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Introduction

In patients with obstructive hypertrophic cardiomy-
opathy (HCM), left ventricular outflow tract (LVOT) 

obstruction can be created by the hypertrophic interven-
tricular septum (IVS) as well as systolic anterior motion 
(SAM) of the anterior mitral leaflet (AML). An early 
theory of SAM was that hypertrophy IVS causes a nar-
rowing of the LVOT and that high blood velocities in the 
LVOT cause Venturi forces that suck the AML into the 
IVS. Recently, it was reported that LVOT blood veloci-
ties are not high to make significant Venturi forces at the 
onset of SAM and blood flow behind the AML is 
observed early in systole.1,2) This dragging force of 
blood flow pushes the AML from behind and sweeps 
them into the IVS. The principal role of the hypertro-
phied IVS is that it redirects flow posteriorly and later-
ally in the left ventricular (LV) cavity, so that its early 
systolic flow strikes the AML on the wrong side. SAM 
is understood as an overlap between the inflow and out-
flow portions of the LV.3) Once AML–IVS contact 
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occurs, it produces the pressure gradient that further 
narrows the LVOT.

Sufficient septal myectomy is a theoretical and funda-
mental surgical technique to treat LVOT obstruction. 
Septal myectomy redirects ejection flow anteriorly and 
medially away from the AML, and this physiological 
flow reduces the dragging force to the AML. However, 
direct surgical management for SAM is another key 
aspect of surgery for obstructive HCM. SAM is caused 
by many factors besides the hypertrophic IVS. Mitral 
valve, subvalvular apparatus, and papillary muscle may 
play important role for SAM in the majority of patients.

Elongated AML is the most common abnormality. It 
protrudes the coaptation plane into the LV ejection flow4) 
and makes the AML slack that permits increased mobil-
ity. Anterior position of the AML in the LV cavity is the 
necessary condition for SAM. In this condition, LV flow 
is easy to strike the posterior side of the AML.1,2) Another 
common anomaly is an anteriorly positioned head of the 
anterolateral papillary muscle that positions the AML 
into the LV outflow tract by tenting the AML anteriorly. 
Anatomical and functional abnormalities of these 
structures should be evaluated precisely by diagnostic 
imaging such as echocardiography, magnetic resonance 
imaging, or four-dimensional computed tomography, 
and additional procedure to treat these abnormalities 
may be required to manage SAM in several cases. So 
direct management of SAM is another key aspect of 
surgery for obstructive HCM. SAM can be caused after 
mitral valve repair, and anatomical, functional abnor-
malities of valvular and subvalvular structures also play 
important role for SAM in such cases and surgical 
management of these abnormalities should reduce SAM.

Several kinds of surgical technique have been proposed 
to treat SAM in literature. In this review, each surgical 
technique is classified by the anatomical structure on 
which the surgical procedure is applied. They are IVS, 
AML, posterior mitral valve leaflet (PML), papillary mus-
cle, and subvalvular apparatus, and most of the surgical 
techniques are applied on the AML with plication, exten-
sion, suture, or traction. Each procedure is introduced 
with technical aspects and theoretical ones as well.

Surgical Management of SAM

Intraventricular septum
Extended septal myectomy

Septal myectomy is based on Morrow’s technique. It 
was originally reported as myotomy from the apex of the 

heart to the aortic annulus.5) Myectomy consists of creat-
ing a rectangular channel in the IVS. Two parallel 
incisions are made beneath nadir of right coronary cusp 
and as far leftward as possible. These incisions are joined 
by a transverse incision.6) Extended myectomy and 
reconstruction of the subvalvular mitral apparatus have 
been proposed by Messmer,7) and the current extended 
septal myectomy technique was confirmed by the Mayo 
Clinic group.8) Sufficient volume reduction of the IVS is 
a key of extended myectomy and several techniques 
were introduced to achieve a safe and satisfactory septal 
myectomy. We have proposed a needle stick technique 
for septal myectomy. Three 21-gauge needles are 
inserted into the IVS just below the aortic valve annulus 
beyond the far side of the septal bulge. The right and left 
needles are both side margins, and the center needle is a 
guide for the thickness. Each needle plays a role as a 
mark of resection for the width, length, and thickness. 
The needles also stabilize the ventricular septum and 
provide good exposure of the entire IVS. This technique 
is helpful to safely achieve sufficient septal myectomy of 
a constant thickness.9)

Anterior mitral leaflet (AML)
Plication of the AML

Elongation of AMLs is one of major causes for SAM, 
and Klues and associates found that 44% of patients with 
obstructive HCM had enlarged and elongated mitral 
valves leaflets.10) Shortening of an elongated AML is a 
theoretical technique to reduce SAM in such cases. Two 
kinds of methods have been proposed in literature. One 
is vertical plication and another is resection–plication–
release (RPR) technique.

a. Vertical plication (Fig. 1A)
McIntosh et al. proposed the vertical plication of the 

AML. The AML is plicated along its long axis to reduce 
the billowing of the AML. The effects of this procedure 
were assessed in 34 patients and 28 cases were reported 
to gain substantial functional improvement after surgery. 
There was no hemodynamic evidence of mitral stenosis 
and one patient had increase in mitral regurgitation after 
surgery. This technique reduces the width but not the 
length of the AML.11)

b. RPR (resection-plication-release) strategy (Fig. 1B)
Swistel and Sherrid proposed the horizontal plication 

of the AML. If the AML is excessively long, a horizontal 
plication can be performed, or if a residual leaflet portion 
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is present, it can be resected. This technique is called 
RPR strategy. The main body of the AML, just below the 
mitro-aortic curtain, was plicated with four or five 
horizontal mattress sutures of 5–0 polypropylene mono-
filament sutures along the short axis of the AML. It can 
shorten an excessive long AML by anywhere from 3 to 6 

mm.12) The RPR strategy has been applied on milder 
hypertrophic IVS under 18 mm and longer AML height 
of 30 mm or 17 mm/m2. RPR can be performed through 
the transaortic approach.13) The RPR strategy is safe and 
effective for symptomatic obstructive HCM and results 
in good intermediate outcomes with respect to gradient, 
mitral regurgitation, and clinical status.14) RPR per-
formed by experienced surgeons in 252 patients led to 
excellent clinical outcomes with an operative mortality 
of 0.4% and 1-year survival of 98%.15)

Raney and colleagues also reported a ‘Pomeroy 
procedure,’ which consisted of removal of excess tissue 
and reduction of the AML height in addition to reduc-
tion in the PML height and oversizing of the annu-
loplasty ring.16)

Khalpey and colleagues presented partial AML valvu-
loplasty to prevent SAM in patients with a redundant 
lateral segment of the AML by folding its elongated por-
tion underneath the body of the AML. This technique 
directly addresses the functional anatomic geometry 
responsible for SAM (Fig. 1C).17)

Extension of the AML
a. The anterior mitral leaflet extension (AMLE) (Fig. 2A)

The AMLE was introduced by the Erasmus Univer-
sity group. It involves the vertical incision of the AML, 
followed by the suture of an oval autologous pericardial 
patch pretreated with glutaraldehyde.18) The AML is 
incised longitudinally from its subaortic hinge point to 
the rough zone. The patch, 3 cm wide and 2.5 cm long, 
is sewn onto the ventricular surface of the AML at the 
site of the incision by using three running polypropyl-
ene monofilament sutures. The patch extends the width 
of the AML but not its length, determining a lateral 
shift of the central-attached chordae tendineae that 
result more under tension. This technique stiffens the 
central portion of the AML and prevents its abnormal 
mobility, which may induce SAM. The same working 
group reported excellent outcomes with 8.3 ± 6.1 years 
of average follow-up period in 98 patients. SAM grade 
was reduced from 2.4 ± 0.9 to 0.1 ± 0.3 (p <0.001) and 
10-year cumulative survival rate was 92%. AMLE is a 
low-risk surgical procedure, which results in long-term 
symptom relief and survival similar to the general 
population.19)

b. Transverse incision of the AML
Transverse incision of the AML along the anterior 

annulus was also reported.20) The AML was detached 

Fig. 1  �Schema of the surgical technique of plication of the AML. 
(A) Vertical plication. The AML is plicated along its long 
axis to reduce the billowing of the AML. (B) RPR 
(resection-plication-release) strategy. If the AML is 
excessively long, a horizontal plication can be performed, 
or if a residual leaflet portion is present, it can be resected. 
(C) Partial anterior leaflet valvuloplasty. A redundant lat-
eral segment of the AML is plicated by folding its elon-
gated portion underneath the body of the AML. AML: 
anterior mitral leaflet 
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from the valve commissures, which provided direct 
visualization and access of the IVS. A trans-mitral 
extended Morrow procedure was utilized for septal 
myectomy. The incision was covered with an oval 
autologous pericardial patch pretreated with glutaral-
dehyde. Zhang et al. reported 16 patients who under-
went transmitral septal myectomy and enlargement of 
LV outflow with an autologous pericardial patch in 
transverse configuration.21) It resolved SAM in all with 
only mild residual mitral regurgitation. This technique 
can stiffen the central portion of the AML but extends 
the length of the AML (Fig. 2B).

Sutures of the AML
a. Edge-to-edge repair (Fig. 3A)

The edge-to-edge sutures were proposed as a central 
double orifice technique in mitral valve repair by Alfieri 
and colleagues. Orifice mitral valve is created by 

approximating the free edges of the leaflets at the site of 
regurgitation, usually with a running 4-0 polypropylene 
monofilament suture. In cases of very thin leaflets, 1 or 

Fig. 2  �Schema of the surgical technique of extension of the AML. 
(A) AMLE (anterior mitral leaflet extension). It involves 
the vertical incision of the AML, followed by the suture of 
an oval autologous pericardial patch pretreated with glutar-
aldehyde. (B) Transverse incision of the AML. Transverse 
incision of the AML is made along the anterior annulus and 
is covered with an oval autologous pericardial patch pre-
treated with glutaraldehyde. AML: anterior mitral leaflet 

Fig. 3  �Schema of the surgical technique of sutures of the AML. 
(A) Edge-to-edge repair. The free edges of the AML and 
the posterior mitral leaflet are approximated at the site of 
regurgitation with a running 4-0 polypropylene monofila-
ment suture or pledgeted polypropylene monofilament 
mattress sutures. (B) Asymmetric Alfieri’s stitch. The 
edge-to-edge suture is placed between the A1 and P1 seg-
ments and not in the midline. (C) ALRP (anterior leaflet 
retention plasty). The segments of the AML closest to the 
trigones are sutured to the corresponding posterior annu-
lus with pledgeted polypropylene monofilament mattress 
sutures. AML: anterior mitral leaflet
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more U-shaped 5-0 polypropylene monofilament stitches 
reinforced with pledgets are used. Excellent long-term 
results of this method have been documented for effec-
tiveness and durability.22) The edge-to-edge sutures have 
been proposed to eliminate SAM conveniently. Myers 
and colleagues reported 65 cases who underwent the 
edge-to-edge sutures for treatment of SAM in mitral 
valve repair. The incidence of SAM was 5.7%. SAM was 
completely eliminated and no patients developed mitral 
stenosis (mean transmitral gradient, 2.0 +/–2.6 mmHg). 
Only one case presented late recurrence of SAM during 
a mean follow-up of 26 months.23)

The edge-to-edge sutures can be applied via the tran-
saortic approach. Shah and coworkers presented 24 
patients who underwent septal myectomy and mitral 
valve repair using the edge-to-edge sutures for obstruc-
tive HCM associated with SAM. They concluded that the 
edge-to-edge sutures is feasible in most cases as an addi-
tional repair tool to improve mitral valve regurgitation 
and minimize SAM and may have a role in addressing 
mitral disease, such as a long or fibrotic mitral valve.24)

However, the edge-to-edge sutures associates with a 
potentially increased risk of mitral stenosis, especially in 
patients with a small mitral annulus. It was reported that 
the edge-to-edge technique can reduce the mitral valve 
orifice area up to 60%.25)

Pereda and colleagues presented a modification of the 
edge-to-edge technique named asymmetric Alfieri’s 
stitch. They placed the edge-to-edge suture between the 
A1 and P1 segments and not in the midline. The leaflet 
segments responsible vary, and the lateral segments of 
the AML or even the posterior leaflet may be implicated 
(Fig. 3B).26)

b. Anterior leaflet retention plasty (ALRP) (Fig. 3C)
Delmo Walter and Hetzer proposed ALRP and 

reported the Berlin experience. The segments of the 
AML closest to the trigones are sutured to the corre-
sponding posterior annulus, wherein the polypropylene 
monofilament mattress sutures are pledgeted with 
untreated autologous pericardium. These sutures are 
passed through the coaptation line of the AML and the 
corresponding posterior annulus trigones. The valve ori-
fice area is assessed with a valve sizer and the appropri-
ate valve size is determined based on the body surface 
area. ALRP limits the mobility of the AML in the seg-
ment running along the anterior annulus and avoids pro-
ducing SAM. They applied ALRP on 57 cases in 305 
septal myectomies. Mitral valve regurgitation was trivial 

in 87% and SAM was nonexistent in all. Two patients 
underwent mitral valve replacement 1 and 5 years after 
ALRP for recurrent mitral valve regurgitation. They con-
cluded that ALRP sustained absence of SAM, absence of 
residual LVOT obstruction, and improvement in hemo-
dynamic and functional statuses.27)

Traction of the AML
LVOT stenosis is caused by SAM, in which the AML 

approaches the IVS. By retracting the AML toward the 
mitral annulus, the AML does not approach to the IVS 
and SAM can be prevented. We proposed a novel tech-
nique by using a floating stitch on the AML to reduce 
SAM.28)

a. Floating stitch (Figs. 4A and 4B)
A double-arm Gore-Tex suture (CV-4®, W. L. Gore & 

Associates, Inc., Newark, Delaware, USA) is applied to 
just the middle of the tip of the AML (A2) in a figure- 
eight fashion, and both arms of the suture are fixed to the 
annuloplasty ring at the middle of the posterior annulus 
(P2). The length of the suture is then usually determined 
as A2–P2 length plus 2–3 mm of extra length on a water 
test. The AML is prevented from touching the IVS and 
SAM can theoretically be solved. Under this length of a 
floating stitch, the AML can move physiologically except 
the tip of AML is retracted showing a reverse concave 
shape during the diastolic phase. We have applied a float-
ing stitch technique on 11 cases with obstructive HCM 
with moderate or severe mitral valve regurgitation due to 
SAM. Mitral valve annuloplasty with a partial rigid ring 
has principally applied concomitant with a floating stitch 
technique. Postoperative echocardiography was com-
pared with other 11 cases, who underwent septal myec-
tomy with mitral valve repair without a floating stitch. 
The group with a floating stitch revealed significantly 
larger IVS–AML distance at the end diastolic phase 
(13.4 mm vs. 9.7 mm) and similar mitral valve area (2.3 
vs. 2.7 cm2) compared to the control group. A floating 
stitch technique is indicated for obstructive HCM 
patients with severe SAM or requiring mitral valvoplasty 
due to mitral valve regurgitation, although sufficient sep-
tal myectomy can reduce mitral valve regurgitation in 
these patients. This technique is a reproducible and dura-
ble method for preventing SAM.

A floating stitch can also be applied on postrepaired 
SAM. We reported a case who revealed severe SAM 
after mitral valve repair of the PML and was successfully 
treated with two pair of floating stitches.29) A floating 
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stitch is a simple method that can be applied without 
touching the subvalvular apparatus. This technique is 
easy to be applied via a small right side thoracotomy for 
minimal invasive cardiac surgery. When the AML is suf-
ficiently long and mobile to touch the IVS, a floating 
stich may help to prevent SAM.

b. Papillary muscle-to-anterior annulus stitches (Fig. 5A)
Kassem and Jamil introduced a surgical technique to 

prevent SAM after mitral valve repair, the so-called 

papillary muscle–anterior annulus stitches technique. 
Two double-armed 4-0 Gore-Tex sutures are placed on 
the tip of the head of the posterior papillary muscle, 
passed through at about the mid-AML and are tightly 
tied onto the annuloplasty ring on the anterior annulus. 
The base of this method is to create a barrier at the 
same level of the posterior wall of the LVOT to support 
the edge of the AML and to prevent its dropping into 
the LVOT during the early systolic phase. They applied 
this technique on four cases of SAM after mitral valve 
repair.30)

c. Paradoxical stitches (Fig. 5B)
Kassem also proposed another technique, the so-called 

paradoxical stitches that aim to discipline the movement 
of the AML to avoid SAM. In this technique, two artifi-
cial chords are diagonally implanted at 5 and 7 o’clock 
locations between the posterior annulus and the AML. 
During the end diastole, the paradoxical stitches ensure 
the avoidance of contact between the tip of the elongated 
AML and the bulging IVS. Kassem first applied the pap-
illary muscle–anterior annulus stitches, but when the 
anterior annulus was not well exposed, paradoxical 
stitches were considered.31)

d. Transposition of a directed chorda tendinea to the 
AML (Fig. 5C)

Sternik and Zehr proposed the direct insertion of a head 
of the anterolateral papillary muscle into the mid portion 
of the AML. When the AML is redundant, it is partially 
obstructing the LVOT. The redundant AML is tethered 
posteriorly by transposition of a posteriorly directed 
chorda tendinea to an intermediate position on the ventric-
ular side of the AML between the primary and secondary 
chordae tendineae of the A2 segment. It prevents the 
redundant AML from entering the LVOT. They used this 
technique on six patients with severely myxomatous 
regurgitant mitral valves and no postrepair SAM or LVOT 
obstruction was observed.32)

Posterior mitral leaflet (PML)
Reduction height of the PML (Fig. 6A)

Another rapid procedure to correct SAM is to reduce 
the height of the PML by using pledgeted interrupted 
horizontal mattress sutures.33,34) Refractory SAM can 
also be treated by sliding plasty, if this procedure was 
not carried out at the initial repair (Fig. 6B). Under 
these circumstances, a prosthetic ring larger than the 
one previously implanted is often inserted. Other 

Fig. 4  �Schema of the surgical technique of a floating stitch. (A) 
Surgeons’ view. A double-arm Gore-Tex suture is applied 
to just the middle of the tip of the AML (A2) in a 
figure-eight fashion, and both arms of the suture are fixed 
to the annuloplasty ring at the middle of the posterior 
annulus (P2). (B) Long axis view. The length of the suture 
is then usually determined as A2–P2 length plus 2–3 mm 
of extra length on a water test. The AML is prevented 
from touching the IVS and SAM can theoretically be 
solved. AML: anterior mitral leaflet; IVS: interventricular 
septum; SAM: systolic anterior motion 
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effective methods for postrepair SAM correction are 
the use of short artificial chordae35) and the reduction 
in the height of the AML by ellipsoid excision or septal 
myectomy.36) PML shortening is a simple option that 
effectively moves the coaptation point of the mitral 
leaflets posteriorly and eliminates LVOT obstruction 
caused by SAM.37)

Papillary muscle
Papillary muscle reorientation (Fig. 6C)

Kwon et al. proposed papillary muscle reorientation 
for patients with HCM with bifid hypermobile papil-
lary muscles. Papillary muscle reorientation was per-
formed through the aortic valve. A pledgeted mattress 
suture was placed to the most posterior papillary mus-
cle head and was passed through the anterior head. 
One or more mattress sutures were used to realign the 
papillary muscles, and both anterolateral and postero-
medial papillary muscles were realigned as deemed 
necessary. Papillary muscle reorientation can correct 
the anteriorly positioned head of the anterolateral pap-
illary muscle, which positions the AML into the LV 
outflow tract. Kwon et al. applied this technique on 
22 cases in 204 consecutive patients with HCM. One 
patient required mitral valve replacement thereafter, 
but 21 of 22 patients were asymptomatic at a median 
follow-up of 166 days.38)

Sakaguchi et al. reported papillary muscle reorienta-
tion for treating SAM after isolated AML repair. This 
technique is also useful to treat postrepair SAM, without 
addressing the leaflet, in patients with degenerative 
mitral disease.39)

Abnormality of mitral valve, chorda, and papillary 
muscle

A significant portion of patients with obstructive 
HCM presents a certain degree of mitral valve apparatus 
abnormalities that predispose to SAM and LVOT 
obstruction.40,41) Mitral valve repair is applied with spe-
cific techniques to address mitral structural abnormali-
ties. A mitral valve replacement is reserved for patients 
with intrinsic leaflet abnormalities that cannot be 
repaired.8) Abnormality of the papillary muscle has also 
been reported in patients with obstructive HCM. The 
base of the anterolateral papillary muscle may be anteri-
orly displaced and the mitral valve leaflets may be shifted 
apically.42) The anterolateral papillary muscle may pres-
ent abnormal connections with the LV anterolateral wall 
as well, and these conditions favor SAM and LVOT 

Fig. 5  �Schema of the surgical technique of traction of the AML. 
(A) Papillary muscle-to-anterior annulus stitches. Two 
double-armed 4-0 Gore-Tex sutures are placed on the tip 
of the head of the posterior papillary muscle, passed 
through at about the mid-AML, and are tightly tied onto 
the annuloplasty ring on the anterior annulus. (B) Para-
doxical stitches. Two artificial chords are diagonally 
implanted at 5 and 7 o’clock locations between the poste-
rior annulus and the AML. The paradoxical stitches avoid 
the contact between the tip of the elongated AML and the 
intraventricular septum. (C) Transposition of a directed 
chorda tendinea to the AML. The redundant AML is 
tethered posteriorly by transposition of a posteriorly 
directed chorda tendinea to an intermediate position on 
the ventricular side of the AML between the primary and 
secondary chordae tendineae of the A2 segment. AML: 
anterior mitral leaflet 
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obstruction.43) Freeing the papillary muscle from all the 
secondary attachments, as well as cutting it down from 
the ventricular wall, is necessary.

Anomalous papillary muscles in which the mitral 
valve leaflets are directly attached to the papillary mus-
cle without chordae are sometimes observed in patients 
with obstructive HCM and play an important role in the 
pathophysiology of dynamic LVOT obstruction. We rou-
tinely excised and reconstructed all anomalous papillary 
muscles with Gore-Tex sutures concomitant with septal 
myectomy.44)

In patients with relatively thin IVS, abnormalities of 
mitral valve apparatus may be the main reason for 
SAM and LVOT obstruction. The selective cut of 
secondary chordae allows the repositioning of the 
coaptation point farther from the outflow tract. It may 
prevent SAM.45) Ferrazzi et al. reported a series of 39 
symptomatic patients with severe LVOT obstruction 
but moderate septal hypertrophy (≤19 mm), treated by 
chordal cutting in association with a shallow septal 
myectomy. When compared with the control group 
(similar characteristics but treated with a shallow 
myectomy only), the postoperative AML–annulus 
ratio was 17% greater and the tenting area was 24% 
smaller in patients with chordal cutting. It indicated 
that the MV apparatus had moved to a more normal 
posterior position within the LV cavity, preventing MV 
systolic displacement into the LVOT and outflow 
obstruction.46) Even after mitral valve repair, the length 
of the AML secondary chordae and the distance from 
the coaptation point to the IVS were associated with an 
increased risk of the postrepair SAM.47)

Ferrazzi et al. reported muscular mitral-aortic discon-
tinuity in five young patients with obstructive HCM and 
sarcomere mutations. A long muscular discontinuity dis-
placed the AML toward the apex and could predispose to 
the development of LVOT obstruction.48) The presence 
of a muscular band between the two valves has been pre-
viously documented in patients with abnormal ventricu-
loarterial connections, such as the double outlet right 
ventricle.49)

Conclusion

The AML, PML, papillary muscle, and subvalvular 
apparatus may play an important role for SAM as well as 
does the hypertrophic IVS in the majority of patients 
with obstructive HCM. Anatomical and functional 
abnormalities of these structures should be recognized 
precisely with diagnostic imaging, and it is necessary to 
consider whether LVOT obstruction can be released by 
treating these abnormalities. Many kinds of surgical 

Fig. 6  �Schema of the surgical technique for the PML or papillary 
muscle. (A) Reduction height of the PML. The height of 
the PML is reduced by using pledgeted interrupted hori-
zontal mattress sutures. (B) Sliding plasty of the PML. 
Sliding plasty of the PML reduces the PML height if this 
procedure was not carried out at the initial repair. 
(C) Papillary muscle reorientation. One or more pledgeted 
mattress sutures are placed to the posterior papillary mus-
cle head and are passed through the anterior head to 
realign both anterolateral and posteromedial papillary 
muscles. PML: posterior mitral valve leaflet 
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techniques for SAM have been proposed in literature. 
We should understand the theoretical aspects of each 
technique on the correction of anatomical and functional 
abnormalities of these structures and should apply these 
techniques under proper indication. We hope this review 
article may help readers’ improvement in the surgical 
management of SAM.
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