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Normal aortic valve from aortic side
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Aortic sinuses vortices
was first described by
Leonardo da Vinci in 1513




Normal Tricuspid

Bicuspid

(2%) Absent

Coronary commissure
ostia
3 separate Single slit-like
leaflets opening
Acommissural Unicommissural

Absent Absent

commissure Coronary commissure

ostia

Central or Single slit-like
eccentric opening
opening
Absent Absent Absent
commissure commissure commissure

(0.02%)

Quadricuspid (0.01%)



Degenerative calcific aortic stenosis Rheumatic aortic stenosis
(elderly [>70 yrs]) (young and middle-aged adults)

Bicuspid aortic stenosis Unicuspid aortic stenosis Unicuspid aortic stenosis
(young and middle-aged adults®) (infants and children) (infants and children)

Acommissural Unicommissural

Type of aortic stenosis and age of presentation




Diastolic gap

Quadricuspid aortic valve







Uicuspid aortic valve (TTE, TEE)




Unicuspid unicommissural aortic valve




Unicuspid aortic valve. (A) Unicommissural. (B) Acommissural
= 0.02% of general population
= 4-6% of individuals in adults undergoing isolated aortic valve surgery




Bicuspid aortic valve



A classification system for the bicuspid aortic valve from
304 surgical specimens

Hans-H. Sievers, MD, and Claudia Schmidtke, MD, MBA J Thorac Cardiovasc Surg 2007

Eam CME credits at
- http:{cme.ctenatjournals.org

Objective: In general, classification of a disease has proven to be advantageous for
disease management. This may also be valid for the bicuspid aortic valve, because
the term “bicuspid aortic valve™ stands for a common congenital aortic valve
malformation with heterogeneous morphologic phenotypes and function resulting in
different treatment strategies. We attempted to establish a classification system
based on a 5-year data collection of surgical specimens.

Methods: Between 1999 and 2003 a precise description of valve pathology was
obtained from operative reports of 3(4 patients with a diseased bicuspid aortic
valve. Several different characteristics of bicuspid aortic valves were tested to
generate a pithy and easily applicable classification system.

Results: Three characteristics for a systematic classification were found appropriate:
(1) number of raphes, (2) spatial position of cusps or raphes, and (3) functional
status of the valve. The first characteristic was found to be the most significant and
therefore termed “type.” Three major types were identified: type 0 {(no raphe). type
| (one raphe), and type 2 (two raphes), followed by two supplementary character-

istics, spatial position and function. These characteristics served to classify and
codify the bicuspid aortic valves into three categories. Most frequently, a bicuspid
aortic valve with one raphe was identified (type 1. n = 269). This raphe was
positioned between the left (L) and right (R) coronary sinuses in 216 (type 1, L/R)

with a hemodynamic predominant stenosis (5) in 119 (type 1. L/R. §). Only 21

patients had a “purely” bicuspid aortic valve with no raphe (type 0).
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Same patient with type 1, L/R BAV. Exploration of the
raphes showing obliteration and mild calcification
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Fig 5. Three main Sievers types of bicuspid aortic valves. (A) Type 0 phenotype with no raphe, (B) type 1 phenotype with a single raphe
attached at the base of the conjoint cusps (pseudocommissure) with an asymmetric shape of the aortic sinuses, and (C) type 2 phenotype with
its 2 raphes and asymmetry of the aortic sinuses. Used with permission.”




Commissuroplasty with pledgets:
pledgels are placed on both sides of
newly constructed commissure

Fig 6. Bicuspid aortic valve repair with the commissuroplasty technique. (A) Sievers type 1 phenotype with a single raphe and misalignment of
the commissures. (B-D) The commissural alignment and apposition can be restored with pledgeted commissuroplasty. Used with permission.”




Bicuspid Aortic Valve and Aortopathy:

Intervention

Recommendations

COR

LOE

Operative intervention to repair the aortic sinuses or
replace the ascending aorta is indicated in patients
with a bicuspid aortic valve if the diameter of the
aortic sinuses or ascending aorta is greater than 5.5
cm

Operative intervention to repair the aortic sinuses or
replace the ascending aorta is reasonable in patients
with bicuspid aortic valves if the diameter of the aortic
sinuses or ascending aorta is greater than 5.0 cm and

a risk factor for dissection is present (family history of

aortic dissection or if the rate of increase in diameter

IS =20.5 cm per year)

lla

Learn. Advance. Heal,

Helping Cardiovascular Professionals ACC/AHA 2017 é

American

Heart
Associatione




Bicuspid Aortic Valve and Aortopathy:
Intervention

Recommendations COR | LOE
Replacement of the ascending aorta is reasonable
in patients with a bicuspid aortic valve who are
undergoing aortic valve surgery because of severe lla C
AS or AR (Sections 3.4 and 4.4) if the diameter of

the ascending aorta is areater than 4.5 cm

e American

Heart
Associatione
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Figure 2. Annual number of the patients undergoing aortic valve surgery for pure aortic regurgitation

with bicuspid pathology. The proportion of replacementsshas 'been low over the vears. (AR aortic

regurgitation; BAV bicuspid aortic valve




Central Picture: A perforated pericardial patch used to augment the conjoint cusp of an

incompetent bicuspid aortic valve

Dr David’s Central Massage: Most incompetent
bicuspid aortic valves should be replaced; repair is
reserved for young patients with cusps with
normal tissue and satisfactory valve morphology

Editorial, Dr. David




Valve Configuration Determines Long-Term Results After
Repair of the Bicuspid Aortic Valve

Diana Aicher, MD; Takashi Kunihara, MD; Omar Abou Issa, MD; Brigitte Brittner, MD:
Stefan Griber, MD: Hans-Joachim Schifers, MD Circulation 2011

Background—Reconstruction of the regurgitant bicuspid aortic valve has been performed for =10 years, but there is
limited information on long-term results. We analyzed our results to determine the predictors of suboptimal outcome.

Methods and Results—Between November 1995 and December 2008, 316 patients (age, 49+ 14 vears; male, 268)
underwent reconstruction of a regurgitant bicuspid aortic valve. Intraoperative assessment included extent of fusion, root
dimensions, circumferential orientation of the 2 normal commissures (>160°, =160°), and effective height after repair.
Cusp pathology was treated by central plication (n=277), triangular resection (n=138), or pericardial patch (n=94).
Root dilatation was treated by subcommissural plication (n=100), root remodeling (n=122), or valve reimplantation
(n=2). All patients were followed up echocardiographically (cumulative follow-up, 1253 years; mean, 4=3.1 vyears).
Clinical and morphological parameters were analyzed for correlation with 10-year freedom from reoperation with the
Cox proportional hazards model. Hospital mortality was 0.63%: survival was 92% at 10 vears. Freedom from
reoperation at 5 and 10 years was 88% and 81%; freedom from valve replacement, 95% and 84%. By univariable
analysis, statistically significant predictors of reoperation were age (hazard ratio [HR]=0.97), aortoventricular diameter
(HR=1.24), effective height (HR=0.76), commissural orientation (HR=0.95), use of a pericardial patch (HR=7.63),
no root replacement (HR=3.80), subcommissural plication (HR=2.07), and preoperative aortic regurgitation grade 3 or
greater. By multivariable analysis, statistically significant predictors for reoperation were age (HR=0.96), aortoven-
tricular diameter (HR =1.30), effective height (HR=0.74), commissural orientation (HR=0.96), and use of a pericardial
patch (HR=5.16).

Conclusions—Reconstruction of bicuspid aortic valve can be performed reproducibly with good early results. Recurrence

and progression of regurgitation, however, may occur, depending primarily on anatomic features of the valve. (Circulation.
2011:123:178-185.)

Key Words: aortic valve m regurgitation, aortic valve m bicuspid valve




TEE view, short axis of the aorticroot

Bicuspid aortic valve with a commissural
orientation (angle) of the 125° SurJcal view of the aortic root




A, Schematic drawing of the aortic valve and root. Effective height is the height difference between
central free margins and the aortic insertion lines. This can be measured intraoperatively by TEE LAX
view as well as with a caliber by surgeon. B, Intraoperative photograph showing measurementof the
effective height of the non-coronarycusp (non- fused cusp) of a bicuspid aortic valve with the caliber.
STJ, Sinutubular junction; LH, leaflet or cusp height; eH, effective height.




Case 1

» 31-year-old man with known history of Al and mild
dilatation of the LV was referred to TGH for
aortic valve surgery
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Post op TEE




Adult Echo TiS0.2 MI 0.5
X7-2t

53Hz . M4
11cm :

2D
64%
C 50
P Off
Gen

PAT T: 37.0C
TEE T: 40.0C

|




=l

<temporary > TIS0.2 MI 0.5
1 Distance = 1. 02 cm

2 Distance = 2.95 cm
11cm 0o 11/ 180

M4

2D
64%
C 50
P Off
Gen

PAT T: 37.0C
TEE T: 40.0C

Aortic valve cOaf
iy




Adult Echo
X7-2t

19Hz
10cm

2D
62%
C 50
P Off
Gen

CF
48%
5772Hz
WF 519Hz
4 4MHz

PAT T: 37.0C
TEE T: 38.5C

[

TIS0.7 MI 0.4




Adult Echo TIS0.2 MI 0.5
X7-2t

53Hz . M4
13cm Pl

2D /

70%
C 50
P Off
Gen

PAT T: 37.0C
TEE T: 40.0C

[




Adult Echo TIS0.7 MI 0.4
X7-2t

19Hz
11cm 0

2D /

74%
C 50
P Off
Gen

CF
48%
5772Hz
WF 519Hz

4 AMHz

PAT T: 37.0C
TEE T: 39.9C

(




Adult Echo
X7-2t

19Hz
11cm

2D
70%
C 50
P Off
Gen

CF
48%
5772Hz
WF 519Hz
4 4MHz

PAT T: 37.0C
TEE T: 39.3C

TIS0.7 MI 0.4




Adult Echo TiS0.3 MI 0.0
X7-2t

19Hz _ s M4 M4
13cm R +50.0

2D ; + AV VTI --|

" 64% 2 Vmax 271 cmis
gg% Y. W 7 Vmean 200 cm/s

Gen S A Max PG 29 mmHg

c_:-e% , ‘“; —a e 2 Mean PG 19 mmHg
5772Hz . VTl 69.6 cm |
WF 519Hz 500

4 AMHz - cmis

cmls




Case 2

» 47-year-old man with known history of Al and aneurysm
of ascending aorta was referred to Dr. David for aortic
valve sparing operation



Adult Echo TIS0.2 MIOS
X7-2t

53Hz M4
9.0cm |

2_D- .
51% .
C 50

P Off

Gen




Adult Echo TIS0.2 MI0S
X7-2t

53Hz M4
9.0cm {

20 /
57% ;

C 50
P Off
Gen

g
- ¢ 7
e % /\ N
o
_— -

' N

N

PAT T: 37.0C
TEET: 384C

A




Adult Echo TIS0.2 MI0S
X7-2t

53Hz . M4
9.0cm {

20 /
57% /

50 1
P Off \
Gen .

. -
>
. P2 3
o
”~ -

4

- ”

— -

Commissural angle = 130-140° N

: N

PAT T: 37.0C
TEET: 384C

A




Adult Echo
X7-2t

0o 58 180

4

Wl— 5 I lJH,_
4 AMHz

TISO.7 MI04

M4 M4
+50.(

-50.0
cmis




Adult Echo
X7-2t
20Hz

PAT T 37.0C
TEET:-381C

J

0

130 130

+50.(

-50.0
cmis




Adult Echo
X7-2t
20Hz

WF 550Hz
4 AMHz

PATT: 37.0C
TEE T: 38.0C

P




Aortic valve was not salvageable. AVR with bioprosthetic valve was
done + replacement of non-coronary sinus of Valsalva + Supracoronary
ascending aorta replacement. No coronary re-implantation.

Fig. 2. Replacement of the ascending aorta with adjustment of
diameter of the sinotubular junction and replacement of the
non-coronary aortic sinus. When the non-coronary sinus is dilated,
the graft selected to correct the dilatation of the sinotubular junc-
tion can be tailored to replace one or more sinues.
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How to image the aortic valve?
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Normal aortic valve imaging, aortic root, Xplane
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AoV, SAX view from aorta AoV, LAX view
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Creating surgical view of the aortic root



Surgeon’s view of the aortic valve
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3D TEE SAX view, surgeon’s view of the AoV




Case 3

» 67-year-old male with history of AOV endocarditis



200047
FR 29Hz

11em

Full Volume o 135 1m0
3D 14%
3D 40dB e

|

PAT T: 37.0C
(TEE T: 39.4C

29/05/2011

10:17:44
X7-2tIAdult

TIS0.2 ‘™miv.o

M4
el |




200047

FR 12Hz
11em

Full Volume o 135 0
3D 20%

3D 40dB =
CF

50%

4 AMHz

PAT T: 37.0C
(TEE T: 39.4C

29/05/2011

10:15:58
X7-2tIAdult

TIS1.0 ‘™miv.o




)
\ . 9
RCC \
y fenestrat‘on




Dr. Al Khaldi, KACC, 2011

Endocarditis of AoV, fenestration on RCC and vegetation on LCC




RCC fenestration <




An aortic valve-sparing operation for patients
with aortie iIncompetence and aneurysm of the...
by Diawid, T E: Feindel, M

The Journal ofthoracic and cardiovascular surgery, 0401 9492

1992
valurme 103, 1ssue 4 29
Korean J Thorac Cardiovasc Surg 2012;45:205-212 [] Review []
ISSN: 2233-601X (Print) ISSN: 2093-6516 (Online) http://dx.doi.org/10.5090/kjtcs.2012.45.4.205
Aortic Valve Sparing Operations: A Review
Tirone E. David, M.D.
2012

Aortic valve sparing operations were developed to preserve the native aortic valve during surgery for aortic root
aneurysm as well as surgery for ascending aortic aneurysms with associated aortic insufficiency. There are basi-
cally two types of aortic valve sparing oprations: remodeling of the aortic root and reimplantation of the aortic
valve. These operations have been performed for over two decades and the clinical outcomes have been excellent
in experienced hands. Although remodeling of the aortic root is physiologically superior to reimplantation of the




Fig. 1. Replacement of the ascending aorta with adjustment of
diameter of the sinotubular junction to correct aortic insufficiency.
Dilatation of the sinotubular junction prevents the cups from coapt-
ing centrally. Replacement of the ascending aorta with a graft of
appropriate diameter and sutured to the aortic root at the level of
the sinotubular junction restores valve competence.




Fig. 2. Replacement of the ascending aorta with adjustment of
diameter of the sinotubular junction and replacement of the
non-coronary aortic sinus. When the non-coronary sinus is dilated,
the graft selected to correct the dilatation of the sinotubular junc-
tion can be tailored to replace one or more sinues.




Fig. 3. Complete remodeling of the
aortic root with replacement of all
three aortic sinuses and reimplan-
tation of the coronary arteries. (A)
The three aortic sinuses are excised
leaving 4 to 5 mm of sinus wall at-
tached to the aortic annulus. (B) A
tubular Dacron graft is tailored to
create 3 neo-aortic sinuses. The cor-
onary arteries are reimplanted.




Positioning of the native aortic valve within a
tubular Dacron graft during the David Operation
(reimplantation of the aortic valve)

MasriA, et al. Heart 2017
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Case 4

» 45-year-old mane was referred to TGH for severe Al

# 4635554
June 31, 2019
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Aortic valve, short axis view showing severe
prolapse/flail RCC and prolapse of LCC
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Prolapse of LCC with double line (double shadow)
appearance during closing
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Prolapse of LCC with double line (double shadow)
appearance during early systole




Adult Echo
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Excessive tissue and irregular appearance of free margin
of the RCC during opening due to prolapse/ flail




Adult Echo
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Severe prolapse/flail of RCC with double line (double
shadow) appearance during closing
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Severe Al seen mostly originating from the coaptation
line of the prolapsed/flail RCC
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Lang axis view of the aortic valve showing severe
prolapse/ flail of the RCC
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Lang axis view of the aortic valve showing severe
prolapse/ flail of the RCC
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Lang axis view of the aortic valve showing severe Al
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Lang axis view of the aortic root showing LVOT and aortic
annular dimensions
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Lang axis view of the aortic root showing sinus of
Valsalva and STJ dimensions
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Lang axis view of the tubular ascending aorta showing
the dimension




Adult Echo
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Lang axis view of the aortic valve showing severe
eccentric posteriorly directed jet of Al due to flail RCC




Post op TEE

** Patient had aortic valve repair with Gore-Tex
reinforcement of the RCC and LCC
¢ Aortic valve sparing operation (David Operation)
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Post op, aortic valve repair with Gore-Tex re-inforcement
of the RCC and LCC + David Operation




Adult Echo
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Aortic valve long axis view showing excellent coaptation
of the aortic leaflets after repair
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Measuring aortic valve coaptation height (length) = 8 mm (yellow)
and aortic valve effective height (tip to the annulus) = 10 mm (red)




Adult Echo
X7-2t

20Hz
13cm

Mi0.4

POST-CPB

Aortic valve long axis view showing excellent repair of
the valve with no Al (absolutely0!)
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Ascending aorta showing Hemashield Dacron graft size # 32
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Short axis view of the aortic valve showing Gore-Tex materials (brightness)
on the RCC and LCC for repair, excellent coaptation of the leaflets




Adult Echo i Mi0.3
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Short axis view of the aortic valve with no Al
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Deep Transgastric view of the aortic valve confirming
absolutely no Al !!




Valve-sparing root replacement in patients with bicuspid

versus tricuspid aortic valves

[ ‘.') Check for updates

Maral Ouzounian, MD, PhD, Christopher M. Feindel, MD, MSc, Cedric Manlhiot, PhD.

Carolyn David, RN, and Tirone E. David, MD

ABSTRACT

Objectives: We sought to compare the outcomes of patients undergoing aortic
valve-sparing root replacement with bicuspid versus tricuspid aortic valves.

Methods: A total of 333 consecutive patients (bicuspid aortic valve, n = 45;
tricuspid aortic valve, n = 288) underwent valve-sparing root replacement using
the reimplantation technique from 1988 to 2012 at a single mstitution. The pri-
mary analysis was performed on a 1:3 bicuspid aortic valve:tricuspid aortic valve
propensity-matched dataset to mitigate known differences between these 2
groups. In the matched, dataset, mean age (bicuspid aortic valve:
40 £ 13 years; tricuspid aortic valve: 41 &= 14) and rates of comorbidities were
similar between groups. Patients with bicuspid aortic valves were less likely to
have Marfan syndrome (bicuspid aortic valve: 9% vs tricuspid aortic valve:
53%, P < .001). Patients were followed prospectively with aortic root imaging
for a median of 8.2 (5.3-12.2) years.
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The Journal of Thoracic and Cardiovascular Surgery * Volume 158, Number 1

g 1 Pvaiug - 63

_______

Years since Index operation
Al-nisk patiants:
—TAV 132 126 114 84 0 &7
——EBAV 42 33 ai 22 17 T

Valve-related adverse events over time in patients un-
dergoing AVS surgery.

Central Message

In well-selected patients with BAVs, valve-
sparing root replacement offers excellent
long-term clinical outcomes.
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ABSTRACT

The ideal aortic valve substitute for young and middle-aged adults remains elusive. The Ross procedure (pulmonary

autograft replacement) is the only operation that allows replacement of the diseased aortic valve with a living substitute.
However, use of this procedure has declined significantly due to concerns over increased surgical risk and potential long-
term failure of the operation. Several recent publications from expert centers have shown thatin the current era, the Ross
procedure can be performed safely and reproducibly in appropriately selected patients. Furthermore, an increasing body
of evidence suggests that the Ross procedure is associated with better long-term outcomes compared with conventional
aortic valve replacement in young and middle-aged adults. In this paper, the authors review the indications and technical
considerations of the Ross procedure, describe its advantages and drawbacks, and discuss patient selection criteria.

Finally, the authors provide a comprehensive synthesis of the current Ross published reports to enable cardiologists and
surgeons to make appropriate decisions for their patients with aortic valve disease. (J Am Coll Cardiol 2018;72:2761-77)
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FIGURE 2 Technical Modifications of the Ross Procedure Aimed at Mitigating Late Autograft Dilatation and Insufficiency

A B C

Full root replacement - autologous Full root replacement - Dacron Full root replacement with extra-aortic
inclusion technique inclusion technique annuloplasty and interposition graft

(A) Autologous inclusion technique; (B) Dacron inclusion technique; (C) extra-aortic annuloplasty and interposition graft (Online Video 6).




CENTRAL ILLUSTRATION Algorithm for Patient Selection for the Ross Procedure

A THE ROSS PROCEDURE
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Mazine, A. et al. J Am Coll Cardiol. 2018;72(22):2761-77.

(A) Advantages and pitfalls of the Ross procedure; (B) indications and contraindications for the Ross procedure. This proposed algorithm remains to be further
validated and supported by practice guidelines. a = aortic; p = pulmonic; h = homograft.
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Questions




Question 1

Which of the following statements is CORRECT?

A. Quadricuspid aortic valve is the least common aortic valve

pathology

Bicuspid aortic valve is always presenting as aortic stenosis

C. Unicuspid aortic valve will present only in infancy and
children

D. Calcific aortic stenosis is always due to bicuspid aortic valve
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Question 2

About bicuspid aortic valve (BAV) which of the following IS
CORRECT?

A. Type 0 Sievers Classification is the most common type of
BAV

Type 1 BAV is always with fusion of RCC and LCC

Type 0 is the easiest type for repair

. Type 2 is mostly presenting with Al
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Question 3

Which of the following valvular heart disease is more common
in North America?

Rheumatic mitral regurgitation
Calcific aortic stenosis

Bicuspid aortic valve stenosis
Primary tricuspid regurgitation
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Question 4

Which of the following statement about David operation IS

CORRECT?

A. Bicuspid aortic valve is a contraindication for David
operation

B. Aortic stenosis is a contraindication for David operation

C. In Marfan patients aortic root remodeling is better than
aortic valve reimplantation

D. In patients with aortic annulus more than 2.8 cm, long-term

result of David operation is not good



Question 5

All of the following statements about Ross Operation is correct
EXCEPT

A. Ross operation is an ideal operation for female in child-
bearing age

B. Patients with aortic regurgitation and dilated aortic annulus
are not suitable candidates

C. Aortic /pulmonary root size mismatch more than 2 mm are
suboptimal candidates

D. Congenital aortic stenosis is a contraindication for Ross
operation



Correct Answers

1-A
2-C
3-B
4-B
5-D







