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Aortic valve reimplantation
Technique and results
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Reimplantation technique

An aortic valve-sparing operation for patients with aortic incompetence and
aneurysm of the ascending aorta. JTCS 1992;103:617-22
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cantly improved with medical and surgical management of
the aortic disease (76.92,93). The David valve sparing reim-

2010 ACCF/AHA/AATS/ACR/ASA/SCA/SCAVSIR/STS/SYM 1. iation operation for suitable patients undergoing clective

Guidelines for the Diagnosis and Management of aortic root surgery at centers with a high volume of these
. ) . . . cases has become standard practice (76,92-99), although
Patients With Thoracic Aortic Disease some have reported less-optimal long-term results with valve-

sparing procedures {100, 101 ).
CLASS I

1. Root remodeling should be avoided in patients with
connective tissue disorders. (Level of evidence C)

1 i { 5e recomienda la reparacitn de vabvula abrtica mediante la | C
Guia ESC/EACTS 2017 sobre el tratamiento de las valvulopatias e

: : : : para pacientes jévenes con dilatacion de la iz abrtica
Grupo de Trabajo de I Sociedad Europea de Cardiologia (ESC) y la Eurapean Association Jv8iulaabticatricspide, sempre que cirjanc

for Cardio-Thoracic Surgery (EACTS) sobre el tratamiento de las valvulopatias con experienciarealicen a intervencin
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Abstract

Background: We analyzed our early and midterm results with aortic valve
reimplantation surgery to determine the influence of Marfan syndrome and bicuspid
valves on outcomes with this technique.

Methods: Between March 2004 and December 2015, 267 patients underwent aortic
valve reimplantation operations. The mean diameter of the sinuses of Valsalva was
50 + 3 mm and moderate/severe aortic regurgitation was present in 34.4% of these
patients. A bicuspid aortic valve was present in 21% and 40% had Marfan syndrome.
Results: Overall 30-day mortality was 0.37% (1/267). Mean follow-up was 59.7 + 38.7
months. Overall survival at 1, 3, and 5 years was 98 £ 8%, 98+ 1%, and 94 + 2%,
respectively. Freedom from reoperation and aortic regurgitation >Il was 99 + 5%,
98 + 8%, 96.7 + 8%, and 99 + 6%, 98 £ 1%, 98 + 1%, respectively at 1, 3, and 5 years
follow-up, with no differences between Marfan and bicuspid aortic valve groups.
(p =0.94 and p = 0.96, respectively). No endocarditis or thromboembolic complications
were documented, and 93.6% of the patients did not receive any anticoagulation
therapy.

Conclusions: The reimplantation technigue for aortic root aneurysms is associated
with excellent clinical and functional outcomes at short and mid-term follow-up.

KEYWORDS
aortic regurgitation, aortic root repair, aortic valve repalr, aortic valve sparing surgery,
Bicuspld aortic valve, Marfan syndrome
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Variable OR 95% ClI P-value

Risk factors for reoperation/
aortic insufficiency >II°
Age 0.975 0.955-0.995 0.016
Hunerlinidaemia 1980 1175-2335 nnin
Postoperative residual 1.880 1.532-2.308 <0.001
aortic insufficiency

- Preoperauve LVEF 1.74Y 1.UZ4-2.951 U.U41

Cl: confidence interval; LVEF: left ventricular ejection fraction; OR: odds

ratio.

Beckmann E, et Al Eur J Cardiothorac Surg 2021
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Abstract

Background: We analyzed our early and midterm results with aortic valve
reimplantation surgery to determine the influence of Marfan syndrome and bicuspid
valves on outcomes with this technique.

Methods: Between March 2004 and December 2015, 267 patients underwent aortic
valve reimplantation operations. The mean diameter of the sinuses of Valsalva was
50 + 3 mm and moderate/severe aortic regurgitation was present in 34.4% of these
patients. A bicuspid aortic valve was present in 21% and 40% had Marfan syndrome.
Results: Overall 30-day mortality was 0.37% (1/267). Mean follow-up was 59.7 + 38.7
months. Overall survival at 1, 3, and 5 years was 98 +8%, 98+ 1%, and 94 + 2%,
respectively. Freedom from reoperation and aortic regurgitation >Il was 99 + 5%,
98 + 8%, 96.7 £ 8%, and 99 + 6%, 98 £ 1%, 98 + 1%, respectively at 1, 3, and 5 years
follow-up, with no differences between Marfan and bicuspid aortic valve groups.
(p =0.94 and p = 0.96, respectively). No endocarditis or thromboembolic complications
were documented, and 93.6% of the patients did not receive any anticoagulation
therapy.

Conclusions: The reimplantation technique for aortic root aneurysms is associated
with excellent clinical and functional outcomes at short and mid-term follow-up.

KEYWORDS
aortic regurgitation, aortic root repair, aortic valve repalr, aortic valve sparing surgery,
Bicuspld aortic vaive, Marfan syndrome

Martin CE et al. J Card Surg. 2017;1-9.




v < Hospital Universitario
Hospital Universitario Puerta de Hierro
.'qUironsaIUd SaludMadrid e
Madrid - =

TABLE 3 Post-operative complications
All patients Tricuspid aortic valve Marfan syndrome Bicuspid aortic valve

{n=267) (n=103) {n=107) (n=57) p value
Reogeration for bleeding, n{%) ?(34) 4 {3.9) 4 (3.7) 1{1.8) »0.20
Myocardial infarction, n (%) 2 (0.75) 1{1.0) 1(0.93) 0 {0} >»0.20
Permanent pacemaker, n (%) 1(04) 1{1.0} 00 0 {0} »0.20
Post-operative new atrial 62 (23.2) 41 {39.8) B (7.5) 13 {22.8) 0.097
fibrillation, n (%)
Transient neurological 3(1.1) 3{2.9) 00 0 {0} »0.20
dysfunction, n {%)
Renal failure with need for 010 0 {0} 00 0 {0) »0.20
dialysss, n (%)
Mediastinitis, n (%) 1(04) 1{1.0) 010 0 {0} »0.20
Mortality, n {%) 1(04) 1{1.0) 01(0) 0 {0} »0.20

Martin CE et al. J Card Surg. 2017;1-9.
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Key question

What are the long-term results of aortic valve
reimplantation technique in patients with heritable
thoracic aortic disease?

Key finding(s)

David operation shows excellent long-term results and
no differences in survival compared to the general
population.

Take-home message

David operation is a safe and durable option for
treatment of aortic root aneurysms in young patients
with heritable thoracic aortic disease.

100 %

Freedom from event
50 %

25 %

Number at risk
Type-B dissection
Reaperation
AR >l

75 %

15-years follow-up
Survival. 5% (95HCLSZ; 95}
Reoperation, 96% (955%C191; 99%)
Type-B dissection.  B7% (95%CI:68; 35%)
ARsN 90% {95HCL:TT; 95%)
él é 10 15
Time from surgery (years)
149 95 42 8
157 98 42 8
157 95 42 8
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OBJECTIVES: The goal of this study was to analyse early- and long-term outcomes of aortic valve reimplantation (David operation) in
patients with heritable thoracic aortic disease.

METHODS: This is a retrospective observational analysis using data from a prospectively maintained surgical database from March 2004
to April 2021. Patients with heritable thoracic aortic disease were included in the study.

RESULTS: A total of 157 patients with aortic root aneurysm with the diagnosis of heritable thoracic aortic disease received the David pro-
cedure. Marfan syndrome was found in 143 (91.1%) patients, Loeys-Dietz in 13 and Ehler-Danlos in 1 patient. The median age was 35.0
(IQR: 17.5) years and the median ascending aorta diameter in the Valsalva sinuses was 48 mm (IQR: 4). A Valsalva graft was used in 8
patients; the David V technique was performed in the rest of the cases. The median follow-up time was 7.3 years [standard deviation: 0.58,
95% confidence interval (Cl): 6.12-8.05]. Only 2 patients died during the follow-up period. The overall survival was 99% (95% Cl: 95%;
99%); 98% (95% Cl: 92%; 99%); and 98% (95% Cl: 92%; 99%) at 5, 10 and 15 years. Freedom from significant aortic regurgitation (AR> II),
reintervention and postoperative type-B dissection was 90% (95% Cl: 77%; 95%), 96% (95% Cl: 91%; 99%) and 87% (95% Cl: 68%; 95%) at
15 years, respectively. No differences were found in any outcome between Marfan syndrome and Loeys-Dietz syndrome. No statistically
significant differences in survival were found when we compared expected gender- and age-specific population survival values.

CONCLUSIONS: The David operation is an excellent option for the treatment of patients with heritable thoracic aortic disease and dila-
tated aortic root. Surgical expertise in referral centres is essential to achieve the best long-term results.

157 patients ( MS 91%). Median age 35y, VS 48 mm
Median follow up : 7 years

Reimplantation (David): 100%

Hospital mortality: 0%
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Table 1. Baseline characteristics of the patients with connect- Table 2. Surgical characteristics of the analysed patients
ive tissue syndromes

Connective tissue

Connective tissue syndromes
syndromes N=157
N=157 Valve-sparring procedure
Age g,'ears} 35.0(17.5) David V 14; E%I-;:G}
Gender
Female 51(32.5 %) Wir (central plication) %g%%%} |
Male 106 (67.5 %) va graft (mm -34)
BSA (m?) 1.9 (0.4) Ascending aorta graft (mm)** 26(24-32)
Sl ]1'6 F '2’ ) As:?r:ii:es:::;:gdegecz 21 (26.6%)
Hypertension 2 (7.6% n
Diabetes 6(3.8%) Mitral valve: repair 30 (38%) |
Dyslipidemia 9(5.7%) Trrcu5|_3|d valu.fe repair _ . 7 (S_ﬁ}
Connective tissue disease e —
Marfan syndrome 143 (91.1%)
Loeys-Dietz syndrome 13 (8.3%) ninf- . 106 (3]
Ehler-Danlos type IV syndrome 1(0.6%,
LVEE WpeTvsy omm Intraoperative echocardiographic results
555% 149 (94.9%) Effective height {mm)’ 1.0(02)
35.55% 8(5.1%) Residual prolapse” B(5.1%)
Aortic regurgitation Low coaptation’ 1(0.6%)
Grades || 133 (84.7%) Residual aortic regurgitation
Grades Ill-IV 24 (15.3%) AR 0-1 (none-trace) 153 (97.5%)
NYHA functional class AR 11 (mild) 4 (2.5%)
:I 14; [23_‘;;%) Data are presented as n (%) or median and interquartile range (IQR).
n 1 EU- 6%::: *Results of over 78 records available.
Aortic type-A dissection 7 (4.5%) ‘"'F:;r l_he- grafts, data are presented as median and minimal and maximum
Ascending aorta diameter in the 48.0 (4) graft sizes.

Valsalva sinuses (mm) AR: aortic regurgitation; CPBP: cardiopulmonary bypass perfusion.
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All cause mortality

100%
80% Mortality rate in our study
(connective tissue syndromes)
——— Mortality rate in general population
—_ 60%
©
2
<
3
w
40%-
20%-
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Figure 1: The ratio of the observed number of deaths in our cohort is compared to the mortality rates expected in the general population (life tables from the
Spanish Health Ministry between 2004 and 2018 matched for age and gender). No statistically significant differences between the 2 groups were found (SMR 9.3;
95% Cl: -3.6; 22.1).
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Figure 2: Kaplan-Meier estimates for survival after valve-sparring intervention. The log-rank test is used to compare survival of patients with MS and other connective

tissue syndromes. There were no differences in survival regarding the connective tissue syndrome (log-rank: P =0.696).



Hospital Universitario

Q’quironsalud
Madrid

A. Forteza Gil et al. / European Journal of Cardio-Thoracic Surgery

75 % 100 %

Freedom from event
50 %

25%

Number at risk
Type-B dissection
Reoperation
AR >l

L LR N

v < Hospital Universitario
Puerta de Hierro
Majadahonda

SaludMadrid

[ Comunidad de Madrid

§ T T 0 1 1 [ )

149
157
157

T I
5 10
Time from surgery (years)
95 42
98 42
95 42

15



v q Hospital Universitario
Puerta de Hierro
Majadahonda

[ comunidad de Madria

In Summary

Reimplantation is safe, reproducible,
durable and with very low morbidity and
mortality
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In Summary

v" Full disection of the aortic root

v" Pull upwards the commisures

v' Tie softly the graft ( annulus >22-24 mm)
v' Haemostatic suture. Stiches close together

v Check competence and haemostasis.
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ADULT: AORTA: INVITED EXPERT OPINION

Valve-sparing aortic root replacement can be done o Checkiorupanees,
safely and effectively in acute type A aortic dissection

Zara Khachatryan, MD, Johanna Herajarvi, MD, PhD, Sergey Leontyev, MD, PhD, and
Michael A. Borger, MD, PhD

» | Video clip is available online.

Feature Editor’s Introduction—Despite a multitude of ad-
vancements in surgical technique and perioperative care,

Valve-sparing procedure using reimplantation

repair of an acute type A aortic dissection (ATAAD) is technique.
still associated with disappointingly high mortality and
morbidity. Although operative mortality from higher- CENTRAL MESSAGE

volume centers and surgeons may be <I10%, large datasets
such as The International Registry of Aortic Dissection and
the German Registry for Acute Aortic Dissection Type A are formed by experienced surgeons
more representative of real-world outcomes with 30-day in appropriately selected pa-

and in-hospital mortality still approaching 20%. For those
fortunate survivors, late aortic root dilatation and aortic
valve insufficiency, in addition to downstream aortic dilata- treatment option in patients with
tion, leads to the need for additional high-risk operations aciite fvne A anrtic diccectinn

The David procedure, when per-

tients, is a safe and effective



TABLE 1. Perioperative data and early postoperative outcomes after
David procedure in acute type A dissection (n = 55)

Variable Result
Preoperative characteristics
Age (y) 514 +12.1
Male 42 (76)
Connective tissue disorders 509
Bicuspid aortic valve 1(2)
Cardiopulmonary resuscitation 1(2)
Inotropic support 50
Ventilation 6 (11)
Pericardial tamponade 11 (20)
Preoperative critical state 9 (16)
Malperfusion 16 (29)
Cerebral 11 (20)
Coronary 4 (7)
Visceral 3(5)
Extremity 6 (11)
David procedure type
David I 34 (62)
David V 21 (38)
Concomitant procedures
GFR glue around the coronary buttons 50)
Coronary artery patch plasty or bypass 9 (16)
Mitral valve replacement 1(2)
Extent of distal aortic resection
Isolated ascending aortic replacement 4 (7)
Hemiarch 34 (62)
Total arch 509

Elephant trunk 12 (22)



Operative data

Cardiopulmonary bypass time (min)
Aortic crossclamp time (min)
Circulatory arrest time (min)

Operative time (min)

Circulatory arrest body temperature (°C)

Complications

Low cardiac output syndrome
Perioperative myocardial infarction
Permanent neurologic deficit
Temporary neurologic deficit
Re-exploration for bleeding

Sepsis

Gastrointestinal complications
Pulmonary complications

Renal failure requiring dialysis

Death

Intraoperative death
Hospital mortality
30-d mortality

Causes of hospital mortality

Intractable low cardiac output syndrome
Major brain damage

205 £ 55
148 + 38
28 + 12
319 + 78
25+3

6 (11)
1(2)
6 (11)
9 (16)
15 (27)
4 (7)
5(9)
19 (35)
10 (18)

0
2(4)
509

1(2)
1(2)

Values are presented as n (%), median (range) or mean —+ standard deviation. GFR,
Gelatin-Resorcin-Formalin.



The David procedure is associated with good
periopera- tive safety and long-term efficacy in select
ATAAD patients, in particular young patients and
those with connective tissue disorders. The David
operation is associated with decreased risk of long-
term prosthetic-valve—related complications, and
therefore should be considered the procedure of
choice in younger, lower-risk ATAAD patients when
performed by experienced surgeons.
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Is it safe Reimplantation in acute type A
aortic dissection ?

0 Comunidad do Madeie

Valve-sparing aortic root replacement may be reasonable in selected patients b c
with ATAAD.

- Tecnically demanding procedure.
- Prolongued myocardial ischemia and CPB - 0.6% of the patients in Japanese Registry
times 6.2% of the patients in German Registry
- Hostile aortic root (haematoma,
coagulopathy...)

| [inHospial R | votinal patients
Morrtality  Stroke Bleeding Stroke 5y- Survival Not in all centres.
Bentall 8% (5.9- 5.1(3-7.9 10 (6.9-13.6 4.8 (2.3-8.2 81%(78.5-83.9 .
10°§) (3-7.9) ( ) ( ) i ) May be an option... But careful
: selection.
David 2% (0.1-6.5) 2.7(0.1-8.4) 11.6(3.4- 0.5 (0-2.5) 98.8% (91.7-100)
23.8)

Mod. Mosbahi S et al.Eur J Cardiothorac Surg 2019



A progress report on reimplantation of the aortic valve

Tirone E. David, MD, Carolyn M. David, BN, Maral Ouzounian, MD, PhD, Christopher M. Feindel, MD,

and Myriam Lafreniere-Roula, PhD

ABSTRACT

Objective: To examine the late outcomes of reimplantation of the aortic valve
(RAV) in patients followed prospectively since surgery.

Methods: All 465 patients who had RAV from 1989 to 2018 were followed prospec-
tively with periodic clinical and echocardiographic assessments. Mean follow-up
was 10 + 6 years and 98% complete.

Results: Patients’ mean age was 47 = 5.1 years, and 78 % were men. The aortic root
aneurysm was associated with Marfan syndrome in 164 patients, Loeys-Dietz syn-
drome in 13, bicuspid aortic valve (BAV) in 67, and type A aortic dissection in 33.
Aortic insufficiency (Al) was greater than mild in 298 patients. Concomitant proced-
ures were performed in 105 patients. There were 5 operative and 51 late deaths. At
20 years, 69.1% of patients were alive and free from aortic valve reoperation, and
the cumulative probability of aortic valve reoperation with death as a competing
risk was 6.0%, and the cumulative probability of developing moderate or severe
Al was 10.2%. Only time per 1-year interval was associated with the development
of postoperative Al by multivariable analysis (hazard ratio, 1.06; 95% confidence
interval, >1.02-1.10; P = .006). Gradients across preserved BAV increased in 5 pa-
tients, and 1 required reoperation for aortic stenosis. Distal aortic dissections
occurred in 22 patients, primarily in those with associated genetic syndromes.

Conclusions: RAV provides excellent long-term results, but there is a progressive
rate of Al over time, and patients with BAV may develop aortic stenosis. Patients
with genetic syndromes have a risk of distal aortic dissections. Continued surveil-
lance after RAV is necessary. (J Thorac Cardiovasc Surg 2020;ll:1-10)
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Estimates of pertinent events after reimplantation
of the aortic valve.

CENTRAL MESSAGE
Reimplantation of the aortic

valve to treat patients with aortic
root aneurysm provides excel-
lent long-term results with slow
but progressive aortic valve
dysfunction.

PERSPECTIVE
This study provides new insights on late events af-
ter reimplantation of the aortic valve. Aortic valve
function deteriorates slowly over the years and it
may be worse in patients with bicuspid aortic
valves. Furthermore, there is a risk of distal aortic
dissections in patients with associated genetic
syndromes continued

and surveillance  is

necessary.

See Commentary on page XXX.
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TABLE 4. Cumulative proportions of adverse events over time shown as percentages and 95% confidence intervals inside the brackets
Variable/time 10y 15y 20y

Cumulative proportion with death or aortic valve reoperation as a competing risk

Thromboembolism 5.1 [3.3-8.0]

Endocarditis 0.5 [0.1-1.8]

Pacemaker implantation 5.0 [3.2-7.7]

Distal aortic dissection 2.1 [0.9-4.7]
Estimates of moderate/severe Al using generalized estimating equations

Moderate/severe Al 5.3 [3.7-7.4]

9.2 [6.5-12.9]
88.7 [85.3-92.2]

80.1 [75.1-85.4]

5.9([3.7-9.3]
0.5 [0.1-1.8]
6.0 [3.9-9.3]
6.1 [3.5-10.6]

7.3 [4.7-11.2]

69.1 [60.9-78.5

0.0 [2.8-12.9]

8.8 [5.0-15.5]

2.5 [0.5-12.3]

6.0 [3.9-9.3]
13.8 [7.6-25.1]

10.2 [5.7-17.4]

Al Aortic insufficiency. *Alive and free from reoperation.

Hospital Universitario
Puerta de Hierro
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A progress Report on Reimplantation of the Aortic Valve

A series of 465 patients who had
reimplantation of the aortic valve
were followed prospectively with
clinical and echocardiographic
assessment. Patients mean age was
47 + 5.1 years, and 164 had Marfan
syndrome, 67 had bicuspid aortic
valve and 33 type A aortic
dissection.

At 20 years, patients’ survival was
69.1% and cumulative probability
of aortic valve reoperation was
6.0%, and the cumulative
probability of developing moderate
or severe aortic insufficiency was
10.2%

This operation has provided
excellent long-term result, but
there is a progressive rate of aortic
valve dysfunction over time.

100% 7
Cumulative proportion of patients who developed
moderate or severe aortic insufficiency over time
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David TE et al. The Journal of Thoracic and Cardiovascular Surgery 2020



100} F‘\ s 104
{ T — N,
l‘ "'tfx % b g e . "
. \ - — T
oy O~ - 89
-y \ 2 GCroups:
S X '3\,\ l_! :‘nnn;mup
fy Groups: | - o o Scute dssection
= i-n.:‘n:\-::::"" . A g Marfan syndrome
_2 60) Bicuspid aortic valve 1 . "'i 604
a Marfan syadrome "N . >
3 hoe e 2
w ey X :ﬁ
2 L 8=
- N
'—; 40 L————J ——— § 400
£ -
a Year after surgery Patients at risk (entire group)  Survival rate {entire group) g Year after surgery Patlents at risk {entire group)  Freedom rate {entire group)
0 732 100% ? 0 732 100%
1 658 93% 4 1 644 97%
20 “ 20
5 523 88% Py 5 491 93%
10 347 77% S 10 306 88%
15 192 65% = 15 165 85%
20 55 a7% g 20 a8 81%
5 8% 3 25 2 81%
a 25 o o
0 5 10 15 20 25 30 0 s 10 15 20 25 30
Time after surgery (years) Time after surgery (years)
Beckmann E DAVID | 732 117 (16%) 81 (11%) 10+6,7 a. 11 (1,9%)** 10a: 77% 10a: 88% 98%
et al. [33] 15 a: 65% 20 a.: 85%
(Hannover)

Beckmann E, Eur J Cardiothorac Surg 2021



Hospital Universitario

Q’quironsalud
Madrid

2 < Hospital Universitario
Puerta de Hierro
Majadahonda

[ comunidad de Madria

Aortic "Ua]v[
Syndrome: |

Alberto Forteza, NI
Enrique Pérez, MD,
and Jose Cortina, W

Cepartments of Cardiac Surng k

534 aortic valve sparing operations l

157 Marfan syndrome

~

/

Background. We reviewed our experience with aortic
valve-sparing operations in Marfan syndromme during last
5 years.

Methods, Between March 2004 and June Zoo0%, 24 pa-
Hents with acrHc root anewrysms undervent valve-spar-
ing operations. OF these, 37 (68% malel were diagnosad
with Marfan syndrome, according bo the Ghent diagnos-
Ho criteria. Mean ame was 30 = 10 yvears (rangs, 11 o 59
yvears). Moderateisevers aortic regunzitation was preseit
in 127, and the mean diameter of the YValsalva sinuses
was 50 &+ 4 i (radge, 42 o 62 mai). The David W
modificatiodt was performed in the last 28 patients. Sd-
ditional procedures were midtral valve repair in &, ericus-
pid valve mepair in 3, closure of septal atrial defect in 2,
and closure of a patent foramen ovale in 13 MMean
follow-up was 27 = 16 mnonths (range, 1 b 61 months).

Reswlts. There were no in-hospital deaths and no major
adverse outcomes. One patient required implantation of
a mechanical prosthesis during the same procedure ba-
cause of moderate aortic regurgitation. One late death
occurred. Mo patients required reoperatdon. In the last
tollow-up, 23 patients did not have aortic regurzitatdan,
12 had grade I, and 1 had grade 1I. Mo throomboembolic
complications have been documented, and 27% of the
patients are free Fom andooagulation.

Cotcinsions. Short-term and middessm resuls with the
redimplaitation techaique for aortc foof aneurysons in
Marfan patients are excellent IF long-ternm resuales are
similar, this technique cowld be the beatment of choice
foa these patents.

AN Thorao Swirg 2010;89:953—&]
2 2000 by The Sodety of Thoracic Surgeods

Mortalidad hospitalaria 0,4%
> 90% libres de IAO > Il y de reoperacién




