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Midventricular Obstruction and 
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Abstract
The presence of intraventricular obstruction is a 
powerful predictor of outcome in patients with hy-
pertrophic cardiomyopathy (HCM) and, when associ-
ated with severe, drug-refractory symptoms, should 
be managed aggressively. Resting left ventricular 
outflow obstruction is found in approximately 20% 
of the patients, classically occurs at the subaortic 
level, and is associated with mitral valve systolic an-
terior motion (SAM). In a minority of patients, how-
ever, the impedance to flow occurs at midventricular 
level, unrelated to SAM. Symptomatic midventricular 
obstruction represents a clinical challenge, and its 

treatment is not standardized. In these patients, both 
surgical myectomy and alcohol septal ablation (ASA) 
are technically feasible. A rational approach to the 
management of these patients depends on accurate 
characterization of the pathophysiology, coupled 
with comparison of the results of different manage-
ment strategies. To illustrate these points, the details 
of a patient who first underwent percutaneous ASA 
and subsequently required redo surgical treatment 
are described here, with special emphasis on the im-
plications to the management of midventricular ob-
struction, as well as to the more global issue of ob-
structive HCM.

Klinischer Behandlungspfad bei hypertrophischer obstruktiver Kardiomyopathie

Zusammenfassung
Unter Ruhebedingungen findet sich bei Patienten mit 
hypertrophischer Kardiomyopathie in ca. 20% der Fäl-
le ein Ausflussbahngradient. Sein Nachweis ist ein 
bedeutsamer prognostischer Faktor. Die mit schwe-
ren, medikamentös nicht beeinflussbaren Symp-
tomen verbundene Ruheobstruktion bedarf einer in-
vasiven Therapie. Die klassische linksventrikuläre 
Ausflussbahnobstruktion findet sich subaortal, ver-
ursacht durch oder assoziiert mit systolischer Vor-
wärtsbewegung (SAM) des vorderen Mitralsegels. 
Seltener findet sie sich mittventrikulär, ohne Bezie-
hung zur SAM. Die mittventrikuläre Obstruktion stellt 
eine klinische Herausforderung dar, da es keine stan-

dardisierte Behandlung gibt: Sowohl eine Myektomie 
als auch eine Alkohol-Septumablation (ASA) sind 
technisch adäquate Alternativen. Am eigenen Zen-
trum wird insbesondere bei jungen Patienten mit aty-
pischer Pathophysiologie die Myektomie zur Beseiti-
gung des Gradienten und zur Behandlung der Symp-
tome der Patienten bevorzugt, während andere 
Zentren auch über gute Ergebnisse nach einer Sep-
tumablation berichten. Die hier vorgestellte Kasuistik 
zeigt die Grenzen der ablativen Behandlung und die 
zusätzlichen Möglichkeiten einer chirurgischen Kor-
rektur der pathologischen Anatomie. Sie stellt die 
Grundlage eines Behandlungsalgorithmus bei Pati-
enten mit hypertrophischer Kardiomyopathie dar.
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Introduction
In patients with hypertrophic cardiomyopathy 
(HCM), dynamic left ventricular (LV) outflow tract 
obstruction, a classic pathophysiological feature of 
the disease, is associated with an increased risk of 
clinical deterioration and cardiovascular mortality 
[1–4]. Under resting conditions LV outflow obstruc-
tion is found in approximately 20% of HCM patients 
[1]. In an additional proportion of patients, close to 
40%, a gradient ≥ 50 mmHg can be elicited with phys-
iological provocation (exercise) [5]. LV outflow ob-

struction classically occurs at the subaortic level, 
mainly due to mitral valve systolic anterior motion 
(SAM) causing mid-systolic septal contact [1, 2]. 
SAM is produced by a drag effect in the presence of 
high-velocity LV ejection, and is largely responsible 
for concomitant mitral regurgitation due to incom-
plete leaflet apposition [6, 7]. In a minority of HCM 
patients, however, the impedance to flow occurs at 
the midventricular level, unrelated to SAM, and is 
predominantly caused by marked septal hypertrophy 
coming into contact with a hypercontractile antero-
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lateral LV wall, often with the interposition of the 
anterolateral papillary muscle [1, 4], and hypertro-
phic longitudinal muscle bands on the posterolateral 
wall of the LV.

Midventricular obstruction represents a clinical 
challenge when associated with severe symptoms, 
and its treatment is not standardized. In an attempt to 
clarify this issue, we present a case of midventricular 
obstruction, and discuss the implications for manage-
ment in HCM patients.

Case Presentation
A young woman was diagnosed with HCM at the 
age of 27, and was referred to our institution for 
evaluation. She complained of mild dyspnea on ef-
fort (New York Heart Association [NYHA] func-
tional class II), and frequent palpitations. The family 
history was unremarkable. Genetic analysis showed 
an R869H missense mutation on MYH7 gene. On 
examination, she had a 3/6 grade ejection murmur in 
the subaortic area, which increased with the Valsal-
va maneuver. The echocardiogram showed very 
marked asymmetric hypertrophy of the LV, with a 

maximum septal thickness of 34 mm measured at 
the midventricular level. At this point, there was 
systolic septal contact with the anterolateral wall, 
with sphincter-like cavity obliteration creating two 
distinct (basal and apical) chambers (Figure 1). 
There was no SAM of the mitral valve. Doppler ex-
amination showed midventricular obstruction with 
a peak systolic gradient of 40 mmHg. There was no 
obstruction of the LV outflow, nor significant mitral 
regurgitation. She was started on β-blockers (nado-
lol 80 mg/day) and followed regularly.

In the following years she developed worsening 
of her congestive symptoms (to NYHA class III) de-
spite progressive increase of nadolol dosage (to 160 
mg/day). Furthermore, she experienced several dizzy 
spells and one syncopal episode on effort. Repeated 
Holter ECG monitorings showed brief runs of non-
sustained ventricular tachycardia. A treadmill exer-
cise test showed marked reduction in functional ca-
pacity, and an abnormal blood pressure response 
(early drop in systolic blood pressure of 25 mmHg). 
Therefore, at the age of 31, she received an implant-
able cardioverter defibrillator (ICD) and a few 
months later she underwent percutaneous alcohol 
septal ablation (ASA) for relief of midventricular ob-
struction. An echocardiogram before ASA showed a 
midventricular peak systolic gradient of 54 mmHg, 
which was reduced to 22 mmHg after the procedure, 
and remained < 20 mmHg in the following months 
(Figure 2). The patient’s symptoms improved dra-
matically, and she resumed a normal lifestyle. No fur-
ther syncopal episodes occurred, and there were no 
ICD interventions.

5 years later, however, she complained of recur-
ring dyspnea on effort, and her symptoms rapidly re-
turned to “exactly like they were before ASA”. An 
echocardiogram again showed marked intracavitary 
LV obstruction at the midventricular level, with a 
peak gradient of 66 mmHg (Figure 3a). At this stage, 
she was offered surgery, which she readily accepted 
in order to regain the symptomatic improvement ex-
perienced after ASA, which had been progressively 
lost. She therefore underwent operation performed 
through a transaortic approach combined with a 
“fishmouth” incision of the LV apex, in order to 
achieve full relief of the midventricular, sphincter-like 
obstruction. This resulted in the complete abolition 
of the midventricular gradient, with a significant in-
crease in LV cavity size at this level (Figure 3b). The 
patient, now aged 36, experienced dramatic improve-
ment of her symptoms. She remains virtually free of 
congestive symptoms and functional limitation, and 
is back to her presymptomatic lifestyle. Subsequent 
follow-up echocardiograms have confirmed the ab-
sence of dynamic gradients within the LV, and pre-
served systolic function.

Figures 1a to 1c. 
Baseline echocar-
diogram (at age 27) 
showing marked 
asymmetric septal 
hypertrophy in the 
parasternal long-ax-
is view (a), systolic 
obliteration of the 
left ventricle at the 
midventricular level 
in parasternal 
short-axis (b) and 
apical two-chamber 
view (c). Upper right 
panel: continu-
ous-wave (CW) 
Doppler evidence of 
a spade-like mid-
ventricular systolic 
gradient (peak 40 
mmHg).
Abbildungen 1a bis 
1c. Erstes Echokar-
dio gramm (im Alter 
von 27 Jahren) mit 
ausgeprägter asym-
metrischer Septum-
hypertrophie in der 
langen Achse (a), 
Obliteration in der 
Mitte des linken 
Ventrikels in der pa-
rasternalen kurzen 
Achse (b) und im 
apikalen Zweikam-
merblick (c). Oben 
rechts: Im 
Continuous-Wave-
(CW-)Doppler zeigt 
sich ein mittventri-
kulärer Gradient 
von 40 mmHg.

a

b

c
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Pathophysiology and Clinical Consequen-
ces of Intraventricular Obstruction

Dynamic LV outflow obstruction has attracted the in-
terest of clinicians involved in HCM since the early 
descriptions of the disease. Only recently, however, 
has outflow obstruction been identified as a major 
prognostic indicator in patients with HCM. In a multi-
center study coauthored by our group [2], patients with 
a gradient ≥ 30 mmHg in resting conditions incurred an 
almost fourfold independent increase in HCM-related 
mortality or progressive clinical deterioration to se-
vere congestive symptoms, compared to nonobstruc-
tive patients. Among patients with obstruction, the 
outcome was more severe in the presence of symp-
toms, or when atrial fibrillation was present [8]. Subse-
quent studies have reported consistent findings [3].

Of note, none of these reports have specifically 
addressed the issue of midventricular obstruction, 
due to its relative rarity and unique pathophysiology 
[9]. For clinical purposes, however, it seems reason-
able to expand to this peculiar HCM subgroup the 
conclusions derived from the large studies based on 
the classic, SAM-related form of intraventricular ob-
struction. Therefore, an indication for invasive septal 
reduction therapies should be considered when mid-
ventricular obstruction is associated with severe, 
drug-refractory symptoms.

The Issue of Sudden Death
LV outflow tract obstruction at rest is associated with 
an increased risk of sudden cardiac death [2, 10]. Spe-
cifically, the relative risk of sudden death associated 
with LV outflow obstruction is about twofold that of 
nonobstructive patients. This finding is presumably 
due to increased hemodynamic and electric instabili-
ty in patients with obstructive HCM, as a result of el-
evated intraventricular pressures and subendocardial 
ischemia occurring in the context of diffuse microvas-
cular dysfunction [11]. It is noteworthy, however, that 
while doubling of relative risk for sudden death in ob-
structive patients may seem substantial, the absolute 
increase in risk is actually small, due to the low event 
rates observed in HCM cohorts (0.3–1% per year) 
[12]. In addition, the intracavitary LV gradients in 
HCM patients are classically dynamic, and may 
change considerably (or even disappear) depending 
on medical or invasive management, LV loading con-
ditions and systolic function [1–5]. As a consequence, 
the positive predictive value and reliability of a rest-
ing gradient ≥ 30 mmHg are too low to guide any 
clinical decision for primary prevention of sudden 
death in HCM patients, particularly with regard to 
ICD implantation. Thus, as in the clinical case de-
scribed, ICDs should only be implanted in obstruc-
tive patients when warranted based on the established 

risk factors outlined in the existing guidelines, which 
include prior cardiac arrest or sustained ventricular 
tachycardia, malignant family history, unexplained 
syncope, repetitive nonsustained ventricular tachy-
cardia, abnormal blood pressure response during ex-
ercise, and extreme LV hypertrophy [4].

Therapeutic Options for Obstructive HCM
In symptomatic patients with LV outflow obstruc-
tion, β-blocking agents and/or verapamil may im-
prove congestive symptoms and functional limitation, 
although there is no evidence that these agents have a 
consistent effect on the intraventricular gradient [4]. 
Disopyramide, a class IA antiarrhythmic drug with 
negative inotropic properties, has also been reported 
to improve symptoms by reducing the degree of ob-

Figures 2a to 2d. Two-dimensional echocardiographic images (apical four-cham-
ber view) during the ASA procedure. a) Flow turbulence caused by midventricular 
obstruction, associated with a resting systolic gradient of 54 mmHg. b) Injection 
of contrast medium in the first septal branch showing diffuse misplacement 
along the intraventricular septum. c) Injection in the second septal branch, show-
ing optimal opacification of the target area of contact with the papillary muscle 
and free left ventricular wall. d) Final result after ethanol injection in the target 
area, with a residual systolic gradient of 22 mmHg.
Abbildungen 2a bis 2d. Zweidimensionale Echokardiographie (apikaler Vierkam-
merblick) während der Alkohol-Septumablation. a) Die flussbedingte Turbulenz 
verursacht durch die mittventrikuläre Obstruktion einen Gradienten von 54 
mmHg. b) Die Injektion von Röntgenkontrastmittel in den ersten Septumast er-
gibt eine diffuse Verteilung entlang dem Septum. c) Die Injektion in den zweiten 
Septumast ergibt eine optimale Kontrastierung des für die Ablation geeigneten 
Septumanteils in nächster Nähe zu Papillarmuskel und freier Wand des linken 
Ventrikels. d) Ergebnis nach Alkoholinjektion in das Zielgebiet mit einem auf 
22 mmHg reduzierten Gradienten.

a b

c

d
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struction, particularly when combined with β-block-
ers [6]. However, medical therapy is rarely capable of 
achieving adequate and long-lasting control of ob-
struction-related symptoms [4, 13]. In patients with 
marked LV outflow tract obstruction (peak instanta-
neous gradient ≥ 50 mmHg at rest or with exercise) 
and heart failure symptoms refractory to maximum 
tolerated medical therapy, invasive relief of the intra-
ventricular gradient should be considered [1–4, 13].

For several decades, surgical septal myectomy has 
been the only established invasive treatment for ob-
structive HCM [4, 13–17]. Surgical myectomy is associ-
ated with very low complications rates at experienced 
centers, and has been shown to substantially and per-
manently abolish the LV outflow gradient and mitral 
regurgitation due to SAM in most patients [4, 13]. A 
successful myectomy is classically followed by dramat-
ic long-term improvement in symptoms, and confers 
enhanced survival and protection from disease pro-
gression [4, 13–17]. In one recent study, patients with 
surgical myectomy showed a life expectancy compa-
rable to that of the general population, with a 98% car-
diovascular survival at 5 years and 95% at 10 years 

[15]. Furthermore, myectomy patients showed better 
long-term overall survival, and a reduced risk for sud-
den unexpected death, compared to obstructive pa-
tients who were treated medically [15].

The percutaneous technique of ASA procedure 
has been introduced only a decade ago, but has rap-
idly experienced increasing popularity, because it is 
less invasive and more accessible outside HCM refer-
ral centers [18–21]. At present, ASA is the most prev-
alent invasive treatment for obstructive HCM, and is 
performed in such striking volumes as to suggest that 
lower symptom and gradient thresholds may have 
been employed for referral, compared to surgery [13]. 
ASA achieves its hemodynamic and clinical effects 
by means of a localized ethanol-induced myocardial 
infarction, aimed at the septal area of contact with 
SAM. In the process, a residual intramyocardial scar 
is created that has raised concerns due to its potential 
role in triggering life-threatening arrhythmias [13]. 
The acute effects of ASA on the gradient are gener-
ally less striking than surgery. In the course of several 
months, however, ASA induces progressive remodel-
ing of the ouflow tract, ultimately reducing SAM and 
relieving symptoms in most patients [19–21]. Never-
theless, some of the available, nonrandomized com-
parative analyses suggest that gradient reduction by 
ASA is somewhat less consistent and complete than 
with surgical myectomy [22–25]. Since the long-term 
safety of ASA remains to be established, the current 
American College of Cardiology/European Society 
of Cardiology (ACC/ESC) guidelines support the 
view that surgical septal myectomy should represent 
the gold standard treatment for drug-refractory pa-
tients with obstructive HCM, particularly in the 
young, while ASA should be considered an impor-
tant complementary treatment option to be preferred 
in those patients who are elderly, have increased 
ope-rative risk, do not have access to expert surgical 
centers, or reject operation [4].

Recurrence of Obstruction Following Septal 
Reduction Therapies

There is paucity of information regarding the recur-
rence of intraventricular obstruction following myec-
tomy or ASA. In surgically treated patients, recur-
rences of the gradient requiring redo procedures are 
generally reported as rare. In a recent study from the 
Mayo Clinic, only 13 of 610 consecutive myectomies 
(2%) were repeat procedures performed in patients 
who required a novel operation due to recurrent ob-
struction [26]. Mechanisms of recurrence included 
limited myectomy at initial operation, midventricular 
obstruction and anomalies of papillary muscles. The 
authors suggest that the need for reoperation may be 
reduced with modern surgical techniques that include 

Figures 3a and 3b. Results of surgical myectomy. a) Echocardiogram obtained be-
fore surgical myectomy, showing turbulence at midventricular level, associated 
with a peak systolic gradient of 66 mmHg. b) 3 months after the extended myec-
tomy, there is only trivial midventricular turbulence, with abolition of the gradi-
ent.
Abbildungen 3a und 3b. Ergebnis der chirurgischen Myektomie. a) Das Echokar-
diogramm zeigt die mittventrikuläre Turbulenz mit einem Gradienten von 66 
mmHg. b) 3 Monate nach ausgedehnter Myoektomie ist mittventrikulär nur noch 
eine minimale Turbulenz vorhanden, der Gradient ist nicht mehr nachweisbar.

a b
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per. A flow chart illustrating a contemporary ap-
proach to HCM, derived from the guidelines and our 
own clinical practice, is shown in Figure 4.

Conclusion
The presence of intraventricular obstruction is a 
powerful predictor of outcome in HCM patients 
and, when associated with severe, drug-refractory 
symptoms, should be managed invasively. Effective 
septal reduction therapies include surgical myecto-
my and ASA: both techniques are feasible also in 
the rare HCM patients with severe midventricular 
obstruction, although such feature represents a 
greater technical challenge compared to classic 
SAM-related obstruction. In our experience, sur-
gery offers the best chance of permanent gradient 
and symptom relief, and should be the preferred op-
tion in obstructive young HCM patients, especially 
when atypical pathophysiological features contrib-
ute to the obstruction.
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