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Abstract

Background. The two main techniques of valve sparing aortid replacement (VSRR) are remodelling and
reimplantation. There is concern that the aortioudurs, which is not stabilized in remodelling tecjue,
may dilate over time and cause aortic regurgitaffdR). Our aim was to assess whether the aorticlasn

dilates following VSRR with remodelling techniquéthmut aortic annuloplasty.

Methods. Data on patients undergoing elective or urgent VSBRodelling technique between 2005 and
2018 were collected. Patients undergoing arch ametgency surgery for acute type A aortic dissecivere
excluded. Pre-operative aortic annulus diametermeasured by transthoracic echocardiography (THE) a
this was compared to annulus diameter measuredtiremmost recently available TTE. The requirement f

re-intervention during follow up was recorded.

Results. Between 2005 and 2018, 98 patients underwent VSRRYy-six (67.3%) had Marfan or Loeys
Dietz syndrome. Median age was 60 (18-68) and 7414%%) were male. Median cross clamp and
cardiopulmonary bypass times were 122 (104-164) 1881 (121-198) minutes respectively. Median ICU
and hospital stay were 1 and 6 days respectivaypdients suffered perioperative stroke. There neais-
hospital mortality. At median follow up of 7.1 ysa(5-129 months), mean post-operative annular dime
was 25.7mm, from 24.2mm pre operatively, p=0.408e Qatient required aortic valve replacement during

follow up. Freedom from moderate or severe AR wWék% 9

Conclusions. There was no significant aortic annular dilatatiorselected patients undergoing remodelling

VSRR. Our data does not support routine use oflaptasty in patients with annular diamet@5mm.



The mainstay of treatment for patients with aamict pathology has been replacement of the aattand
valve with a composite valved graft [1].

Given the largely prophylactic nature of surgerypatients with aortic root dilatation, and the ggu
age at which these patients undergo surgery, thasebeen an increasing focus on aortic valve gparin
techniques (valve sparing aortic root replacem#®RR). This allows preservation of the native valve
leaflets and has the major advantage of avoidintgc@agulation in a patient who may otherwise have
received a mechanical composite graft. In additMBRR has been associated with reduced mortalitly an
valve related complications, compared to aortict n@placement with either a biological or mechahica
composite graft [2]. VSRR is also recognised toabeappropriate alternative to composite valvedtgraf
conduit root replacement (Bentall) and has been odstrated to show excellent post operative
haemodynamics, with low incidence of perioperathartality and morbidity [3].

There are two methods of VSRR which have beeropedd for more than 20 years. These are the
remodelling technique [4] described by Yacoub amileagues and the reimplantation [5] technique
described by David and colleagues. A number of fizadions to both these techniques have been made
since their introduction. The remodelling techniggi@ more physiological root repair with the fotioa of
neo-aortic sinuses. The reimplantation technigueelver involves reimplanting the aortic valve into a
straight tubed graft, as originally described. Byune of the technique, the aortic annulus is kg in the
reimplantation procedure. The originally descrilbethodelling technique does not specifically addtess
aortic annulus and there is therefore concern ttiataortic annulus may dilate over time, partidylam
patients with Marfan syndrome [6,7]. Some have adted the use of an annuloplasty ring or sututbeat
time of root remodelling to avoid possible dilabatiof the aortic annulus [8,9]. Despite this, these
conflicting evidence suggesting that the annulwesdwt dilate over time [10].

Our aim was therefore to assess the outcomes &RVE patients undergoing the remodelling

technique, as originally described, without the eisennuloplasty ring or suture.

Patientsand Methods
Between 2005 and 2018, demographic, clinical arefaidjve data for all patients undergoing VSRR was
prospectively collected. Local ethical approval wddained. The primary outcome was diameter of the

aortic annulus at follow up. Secondary outcomeswecidence of AR and reintervention during follap.
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Indications for Surgery

The indications for surgery were root aneurysm withmal or near normal valve function and diameter
5.5cm in symptomatic or asymptomatic individualsheout connective tissue disease. Patients withcaort
root diameter 4.5cm and who were symptomatic or asymptomatib winnective tissue disease, without
risk factors were offered surgery. In patients vetrtic root diameter of 4.5 cm and if there was a family

history of dissection or growth > 0.3 cm/year, thieey were also offered surgery.

Operative Technique

Our standardised method of root remodelling isadiewirs. Following median sternotomy, cardiopulmagnar
bypass is established at°85 If the dilatation of the ascending aorta exterwléts distal section, then to
maximize excision after cross-clamping, peripheeainulation is used, otherwise central aortic chation

is performed. A left ventricular vent is insertad the right superior pulmonary vein. Myocardiabtaction
is achieved using antegrade cold blood-based qaedjiz solution with topical cooling.

The diseased aorta is excised and coronary ositdlised as buttons, leaving a 3-5 mm rim of
tissue above the aortic annulus and around thenaoyduttons. A prosthetic graft larger (3 mm adtethe
annular size) than the measured annulus size é&tedl This avoids inducing aortic stenosis or cusp
prolapse. If annulus size is 25mm or above, therrovisider annuloplasty, providing there is no ntbien
moderate AR. Teflon-buttressed 4/0 polypropylerg sutures are placed on each of the commissurks an
traction applied upwards until optimum coaptatidrthe valve cusps is achieved. The graft is cuhete
points to match the commissures of the aortic valvé shaped to match the aortic sinuses of Valsalva
depth and width, which is measured using a rulef marked on the graft (Fig. 1A and 1C). The three
commissures are sutured to the corresponding apfdd® cuts on the graft, using 4/0 polypropyleGare
is taken to ensure symmetry (Fig 1). The grafthentlowered into position and the sutures tiedh e
knots on the outside. Continuous 4/0 polypropylisngsed to suture the graft to the small rim of airimg
aortic tissue. The coronary buttons are reimplamigld continuous 5/0 polypropylene and the distatia

anastomosis is completed with continuous 4/0 polgplene.



Annular Measurement and Follow Up

Pre operative aortic annulus diameter was meashbyedransthoracic echocardiography. All patients
underwent echocardiography prior to discharge aedewollowed up at 8 weeks, 6 months and then
annually with echocardiography and CT or MRI. Alsudiameter, measured from the most recently
available transthoracic echocardiogram, was condpéwethe pre operative diameter. The annulus was
measured in the long axis view at the hinge pdirthe aortic valve leaflets in mid-systole. Thesfiauthor
(RB) measured all the annular sizes being blinthéoreported measurement of the echocardiographers.
there was a discrepancy, measurements were regothe lzardiologist specialising in imaging (AMhe

requirement for any re-intervention during folloy was recorded.

Satistical Analysis

Continuous variables are expressed as mean + SDpearéntage for categorical variables. Median is
provided for continuous variables not following mad distribution. Student’s t-test was used as @mmte

to assess the difference between aortic annulaerdions, pre and post operatively, with values<df.@5
considered statistically significant. Analyses weeformed using SPSS® (Statistical Package foiaboc

Sciences, USA) version 24.

Results

Between 2005 and 2018, 98 patients underwent relimgd® SRR at our institution. Sixty six (67.3%) tha

connective tissue disease of which 61 (92.4%) hadfan Syndrome and 5 (7.6%) had Loeys-Dietz

syndrome. Two patients (2%) had bicuspid aortiovealOne patient (1%) during the study period was

pregnant at the time of surgery. Clinical charastiess are shown in Table 1 and operative detailBable 2.
During the period of the current study, 453 pasamderwent complete aortic root and ascending

aorta replacement (Bentall procedure). This coéectudes aortic dissection and VSRR. 340 patief%o]

had predominantly aortic stenosis and 86 patiet®o] had AR of moderate and severe degrees. The

hospital mortality in this group was 1.2%. SurVigga median follow-up of 5.6 years was 93.5%. Wdee

reported this cohort previously [11].

Preoperative AR



Of 98 patients, 45 (45.9%) had no pre operative B&tty-nine (50%) and 4 (4.1%) had mild and moderat

AR respectively.

Graft Szing and Cusp Repair
Median aortic graft size was 28mm (range 20-30nArgtraight vascular graft was used in each casspCu
repair was performed in 2 patients, where the eddgethe non coronary cusp required reduction. In 2

patients, suspension/lifting of the non/right cancommissure was performed.

Follow up and Annular Dimension
The median aortic annulus diameter measured orsttraracic echocardiogram prior to surgery was
24.2+7.1mm. At a median follow up of 7.1 years &1months), mean aortic annulus diameter was

25.7+£5mm, p=0.403.

Early Mortality and Complications

Operative mortality and complications are shownTable 2. There were no in-hospital deaths and no
incidence of stroke, re-sternotomy for bleedingnhbgltration, peripheral vascular injury or lapavoty.
One patient required coronary artery bypass grafiesy. In this patient, it was not possible tofpen a
coronary angiogram prior to surgery due to accesblems and she had a CT angiogram instead which
showed grossly normal coronary arteries. Howevwehaur following cessation of cardiopulmonary bypas
she developed ECG changes in the lateral leads@odary artery bypass grafts were performed. dithe
well and was discharged 12 days later. A lateragngm revealed ostial narrowing of the circumflessel.

Median intensive care unit (ICU) and hospital skteeye 1 and 6 days respectively.

Outcomes Following Hospital Discharge and Reintervention

Follow-up was complete in 94% of the patients. aAtnedian follow up of 7.1 years (5-129 months),
freedom from moderate or severe aortic regurgitaticas 97%. One patient required reoperation and
underwent aortic valve replacement for cusp pra@a@ne patient developed moderate AR. This was a
patient with Marfan syndrome who was noted to haalge deterioration during pregnancy, but this was

related to annular dilatation.



Comment

We have demonstrated that in patients undergoinBR/8sing the remodelling technique that the aortic
annulus does not dilate over time in patients aitinular diameter of 25mm or less. In addition, \ageh
demonstrated that surgery can be performed withinmailhcomplications and very low mortality, with @
incidence of AR during follow up.

The occurrence or recurrence of AR in patientsetging root remodelling has been attributed to
aortic annular dilatation, particularly in thosalMarfan syndrome [7,12]. David and colleaguesntified
that in their smaller cohort of 22 Marfan patieotsdergoing root remodelling, half were noted toéhav
dilatation of the annulus over a mean follow upl®f+ 38 months [12]. However, Yacoub and colleagnes
their 10 year follow up of the technique they amajly described suggested that the aortic anndus i
generally spared in both aneurysm and dissectiprO@r data is consistent with this and demonsérétat
the aortic annulus does not dilate with time, ewmgpatients with Marfan syndrome.

In recent years, the addition of the annuloplaisty or suture to the remodelling technique hasbee
advocated [8,13,14]. Lansac and colleagues haveomisnated excellent early and long term outcomes
following VSRR. In a series of 177 patients frome tAVIATOR (Aortic Valve repair InternATiOnal
Registry) registry, annular dimension greater t2&mm prompted stabilization of the annulus with an
annuloplasty ring. This requires further dissectdrihe aortic root to the level of the subvalvybdaine to
allow placement of the ring, which may prolong semic time. In addition, in their early experientey
used a self-made ring of Dacron from the vasculaftgo create an annular ring, which arguably tiees
disadvantage of being non expansile. However, baye now changed to using an expansile custom made
ring. The theoretical benefit of the addition of tfing is therefore to reduce annular size andethereduce
long term failure, of which uncorrected annulaatiition at time of surgery has been shown to hiska r

factor.



Failure of the remodelling technique, or valve smamprocedures, we feel is likely to be related
largely to leaflet geometry as well as the pre-apee annular dimension. This has been explored by
Kunihara and colleagues, who have demonstratetiein targe series of 430 patients, that the lommte
durability of VSRR is not related solely to thetamue or repair but to the configuration of theflets and
also the preoperative annular dimension [15]. Inedew by David, they suggest that remodelling be
considered in those with a normal annular dimensiod this is similar to the conclusion by Lansad an
colleagues that an annular dimension of >25mm egliptive of late failure of valve sparing operason
[7,13]. As a result, our routine practice is to sider VSRR without annuloplasty in those with pperative
aortic annulus of£25mm. In patients with annular dimension of >25mwve, would consider annuloplasty
providing there is no significant AR.

In relation to leaflet geometry, Schéfers andeaglies have suggested that cusp prolapse can be
induced by root repair, particularly in the remdidgl technique and they attribute part of theircass in
remodelling technique to the measurement of leaffetctive height, which should be 9-10mm as messur
by a specially designed caliper [16]. We did notpkay this technique in our series, however we would
perform cusp plication if there was evidence ofpcpolapse at the time of surgery.

Furthermore, with regard to annular stabilizati®ohéafers and colleagues studied a large number of
patients undergoing the remodelling technique,aupvb years. More than half of the 798 patientslist
underwent no annular stabilization [10]. They meaduhe pre and post operative annular diameter and
concluded that the aortic annulus rarely dilatesrdime and that even without annuloplasty, thei@or
annular dimension is reduced following remodellifbey suggest that by achieving valve competeines, t
the annulus is unlikely to dilate. Our results eo@sistent with their findings in that the annutlees not
dilate following surgery at a median follow-up ofl #ears.

In David reimplantation technique the aortic ansula stabilized. However, reimplantation, as
originally described, was based on the aortic vélemg reimplanted into a straight vascular gr@fte of
the theoretical benefits of the remodelling techriis the creation of neo-aortic sinuses. In aregxgEental
study by Fries and colleagues, they demonstrated) @ in vivo model that leaflet motion was much
smoother in a model of the remodelling techniquengaxed to reimplantation [17]. This was also

demonstrated by DePaulis and colleagues [18]. Mumimy leaflet motion may improve valve durabiléyd



thereby provide longevity of repair, which we féeln important advantage of the remodelling tempini
particularly given the younger cohort of patientsowundergo this procedure.

In addition to valve leaflet durability, it has Imedemonstrated that the remodelling technique also
maintains and preserves normal geometry as wetlyaamic function of the root. In a small study by
Yacoub and colleagues, they demonstrated usingmudality imaging techniques, including CT scanning
cardiac MRI and computational fluid dynamics the temodelling technique reduced postoperativelannu
dimension without the use of annuloplasty ring wtuse and that the elliptical shape of the aortinudus
was maintained and changed during the cardiac @ydethat there was preserved reservoir functicmef
aorta as well as a normalised pattern of flow i dortic root, ascending aorta and distal aorta (Ailst
they did not relate these to clinical outcomessé¢héindings may clearly have an impact on long term
function of the aortic root and therefore may hamempact on clinical outcomes and quality of life.

Our study is limited by the number of patients anty midterm follow-up. There was no dilatation
of the annulus seen at median follow-up of sevahraaximum of eleven years. It may be that, in patdr,
patients with connective tissue disease, that thmae be dilatation at longer follow-up. The curreaties is
a select population of patients who are referredy ea the course of their disease. Furthermore, th

occurrence of BAV and more than moderate AR was Tdvese contribute to the good outcomes reported.

Conclusion

We have demonstrated that the aortic annulus doiedilate over time in patients undergoing VSRRhwit
the remodelling technique with a preoperative amndimension of 25mm or less. There is a low incage
of AR during follow up and surgery can be performgth minimal complications and mortality. Our data

does not support the routine use of annuloplaspatients with annular diamete25mm.



Figurelegends
Fig 1. Steps of measuring the depth of each siAysféshioning the prosthetic graft (B-E) and figithe

commissures (F, G).
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Table 1 Demographics

Demographic

No. (range or %)

N

Age: median (range)

Male

Connective tissue disease

Marfan Syndrome

Loeys-Dietz Syndrome

Bicuspid aortic valve

Logistic Euroscore + SD

LV function <45%

Median ascending aorta diameter (mm)

Preoperative mild AR

Preoperative moderate AR

No preoperative A

08
60 (18-68)
71 (72.4%)
64 (65.3%)
59 (92.2%)
5 (7.8%)
2 (2%)
342

8 (8.2%)

39 (28-50)
49 (50%)

4 (4.1%)

45 (45.9%)

SD = standard deviation; LV = left ventricular; ARaortic

regurgitation
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Table 2 Operative Details

Outcome

Number (range or %)

Operative

Cross clamp time (mins)

122 (104-164)

Cardiopulmonary bypass time (mins) 138 (121-198)

Conversion to aortic root

replacement

Post-operative

Total hospital mortality
Stroke

Re-sternotomy for bleeding
Hemofiltration

Peripheral vascular injury

Laparotomy

Median intensive care unit stay
(days)
Median hospital stay (days)

1 (1.0%)

1(1-3)

6 (5-7)
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