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A Modification to the
Manouguian Aortoplasty
for Biological Valve Implantation in Patients with  
Small (≤19 mm) Aortic Anuli—Rationale and Benefit

Enlargement of a small aortic root using the Manouguian technique for biological valve 
implantation can be challenging when rigid, severely calcified noncoronary parts of the 
aortic anulus are encountered in combination with outsized heights of interleaflet triangles. 
To maximize the efficacy of the Manouguian technique, we applied a modification—the 
rationale, technical details, and benefits of which we describe herein. (Tex Heart Inst J 
2008;35(4):425-7)

T he posterior root enlargement as described by Manouguian and Seybold- 
Epting1 remains an attractive and relatively simple method to avoid or alle-
viate patient–prosthesis mismatch for patients in whom the implantation of 

stentless or mechanical valves is inadvisable. In the Manouguian technique, the aor-
tic anulus is divided in the area of the noncoronary cusp, and the incision is extended 
into the anterior mitral leaflet. The aortic root is then enlarged by inserting a wedge-
shaped patch into the partially split anterior mitral leaflet and the ascending aorta.
	 However, the semilunar shape of the aortic leaflet attachments—in combination 
with a calcified anulus and high interleaflet triangles—can create technical difficul-
ties in terms of tensionless placement of the prosthetic valve. When the aortic anulus 
and sinus area are calcified and nonpliable, the surgeon can encounter considerable 
problems in adapting the anulus to the horizontal structure of the prosthetic ring; 
the solution, too often, is to use a prosthetic valve of a size smaller than the patient 
needs.
	 As a remedy, we modified the Manouguian technique and applied this modifica-
tion routinely in patients whose aortic anulus measured 19 mm or less in diameter.

Surgical Technique

We used standard cardioplegic arrest, partially transected the aorta in typical fashion, 
excised the aortic valve, and débrided calcifications from the anulus. The aortic inci-
sion was extended through the fibrous origin in the anterior leaflet of the mitral valve 
approximately 1 cm below the aortic anulus, without entering the left atrium.
	 At variance from the original Manouguian technique, the noncoronary part of the 
anulus was then resected subtotally, along with a large adjacent area of the noncoro-
nary sinus. We left intact the area of the commissures and took particular care to avoid 
injury to the atrioventricular conduction tissue while resecting the anulus in the area of 
the fibrous right trigonum. We then inserted in place a double-velour, wedge-shaped 
Dacron patch cut to a generous size from a standard 20-mm Hemashield® tube graft 
(Boston Scientific Corporation; Natick, Mass) and sewed it, in the first instance, up 
to a level slightly above the commissures, using simple running 4-0 Prolene suture. 
Figure 1 is a schematic drawing of the extended aortoplasty. The prosthetic valve was 
then implanted in a supra-annular position with interrupted 2-0 Ethibond mattress 
sutures (Ethicon Products Worldwide, a Johnson & Johnson Gateway® company; 
Miami Lakes, Fla). Teflon pledgets were placed outside the aorta within the Dacron 
patch, and, in typical fashion, within the aorta along the aortic anulus. The stitching 
line within the Dacron patch was then level with the tops of both commissures.
	 When this was done, a “1-size-up” biological valve was implanted (1 size larger than 
is possible with the conventional Manouguian procedure). After the valve was tied in 
place, the left margin of the remainder of the Dacron patch was trimmed in the ver-
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tical direction, and the patch was fixed in the aortoto-
my incision.
	 Using this modification, we operated on 21 consecu-
tive patients who were at risk of patient–prosthesis mis-
match and who had an unfavorable risk-to-benefit ratio 
for implantation of a stentless valve. In Table I, we pre
sent perioperative and other data on these patients. In 
regard to the extent of anulus enlargement, most of our 
patients had a native anulus of less than 19 mm in diam-
eter, so we assumed a native anulus circumference of less 
than 59 mm. After the extended aortoplasty, the orifice 
at the implant level was at least 21 to 23 mm in diame-
ter in 18 patients, and it was 23 to 25 mm in diameter in 
the remaining 3 patients, which corresponds on average 
to circumferences of 69 mm and 75 mm, respectively. 
Therefore, it is safe to assume that aortoplasty resulted 
in anular-circumference enlargements of approximately 
10 mm. The described modification enabled us to im-
plant biological valves of 1 or perhaps 2 sizes larger than 
the original anulus could accommodate.

Discussion

In cases in which the aortic root is very small (≤19 mm), 
the choice of aortic valve type and of root-enlargement 
method may be diff icult, and the operative strategy 
should be planned carefully before surgery.
	 In order to avoid patient–prosthesis mismatch, Piba
rot and their colleagues2,3 have presented a simple for-
mula whereby multiplying body surface area (BSA) by 
0.85 cm2/m2 yields the minimum effective orif ice area 
for implantation of a prosthetic valve. For a given pa-
tient with a BSA of 1.8 m2, the projected effective orifice 

area is 1.53 cm2, which means that patient–prosthesis 
mismatch can be avoided by using either a mechanical 
prosthetic valve with a labeled size of 19 mm (such as a 
SJM Regent®—St. Jude Medical, Inc.; St. Paul, Minn), 
or a stentless biological valve with a size of 21 mm (such 
as a Medtronic Freestyle®—Medtronic, Inc.; Minneap-
olis, Minn), or a stented biological valve with a size of 
23 mm (such as the Carpentier-Edwards perimount—
Edwards Lifesciences LLC; Irvine, Calif ).4

	 The surgeon’s dilemma emerges especially in plan-
ning treatment for elderly patients who are scheduled for 
complex concomitant procedures that carry the pros-
pect of long cross-clamp times: in these patients, the 
mechanical valve is an altogether untenable option, and 
the stentless valve carries an unfavorable risk-to-ben-
ef it ratio, due to the signif icantly longer cross-clamp 
times. According to recently published data,5,6 stent-
less valves have shown no definitively proven benefits. 
The patient’s overall clinical condition and risk-to-ben-
efit ratio should be considered, in order to avoid an ex-
cellent technical result at the expense of morbidity and 
death. 

Fig. 1  Schematic drawing of the extended aortoplasty. 
 

AML = anterior mitral leaflet; LCA = orifice of the left coronary 
artery; mS = membranous septum; RCA = orifice of the right 
coronary artery

TABLE I. Characteristics of the 21 Patients

Mean age (range), yr	 71 (45–92)

Women	 17 (81%)

Mean body mass index (range)	 29.4 (22.6–40.3)

Mean body surface area (range), m2	 1.77 (1.5–2.4)

Mean body weight (range), kg	 79 (55–129)

Aortic valve replacement 	 18 
   with 21-mm bioprosthesis	

Aortic valve replacement	   3 
   with 23-mm bioprosthesis	

Concomitant CABG (1–5 grafts)	 17 (81%)

Concomitant myectomy	 6 (28%)

Mean projected iEOA (range), cm2/m2	 0.62 (0.45–0.78)

Mean postoperative iEOA (range), cm2/m2	 0.75 (0.54–0.92)

Moderate postoperative PPM	 14 (67%) 
   (iEOA 0.65–0.85)

Severe postoperative PPM (iEOA <0.65)	 1 (5%)

Mean aortic cross-clamp time (range), min	 88 (60–132)

Mean ECC-T (range), min	 125 (78–192)

IABP support	 3 (14%)

Deaths	 0
 
CABG = coronary artery bypass grafting; ECC-T = time (dura-
tion) of extracorporeal circulation; IABP = intra-aortic balloon 
counterpulsation; iEOA = indexed effective orifice area; PPM 
= patient–prosthesis mismatch
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	 Our modification of the Manouguian procedure is 
derived from the concept published by Anderson and 
associates7: the arrangement of the aortic valve is not 
ringlike but semilunar. We believe that this semilu-
nar arrangement requires that a surgeon conform to its 
natural design when he or she attempts to accommo-
date the aortic anulus to the horizontal structure of the 
prosthetic ring, should the anulus be nonpliable due to 
calcifications and should the height of the interleaflet 
triangles exceed that of the anulus. This applies partic-
ularly to the noncoronary part of the anulus, where the 
outflow tract has a fibrous supporting structure in con-
tinuity with that of the mitral leaflet. Our subtotal re-
section of the anulus with a large portion of the adjacent 
sinus area enables tensionless implantation of the pros-
thetic valve and avoids obstruction to blood f low by 
remnants of the anulus and by pledgeted suture materi-
al within the outflow tract.
	 Although the technique as we have described it here is 
very simple to perform, risk of injury of the atrioventri-
cular node should be borne in mind. Awareness of the 
spatial relationship between the conduction system and 
the anulus enables the surgeon to easily avoid this ana-
tomic pitfall.
	 In using our modification of the Manouguian tech-
nique, the surgeon will f ind that aortic cross-clamp 
times, even when this procedure is performed in combi-
nation with concomitant procedures, are notably short-
er than those necessary for the implantation of stentless 
valves.8 Moreover, the effective orifice areas of the im-
planted biologic stented valves are comparable to those 
of biologic stentless valves that could have been implant-
ed without root enlargement.

	 In conclusion, our data lead us to believe that this 
modif ication of the original Manouguian procedure 
is highly effective and easy to perform. We strongly 
recommend it for patients who are at risk of patient–
prosthesis mismatch and who need biologic valves and 
shorter cross-clamp times.
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