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Abstract

Background Florida sleeve procedure is an operative technique for aortic root reconstruction that offers advantages
such as reduced bleeding risk, shorter operation time, and improved formation of the atrioventricular junction (AVJ)
and sinotubular junction (STJ). In our department, we perform a Florida sleeve procedure for aortic regurgitation (AR)
associated with aortic root enlargement of less than 40 mm in diameter of the Valsalva sinus. Here, we present a case
of severe type Il AR with aortic root enlargement where we successfully performed Florida sleeve procedure and aug-
mented it with autologous pericardium.

Case presentation A 62-year-old male patient was referred for cardiovascular surgery after a transthoracic echocar-
diogram indicated left ventricular enlargement and severe AR. Preoperative multidetector computed tomography
(MDCT) revealed AVJ of 28.2 mm, Valsalva sinus of 384 mm, STJ of 36.1 mm, and ascending aorta of 40.1 mm, indi-
cating enlargement from the aortic root to ascending aorta. Preoperative transesophageal echocardiography (TEE)
revealed that the main cause of AR was suspected to be the right coronary cusp prolapse (RCC). Intraoperative find-
ings showed that the tricuspid aortic valve had no limitation of motion, but the RCC was subjected to central bend-
ing and prolapsed. The leaflet bend was thickened and shortened causing AR (type Il). The geometric height (gH)

of RCC was short at 14 mm, while the other valve cusps were 20 mm. An augmentation of RCC was performed using
autologous pericardium, followed by a Florida sleeve procedure performed using 26-mm Gelweave Valsalva' grafts.
The gH of RCC after augmentation was 23 mm, and the effective height was adjusted to 10 mm by central plication,
showing no AR by TEE. Postoperative MDCT revealed AVJ of 22.2 mm, Valsalva sinus of 30.9 mm, and STJ of 21.9 mm.
Therefore, the Florida sleeve procedure provided a reduction that preserved the geometry of the aortic root, includ-
ing AVJ and STJ, as intended.

Conclusions Florida sleeve procedure is a reliable and simple method for ensuring uniform aortic root geometry.
A favorable outcome was obtained using the Florida sleeve procedure and augmentation with autologous pericar-
dium in a patient with type Il AR and aortic root enlargement.
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Background
Currently, the Yacoub (remodeling) and David proce-
dures (reimplantation) are the most common valve-
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Florida sleeve procedure is a valve-sparing aortic root
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reconstruction technique first reported by Hess et al. [3].
The procedure does not require coronary artery recon-
struction, minimizing the risk of bleeding and shorten-
ing the operation time. The procedure simply and reliably
improves aortic regurgitation (AR) by comprehensively
narrowing the atrioventricular junction (AV]) and sino-
tubular junction (STJ). In our department, the Florida
sleeve procedure is an option for AR cases associated
with aortic root enlargement where the sinus of Valsalva
diameter is < 40 mm. We report a case of severe type II
AR with aortic root enlargement that was successfully
improved using the Florida sleeve technique combined
with an augmentation using autologous pericardium.

Case presentation

The patient was a 62-year-old man who presented with
a heart murmur noted during a physical examination 7
years earlier. The patient had a height of 161 cm, a weight
of 60 kg, and a body surface area of 1.63 m> A transtho-
racic echocardiogram (TTE) showed moderate AR, and
the patient was under outpatient observation. Follow-
up TTE showed a left ventricular end-diastolic diameter
(LVDd) of 66 mm; left ventricular end-systolic diameter
(LVDs), 42 mm; and ejection fraction (EF), 59%. The
AR worsened to severe, prompting surgery. Preopera-
tive MDCT revealed an AVJ of 28.2 mm; Valsalva sinus,
38.4 mm; STJ, 36.1 mm; and ascending aorta, 40.1 mm,
indicating enlargement from the aortic root to ascend-
ing aorta (Table 1). The tricuspid aortic valve had geo-
metric height (gH) measurements of 10.5 mm for the
right coronary cusp (RCC), 17.0 mm for the left coro-
nary cusp (LCC), and 17.0 mm for the noncoronary cusp
(NCC), with free margin measurements of 30.4 mm for
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RCC, 29.4 mm for LCC, and 30.9 mm for NCC for clar-
ity (Fig. 1). Preoperative transesophageal echocardiogra-
phy revealed that the main cause of AR was possible RCC
prolapse (type II) (Fig. 2).

The surgery was performed via a median sternotomy.
Cardiopulmonary bypass was established as usual, with
cannulation of the ascending aorta and superior and infe-
rior vena cava.

The ascending aorta was transected 2 cm above the ST
junction, and aortic sinus and aortic valve characteris-
tics were evaluated. The tricuspid aortic valve had slight
calcifications of the RCC and NCC, but no limitation of
motion. The RCC was subjected to central bending. The
leaflet bends were thickened and shortened, and the valve
leaflets were prolapsed, causing AR (Fig. 3A). The aor-
tic valve measurements were as follows: gH, 14 mm, 20
mm, and 20 mm for RCC, LCC, and NCC, respectively,
and effective height (eH), 0, 10 mm, and 10 mm for RCC,
LCC, and NCC, respectively. A 20-mm horizontal inci-
sion was made in the thickened bending area of the RCC
(Fig. 3B). Autologous pericardium was immersed in 0.6%
glutaraldehyde (FUJIFILM Wako Pure Chemical Corpo-
ration, Osaka, Japan) for 5 min and then trimmed into
20 x 10 mm ovals. This was secured to the incision using
running sutures with 6-0 monofilament polypropylene
sutures (Ethicon, Somerville, NJ, USA) (Fig. 3C). The gH
of the RCC increased to 23 mm. Additionally, central pli-
cations and sutures preventing bulging were performed
with 6-0 monofilament polypropylene (Fig. 3D).

The patient’s body temperature was reduced to 20
°C, and a 26-mm graft was peripherally anastomosed
with the normal ascending aorta under retrograde cer-
ebral perfusion with lower body circulatory arrest. We

Table 1 Measurements of aortic root by pre- and postoperative MDCT

|| MDCT | Preoperation | Postoperation |

Annulus diameter(mm) 282/ 645

D) 22.2/388.5
Valsalva , "
/ / 1292 /2
diameter(R/L/N) (mm) 35.5/37.5/38.4 30.9/29.2/29.5
STJ (mm) 36.1 219 STJ
Ascending aorta (mm)  40.1 - Commissure
: ~ height
Hree margin(RLA) - (354729411309 -
(mm)
SH(R/L/N) (mm) 10.5/17/17 182/17.3/17.3
eH(R/L/N) (mm) 0/9.1/11.8 11/9.9/113
Coapfat!on length 0/ 47/ 5.4 65/6.6/7.4
(R/L/N) (mm) AV]
Commissure height Basal ring
18.5/19.1/21.1 22.4/21.2/235 S
Interleaflet triangle (R-L/L-N/N-R) (mm)
shape Nadir-Nadir length ; ;
20.4/23.3/20.
RLLNNE) (mn)  221/250/234 20.4/233/20.1

Nadir-Nadir length
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Fig. 1 Preoperative MDCT. Preoperative MDCT examination
showing AVJ of 28.2 mm, Valsalva sinus of 38.4 mm, STJ of 36.1 mm,
and ascending aorta of 40.1 mm, indicating aortic root to ascending
aorta enlargement. The tricuspid valve geometric height at RCC, LCC,
and NCC was 10.5 mm, 17.0 mm, and 17.0 mm, and free margins

at RCC, LCC, and NCC were 30.4 mm, 29.4 mm, and 30.9 mm,
respectively

Fig. 2 Preoperative transesophageal echocardiography images.
Preoperative transesophageal echocardiography revealing
that the main cause of AR was suspected to be RCC prolapse (type Il)
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selected the 26-mm Gelweave Valsalva™ graft (Terumo,
Ann Arbor, MI, USA) according to the gH after aortic
valve repair and the assumed aortic annulus diameter.
Six sub-annular horizontal mattress sutures with 4-mm
spaghetti (2-0 polyester fibers; Wayolax, Matsuda Ika
Kogyo Company, Tokyo, Japan) were placed beneath
each of the three commissures and three nadirs at
the level of the basal ring except at the R-N commis-
sure and were driven outside the aorta. A suture at
the R-N commissure was carefully passed at the level
of the interleaflet triangle, positioned more distally to
the basal ring. This was done with utmost caution to
minimize injury risk to the membranous septum or
the bundle of His. The Gelweave Valsalva'" grafts were
securely affixed to the aortic root using these six mat-
tress sutures. The graft was carefully placed as a sleeve
over the aortic root, and right and left coronary artery
locations were marked on the graft. A hole correspond-
ing to the size of the coronary artery was made in the
marked area, and a vertical slit was made between the
nadir suture threads of each of the RCC and LCC on
the graft to create a coronary keyhole (Fig. 4A). We also
took special care to ensure that the coronary keyhole
in the prosthesis was adequately sized to prevent any
coronary artery stenosis. Each commissure was fixed
to the straight part of the Valsalva graft with horizontal
mattress sutures using 4—0 monofilament polypropyl-
ene sutures. Running sutures with 4—0 monofilament
polypropylene were placed during the ascending aor-
tic transection and Valsalva graft transection (Fig. 4B).
The aortic valve was reevaluated. All aortic valve leaf-
lets were confirmed to have adequate coaptation, with
an eH of 10 mm. Distal anastomosis was performed
between the grafts. The aortic cross-clamp time, cardi-
opulmonary bypass time, retrograde cerebral perfusion
with lower-body circulatory arrest time, and total sur-
gical time were 201 min, 249 min, 22 min, and 320 min,
respectively. Intraoperative bleeding amounted to 340
g. Prior to commencing the operation, we collected 400
mL of autologous blood, which was subsequently rein-
fused after the cardiopulmonary bypass procedure. In
addition, we administered 20 units of platelets intraop-
eratively. Transesophageal echocardiography did not
reveal any AR (Fig. 5).

The postoperative course was uneventful, and TTE
on the 7th postoperative day showed an LVDd of 49
mm; LVDs, 35 mm; EF, 60%; and no AR. Postoperative
MDCT showed AV] of 22.2 mm, Valsalva sinus of 30.9
mm, and STJ of 21.9 mm (Table 1). TTE showed reten-
tion of mild AR, reduction in LVDd, and prevention of
re-expansion of the aortic annulus for 2 years postop-
eratively (Table 2).
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Fig. 3 Intraoperative images of aortic valve. Intraoperative images showing the following: A tricuspid aortic valve with slight calcification

of the RCC and NCC. The RCC presented with central bending. The leaflet bend was thickened and shortened, and the valve leaflet was prolapsed.
B RCC with a 20-mm horizontal incision in the thickened bending area. C The 20 x 10 mm trimmed ovals of pretreated autologous pericardium
secured to the incision site using 6-0 monofilament polypropylene sutures. D Increased RCC gH of 23 mm. Central plication and sutures preventing
bulging were performed using 6-0 monofilament polypropylene

Fig. 4 Intraoperative images of Florida sleeve procedure. Intraoperative images showing the following: A a hole corresponding to the size
of the coronary artery in the marked area and a vertical slit between the nadir suture threads of each of the RCC and LCC on the graft creating

a coronary keyhole. B Stump formation of the Florida sleeve procedure

Discussion

In this case, AR was mainly of type II, but the effects
of type I were also considered. Florida sleeve procedure
provided a reduction that preserved the geometry of
the aortic root, including AV] and STJ, as intended. The
bending portion of the RCC was thickened and short-
ened, necessitating the extension of the valve leaflet.
The gH measured intraoperatively after the aortic valve
repair was more than 20 mm, which was long enough,
22 mm was targeted as the diameter of the aortic annu-
lus after the sleeve technique with the 26 mm Valsalva

graft, and the eH was determined to be retainable at 8
mm or more [4].

Hess et al. reported the Florida sleeve procedure as a
simple approach for valve-sparing aortic root reconstruc-
tion for functional type I AR associated with aortic root
aneurysm [3]. The procedure does not require coronary
artery reconstruction, minimizing the risk of bleeding
and shortening the operation time [3]. The double annu-
loplasty technique may also be feasible for aortic root
sizes such as in this case [5]. Restoring the ratio between
the aortic annulus and STJ is important for long-term
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Fig. 5 Measurements of aortic root by postoperative MDCT.
Postoperative MDCT examination showing AVJ of 22.2 mm, Valsalva
sinus of 30.9 mm, and STJ of 21.9 mm

repair durability [6, 7]. Compared to the double annu-
loplasty technique, the advantage of the Florida sleeve
procedure is the possibility of maintaining a uniform and
highly reproducible geometry of the aortic root. In the

Table 2 Results in transthoracic echocardiography
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case involving the utilization of the 26-mm Valsalva graft,
we observed reductions in dimensions, resulting in an
AV] diameter of approximately 22 mm, a Valsalva sinus
measuring 30 mm, and an ST] dimension of 22 mm. The
commissure was suspended and fixed at a commissure
height of approximately 22 mm. Florida sleeve procedure
is a reliable and straightforward technique that effectively
improves AR by narrowing AV] and STJ, thereby com-
prehensively shrinking the aortic root. Originally, graft
selection depended on the diameter of the sinus of Vals-
alva, wherein 32 mm or 34 mm Dacron grafts were cho-
sen when the diameter was dilated to 36 mm or more and
26—32 mm Dacron grafts were selected when the diam-
eter was slightly dilated [3]. Gelweave Valsalva " grafts
should be selected as follows: 30 mm for a Valsalva sinus
diameter of 5 cm or less, 32 mm for 5-6 cm, and 34 mm
for 6 cm or more [8]. However, if the prosthesis size is
inappropriate for the sinus of Valsalva diameter, there are
concerns about residual AR and coronary artery com-
pression due to changes in aortic root geometry. There-
fore, we consider the Florida sleeve procedure to be an
appropriate method of valvuloplasty in AR patients with
mild enlargement of the sinus of Valsalva up to 40 mm in
diameter.

In 2009, early results of the Florida sleeve procedure
were reported, demonstrating persistent reductions in
LVDd and LVDs and good control of AR at 3 years post-
operatively [9]. Although some differences in the post-
operative mechanical properties of the Florida sleeve
procedure compared to remodeling and reimplantation
exist, no significant impairment in valve leaflet durabil-
ity has been detected at an early stage [10, 11]. AR con-
trol in the early and late periods is comparable, with a
slight trend towards a slightly better survival rate in the

Transthoracic Pre. 6 months 1 year 2 years
echocardiography operation

LVDd (mm) 66 49 49 47 S
LVDs (mm) 42 37/ 36 33 30
EF (%) 59 60 60 62 68
AR Severe Trivial Mild Mild Mild
Annulus (mm) 25 22 22 22 22
Sinus of Valsalva (mm) 38 33 31 30 31
STJ (mm) 32 x 23 23 *
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reimplantation method compared to the Florida sleeve
procedure in the late period [12]. Since the ascend-
ing aorta is 40 mm, that alone is not an indication for
surgery in this case. To ensure STJ reduction when
performing the Florida sleeve procedure, we use a two-
piece prosthesis and perform a concomitant ascending
aorta replacement. Additionally, our department fol-
lows a unified policy for conducting anastomosis under
hypothermic circulatory arrest and retrograde cerebral
perfusion during distal anastomosis in ascending aortic
replacement surgery.

The AR in this case had type II factors and required
valve leaflet extension. The options for the patch of
valve augmentation include bovine pericardium and
autologous pericardium. The freedom from reoperation
at 10 years is 68 £ 9% for bovine pericardium patch and
72 + 6% for autologous pericardium patch in patients
in their 20s and 30s [13]. Although the current long-
term results of pericardial reconstruction of valve leaf-
lets might be inferior to valve replacement, there are
advantages to preserving the autologous valve, instead
of using bioprosthetic valves, which become important
when considering future reoperations and transcath-
eter aortic valve implantation.

Conclusions

Florida sleeve procedure is a reliable, simple, and
reproducible method for ensuring uniform root geom-
etry from AV] to STJ. In cases of severe aortic root
enlargement, there is concern about coronary steno-
sis and residual AR due to distortion of the coronary
artery orifice and aortic wall. As a general principle, our
department employs a Florida sleeve procedure for AR
with aortic root enlargement of up to 40 mm diameter
of the sinus of Valsalva. The present report highlights
that favorable treatment outcomes can be obtained by
using the Florida sleeve technique and augmentation
with autologous pericardium for the management of
type II AR and aortic root enlargement.

Abbreviations

AVJ Atrioventricular junction

ST Sinotubular junction

AR Aortic regurgitation

TTE Transthoracic echocardiogram

MDCT  Multidetector computed tomography

LvDd Left ventricular end-diastolic diameter
LVDs Left ventricular end-systolic diameter
EF Ejection fraction

RCC Right coronary cusp

LCC Left coronary cusp

NCC Noncoronary cusp
gH Geometric height
eH Effective height
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