16] 11 [27] – – 0.21

Angina 22 [34] 16 [39] – – 0.68

Dyspnea 38 [59] 27 [66] – – 0.54

Palpitations 25 [39] 18 [44] – – 0.91

NYHA class I/II/III/IV, n 1/21/41/1 25/12/4/0† 28/0/0/0†‡ <0.001*** <0.001***

Systolic blood pressure (mmHg) 127.0±16.6 128.2±21.5 119.0±9.1 0.06 >0.99

Diastolic blood pressure (mmHg) 73.4±9.7 74.8±11.0 78.0±8.2 0.12 >0.99

Family history of HCM 10 [16] 9 [22] – – 0.44

History of syncope 14 [22] 12 [29] – – 0.48

Beta-blockers 32 [50] 21 [51] – – >0.99

Calcium antagonists 8 [13] 8 [20] – – 0.40
†, P<0.05 vs. HOCM; ‡, P<0.05 vs. HNOCM; ***, P≤0.001. Data are presented as mean ± standard deviation or n [%]. HCM, hypertrophic 
cardiomyopathy; HOCM, hypertrophic obstructive cardiomyopathy; HNOCM, hypertrophic non-obstructive cardiomyopathy; BSA, body 
surface area; NYHA, New York Heart Association. 
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patients and controls, and the statistical difference among 
the three groups was significant (P<0.001). However, no 
significant difference was observed between the HNOCM 
and control groups (P=0.92). The MV-AO angle in patients 
with HCM was positively associated with age (r=0.304, 
P=0.002). There was no significant correlation between age 
and MV-AO angle in controls (r=−0.205, P=0.29).

BS morphology 

Figure 3 illustrates the measurement of BS morphology in 
HOCM and HNOCM patients with the same BS thickness. 
The IVSa, LA and S-IVSa were larger in HOCM and 
HNOCM patients than in controls (P<0.001 for IVSa; 
P<0.001, for LA; P<0.001 for S-IVSa), and the differences 

were significant between the HOCM and HNOCM groups 
(P=0.002 for IVSa, P<0.001 for LA, and P=0.03 for S-IVSa) 
(Figure 4). There was a statistically significant in LB among 
the HOCM, HNOCM, and control groups (P<0.001), 
but no difference was observed between the HOCM and 
HNOCM patients (P>0.99). 

Echocardiographic parameters associated with LVOTO in 
patients with HCM

The association between various echocardiographic 
parameters and LVOTO was assessed using logistic 
regression analysis (Table 3). Univariable analysis revealed 
that the AML length, PML length, MV-AO angle, and 
presence of abnormal MBs, IVSa, LA, and S-IVSa were 

Table 2 Echocardiography measurements of the HCM subjects and controls

Parameters
HCM (n=105)

Controls (n=28)
P value (entire 

cohort)
P value (HOCM 

vs. HNOCM)HOCM (n=64) HNOCM (n=41)

LVEDVi (mL/m2) 47.5 (38.8–56.0) 48.6 (41.1–54.1) 55.9 (50.4–65.0)†‡ 0.001*** >0.99

LVESVi (mL/m2) 11.7 (8.9–14.7) 13.3 (10.5–16.6) 20.1 (16.0–22.8)†‡ <0.001*** 0.06

LVEF (%) 69.0 (67.0–73.0) 68.0 (63.5–71.5) 64.5 (62.3–68.0)† 0.001*** 0.32

Maximal basal septal thickness (mm) 22.3±3.6 22.2±6.1 8.7±1.2†‡ <0.001*** >0.99

Maximal LVOT PG (mmHg) 95.1±28.4 14.2±6.8† – – <0.001***

Mitral regurgitation grades ≥2 54 [84] 4 [10]† – – <0.001***

SAM grades ≥2 47 [73] 1 [2]† – – <0.001***

Length of AML (mm) 29.0±2.7 25.9±2.5† 20.3±2.6†‡ <0.001*** <0.001***

Length of PML (mm) 18.7±1.9 16.6±1.9† 12.4±2.0†‡ <0.001*** <0.001***

MV-AO angle (°) 144.6±10.6 128.4±7.6† 126.0±9.7† <0.001*** <0.001***

Hypertrophied PMs 14 [21.9] 4 [9.8] – – 0.12

Presence of abnormal MBs 36 [56] 13 [31]† – – 0.01**

IVSa (mm2) 217.0±68.3 171.0±57.3† 76.8±34.4†‡ <0.001*** 0.002**

LA (mm) 10.0±2.1 7.7±1.9† 5.7±1.8†‡ <0.001*** <0.001***

LB (mm) 29.1±5.7 29.4±5.4 18.7±4.0†‡ <0.001*** >0.99

S-IVSa (mm2) 7.3±1.3 5.7±1.2† 3.9±1.2† <0.001*** 0.03*

Data are presented as mean ± standard deviation, median (interquartile range) or n [%]. †, P<0.05 vs. HOCM; ‡, P<0.05 vs. HNOCM; 
*, P≤0.05, **, P≤0.01, ***, P≤0.001. HCM, hypertrophic cardiomyopathy; HOCM, hypertrophic obstructive cardiomyopathy; HNOCM, 
hypertrophic non-obstructive cardiomyopathy; LVEDVi, left ventricular end-diastolic volume indexed to body surface area; LVESVi, 
left ventricular end-systolic volume indexed to body surface area; LVEF, left ventricular ejection fraction; LVOT, left ventricular outflow 
tract; PG, pressure gradient; SAM, systolic anterior motion; AML, anterior mitral leaflet; PML, posterior mitral leaflet; MV-AO angle, the 
angle between the mitral valve orifice and ascending aorta; PMs, papillary muscles; MBs, muscle bundles; IVSa, the area of the basal 
septum protruding into the LVOT; LA, the largest distance of the basal septum protruding into the LVOT; LB, IVSa length in the direction 
perpendicular to the LA; S-IVSa, IVSa divided by LB. 
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A B
IVSa: 264.1 mm2 
LA: 11.4 mm 
LB: 34.1 mm

IVSa: 106.6 mm2 
LA: 5.2 mm 
LB: 20.5 mm

Figure 3 Basal septal morphology measurements for two patients with the same basal septum thickness, but variations in LVOTO 
occurrence. (A) An HOCM patient with a basal septal thickness of 28 mm; the IVSa, LA, and LB were 264.1 mm2, 11.4 mm, and 34.1 mm, 
respectively. (B) An HNOCM patient with a basal septal thickness of 28 mm; the IVSa, LA, and LB were 106.6 mm2, 5.2 mm, and 20.5 mm, 
respectively. IVSa, the area of the basal septum protruding into the LVOT; LA, the largest distance of the basal septum protruding into the 
LVOT; LB, IVSa length in the direction perpendicular to the LA; LVOTO, left ventricular outflow tract obstruction; HOCM, hypertrophic 
obstructive cardiomyopathy; HNOCM, hypertrophic non-obstructive cardiomyopathy; LVOT, left ventricular outflow tract.
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Figure 4 Basal septal morphology measurements for HOCM patients, HNOCM patients, and Controls. The LA (A), IVSa (C), and S-IVSa 
(D) were larger in HOCM and HNOCM patients than in controls, and the differences were significant between the HOCM and HNOCM 
groups. There was statistical difference in LB (B) among the HOCM, HNOCM, and controls groups, but no difference was observed 
between HOCM and HNOCM patients. LA, the largest distance of the basal septum protruding into the LVOT; LB, IVSa length in the 
direction perpendicular to the LA; IVSa, the area of the basal septum protruding into the LVOT; S-IVSa, IVSa divided by LB; HOCM, 
hypertrophic obstructive cardiomyopathy; HNOCM, hypertrophic non-obstructive cardiomyopathy; LVOT, left ventricular outflow tract. 



Tao et al. Basal septal morphology in HCM4124

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(7):4117-4129 | https://dx.doi.org/10.21037/qims-22-1034

Table 3 Univariable and multivariable logistic regression analyses showing parameters associated with LVOTO in patients with HCM

Variables
Univariable Multivariable

OR (95 % CI) P value OR (95 % CI) P value

Length of AML 0.574 (0.452–0.729) <0.001*** 0.649 (0.462–0.911) 0.01**

Length of PML 0.542 (0.409–0.718) <0.001***

MV-AO angle 0.843 (0.790–0.898) <0.001*** 0.842 (0.768–0.923) <0.001***

Presence of abnormal MBs 2.769 (1.217–6.304) 0.01**

Hypertrophied PMs 2.590 (0.788–8.511) 0.11

IVSa 0.990 (0.983–0.997) 0.003** 1.025 (1.001–1.049) 0.04*

LA 0.568 (0.443–0.729) <0.001***

S-IVSa 0.457 (0.318–0.656) <0.001 *** 0.276 (0.101–0.754) 0.01**

*, P≤0.05; **, P≤0.01; ***, P≤0.001. For univariable analysis, results were described as OR with 95% CI and P values. Variables for which 
the P value <0.1 in univariable analysis were evaluated in the multivariable model. LVOTO, left ventricular outflow tract obstruction; HCM, 
hypertrophic cardiomyopathy; OR, odds ratio; CI, confidence interval; AML, anterior mitral leaflet; PML, posterior mitral leaflet; MV-AO 
angle, the angle between the mitral valve orifice and ascending aorta; MBs, muscle bundles; PMs, papillary muscles; IVSa, the area of the 
basal septum protruding into the LVOT; LA, the largest distance of the basal septum protruding into the LVOT; S-IVSa, IVSa divided by LB 
(IVSa length in the direction perpendicular to the LA). 

significantly associated with LVOTO. In the multivariate 
analysis, a large AML, an increased MV-AO angle, a large 
IVSa, and a large S-IVSa were associated with LVOTO.

Interobserver and intraobserver reproducibility

The interobserver and intraobserver reproducibility for 
LA, LB, and IVSa measurements were robust (Figure 5). 
Bland-Altman analysis showed no significant differences 
for either intraobserver [mean bias 0.4 mm (95% CI: 
−0.2 to 1.1) for LA; 0.1 mm (95% CI: −2.8 to 3.1) for 
LB; and −1.6 mm2 (95% CI: −15.5 to 12.4) for IVSa], or 
interobserver measurements [mean bias 0.1 mm (95% 
CI: −0.8 to 1.0) for LA; 0.4 mm (95% CI: −1.6 to 2.93)  
for LB; and 4.9 mm2 (95% CI: −11.8 to 21.6) for IVSa].

Discussion

Through quantitative assessment, we found that a larger 
area of IVS protruding into the LVOT was common in 
HOCM patients, which may influence the morphological 
characteristics of LVOT by reducing the distance between 
the IVS and AML, together with the longer AML and 
increased MV-AO angle, resulting in the facilitation of 
SAM and LVOTO. In the multivariate analysis, a longer 
AML, an increased MV-AO angle, a large IVSa, and a large 
S-IVSa were associated with LVOTO.

LVOTO has been a major characteristic of HCM 
since it was first pathologically described (1). Although 
the mechanism leading to this phenomenon has been 
controversial for many years, the general viewpoint is 
that the flow-mediated forces on mitral leaflets and/or 
their supporting apparatus give rise to systolic movement 
of leaflets towards the IVS, thus inducing LVOTO (18). 
The two dominant mechanisms responsible for LVOTO 
are as follows: (I) the hypertrophied septum narrows the 
LVOT, resulting in abnormal blood flow vectors causing 
dynamic anterior displacement of the MV leaflets, and (II) 
anatomical alterations of the MV and apparatus, including 
elongated leaflets as well as anterior displacement of the PM 
and MV apparatus, which makes the valve more susceptible 
to abnormal flow vectors (3). Thus, SAM is generated, 
leading to LVOTO, high intraventricular PGs, and MR 
from malcoaptation of the leaflets (3). 

BS hypertrophy is a basic feature of HCM and is 
involved in the occurrence of obstruction in most cases. 
Nevertheless, researchers have also demonstrated that, in 
patients with mild BS thickness, LVOTO may be induced by 
SAM caused by elongated and highly mobile MV leaflets (12).  
In contrast, in a cohort of unselected patients with isolated 
basal ventricular septal hypertrophy, LVOTO arose 
because of the co-existence of MV coaptation and LV 
hypercontractility, especially the relative position of the MV 
and LVOT (11). Regardless of the degree of BS thickening, 
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various factors may cause LVOTO. In our cohort of 
patients with HCM, we focused on a subset of patients 
with HOCM and HNOCM with a consistent degree of BS 
thickness. To quantitatively assess the morphology of the 
BS relative to the LVOT, we propose a novel measurement 
method for the BS protruding into the LVOT. In our study, 
we found that the area of IVS protruding into the LVOT 
(IVSa) and indexed IVSa (S-IVSa) was larger in HCM than 
in healthy individuals. These indices were larger in patients 

with HOCM than in those with HNOCM. The LVOT is 
the region of the left ventricle that lies between the anterior 
cusp of the MV and the ventricular septum. IVSa and 
S-IVSa could be regarded as effective hypertrophic areas of 
IVS because only this part of IVS could have an impact on 
LVOT morphology and hemodynamics. Thus, we speculate 
that IVS morphology may be a probable factor in the 
induction of LVOTO. The morphology of the BS directly 
affects the morphology of the LVOT. The larger the area 
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Figure 5 Bland-Altman plots for interobserver and intraobserver LA, LB and IVSa measurements. Interobserver (A) and intraobserver (B) 
measurement for LA. Interobserver (C) and intraobserver (D) measurement for LB. Interobserver (E) and intraobserver (F) measurement for 
IVSa. LA, the largest distance of the basal septum protruding into the LVOT; LB, IVSa length in the direction perpendicular to the LA; IVSa, 
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of the effective hypertrophied IVS, the more likely it is 
to alter the blood flow pattern of the LVOT and produce 
obstruction.

Maron et al. (19) revealed that elongation of the mitral 
leaflets is a primary phenotypic expression of HCM and a 
contributor to LVOTO. Numerous studies have reported 
that mitral leaflets in HOCM patients are longer than those 
in HNOCM patients (20-22). Our results confirmed that 
both the AML and PML were longer in HOCM patients 
than in HNOCM patients, and AML was still found to be 
associated with LVOTO in the multivariate analysis. The 
elongated leaflets protruding into the LV cavity are far 
above the mitral annulus plane (20) and play a significant 
role in facilitating SAM (23). During late diastole and early 
systole, blood flow impinges on the posterior surfaces of 
protruding leaflets at a high angle of attack and pushes them 
into a position juxtaposed with the IVS (24). After the mitral 
leaflet contacts the IVS, the PG pushes the obstructed leaflet 
further towards the IVS (25). Lentz Carvalho et al. (26)  
conducted a study to explore whether the MV leaflets’ 
length was associated with the outcomes of SM. They found 
that the MV leaflets were longer in patients undergoing 
SM than in patients undergoing coronary artery bypass 
grafting or aortic valve replacement. Further investigation 
demonstrated that the postoperative LVOT PG or the relief 
of the PG was not associated with the length of the AML, 
which indicated that SM beyond the septal contact point 
was sufficient in almost all patients without intrinsic MV 
disease.

Previous studies have demonstrated that “aortoseptal 
angle” or “left ventricular to aortic root angle” were smaller 
in HOCM patients than in HNOCM patients, and a steeper 
left ventricular to aortic root angle is an independent 
predictor of LVOTO (27,28). These conditions may 
increase the turbulence of flow from the left ventricle 
into the aorta and increase intraventricular pressure, thus 
resulting in LVOT remodeling (28). Unlike previous 
studies, we chose to measure the angle between the MV 
annulus and ascending aorta to avoid potential confounding 
factors that could be generated by varying degrees of 
septal hypertrophy and inaccurate identification the long 
axis of the left ventricle. A large MV-AO angle is one of 
the factors that induce SAM by shifting the mitral leaflets 
anteriorly (29,30). Consistent with previous findings, our 
study showed that patients with HOCM had a larger MV-
AO angle than those with HNOCM, and this was one of 
the echocardiographic parameters that was associated with 
LVOTO. In addition, in patients with HCM, the MV-

AO angle appeared to have a positive correlation with age. 
We speculated that the influence of a larger MV-AO angle 
on the blood flow pattern was similar to the steeper left 
ventricular-to-aortic root angle, and LVOT remodeling 
(represented as a larger MV-AO angle) with age was more 
obvious in patients with HCM than in healthy individuals.

PM hypertrophy presented in more than half of the 
patients with HCM. The hypertrophy of BS and PMs may 
narrow the LVOT by decreasing the distance between the 
IVS and anterolateral PMs (31). An echocardiography study 
by Erden et al. (32) found that the cross-sectional area of 
PMs in patients with HCM was larger than that in healthy 
patients, and LVOTO occurred with a high frequency in 
patients with severely hypertrophied PMs. In this study, 
we observed the incidence of hypertrophied PMs and no 
difference was found in the presence of hypertrophied PMs 
between HOCM and HNOCM patients. Irrespective of 
demographic and clinical characteristics (included septal 
thickness), the presence of apical MB is associated with 
HCM expression. The prevalence of apical MBs in patients 
with mild septal hypertrophy has been demonstrated to 
be consistent with that in patients with evident septal 
hypertrophy. Researchers revealed that basal MBs, 
integrating with the hypertrophied IVS, increased MV-AO 
angle, and longer AML, may narrow the LVOT and lead to 
SAM by bringing the IVS/MBs closer to AML (6). In our 
study, we found that abnormal MBs were more common in 
patients with HOCM than in those with HNOCM, which 
is consistent with previous findings. In the univariable 
logistic regression analysis, the presence of MBs was found 
to be one of the associated factors for LVOTO, in addition 
to the length of the AML, PML, MV-AO angle, IVSa, and 
a large S-IVSa. However, in further multivariable analyses, 
the presence of MBs was not considered an associated factor 
for LVOTO. We speculated that the presence of abnormal 
basal MBs may facilitate LVOTO by increasing IVSa, which 
was found to be related to LVOTO.

Limitations

This study had several limitations. First, the patients 
enrolled in our study were from a single center. Second, 
enrollment of eligible cases was conducted by the same 
author, resulting in selection bias in our study. Third, the 
numbers of patients included in this study was is not large 
enough. Fourth, the definition of LVOTO (PG >30 mmHg) 
is not a natural categorical status, and a larger sample size to 
explore the BS morphology and continuous PG of LVOT 
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is still needed. Fifth, there are many recognized risk factors 
related to LVOTO (such as abnormalities of the mitral 
apparatus and subvalvular apparatus), but we analyzed only 
hypertrophy of PMs and did not include other abnormalities 
such as PM displacement or insertion of PM into the mitral 
leaflets. Since this was a retrospective study, we could only 
gather information from the completed examinations. 
Because of the limited and incomplete data regarding 
mitral apparatus and subvalvular apparatus, we failed to 
include more recognized risk factors related to LVOTO. 
In the future, we would like to conduct a prospective study 
to collect more detailed information of these risk factors. 
Finally, morphological changes of the BS in patients with 
HOCM after SM or alcohol septal ablation have not been 
estimated; therefore, the role of basal septal morphology in 
the relief of obstruction is unclear.

Conclusions

Morphological alterations of the BS relative to the LVOT 
are associated with LVOTO. More attention should be 
paid to detailed assessing the basal septal morphology 
and its surrounding structures in addition to basal septal 
thickness. IVS with a large area protruding into the LVOT 
was common in patients with HOCM, which may integrate 
into the elongated AML and large MV-AO angle, resulting 
in the facilitation of SAM and LVOTO. A longer AML, an 
increased MV-AO angle, a large IVSa, and a large S-IVSa 
were associated with LVOTO.
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