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Recent Early Operative Outcomes of Comprehensive Aortic Root &
Valve Reconstruction (CARVAR) Procedure

Sung Jun Lee, M.D.*, Je Kyoun Shin, M.D.*, Dong Chan Kim, M.D*, Jin Sik Kim, M.D.*,
Jun Seok Kim, M.D.*, Hyun Keun Chee, M.D.*, Meong-Gun Song, M.D.*

Background: A Comprehensive Aortic Root and Valve Reconstruction (CARVAR) procedure is comprised of aoric
root wall reconstruction and corrections of the leaflets for treating various aortic valve diseases. We evaluated our
recent early clinical expernence with the CARVAR procedure. Matenal and Method: From Oclober 2007 to
September 2008, 114 cases (66 males) of CARVAR procedures were performed. The mean patient age was 53
years (range: 14~84). The patients were divided into 4 groups: 1) the AAR group: aoric regurgitation with aortic
root wall deformity such as annulo-aortic ectasia or ascending aoriic aneurysm (n=18), 2) the |AR group: isolated
AR with leaflet abnormality (n=42), 3) the |AS group: isolated aortic stenosis (n=51) and 4) the PAVR group: pre-
vious aortic valve replacement (n=3). Sinotubular junction (STJ) reduction was done in all the patients, leaflet cor-
rection was done in 10 of the AAR group patients and in all the patients of the other groups, annulus reduction
was done in 14 of the AAR group patients and in 6 of the |AR group patients. Aortic dissection was excluded
from this analysis. Result: There was no mortality or follow-up death. The diameter of the aortic sinus decreased
from 54 6+84 mm to 38.3+38 mm in the AAR group, the mean AR grade decreased from 3.2 to 02 in the IAR
group, the mean aortic valve pressure gradient decreased from 47.1x244 mmHg to 151x11.7 mmHg in the IAS
group and the mean AR grade decreased to 0 in the PAVR group. Balloon type coronary perfusion cannula-re-
lated coronary ostial stenosis developed in 4 patients and this was treated with OPCAB in three patents and with
PTCA in one patient. Two patients developed postoperative infectious endocardiis. All the patients were discharged
and followed up in a stable condition. Conclusion: The CARVAR procedure showed excellent short term results,
but a good further follow up result is required to apply this procedure to most kinds of aortic valve diseases.

(Korean J Thorac Cardiovasc Surg 2009;42:696-703)




Notice about article: Lee $J, Shin JK, Kim DC, Kim JS, Kim
J8, Chee HK, Song MG. Recent early operative outcomes of
comprehensive aortic root & valve reconstruction
(CARVAR) procedure. Korean J Thorac Cardiovasc Surg
2009;42:696-703

Editorial commitiee of the Korean Journal of Thoracic and Cardiovascular
surgery

This article was reviewed by the editorial committee of the Korean Journal of
Thoracic and Cardiovascular Surgery.

Any author who is going to cite this article for writing, must consider the facts listed
below which were found during review of this article.

Study group enrolment

- 3 cases of "converting to AVR during CARVAR operation” were omitted.

- Re-do CARVAR case was not included.

Complication

- Important complications such as postoperative endocarditis, bleeding, arrhythmia,
heart failure were not completely evaluated in this study.

- Postoperative AR grading scale criteria was not clear. This may affect the
conclusion of this article in terms of "favorable outcome of CARVAR operation”.
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remnant AR. A fracture in ] for_leaflet
correction was causative for the persistent AR.
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1cm distal to the aortic commissures. The aortic wall was
resected and the coronaries were tnmmed as buttons to be
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accordlng to the technique as described by Yacoub and
associates. The isolated coronaries were then reattached as
buttons with #6-0 continuous prolene sutures to the

respective coronary sinuses. The distal end of the graft was
then anastomosed to the distal ascending aorta. Afte 3
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2005.8.22; (AMC technique; avoiding Bentall op , AVR with Mira 25mm,
iInner ring 28mm, outer ring 38mm)

2005-08-29 Immediate postop. CT 2010-6-5 CT




22 year old male Marfan patient

2005. 8.22, 1st op

F/U dissection CT ; sinus dilation increased gradually
+= Ze/d 41 but neglected

2010.5.8 ; acute type B aortic dissection developed




Pre-operative CT image




- A=l ER visit but op refused

- 2010. 5.31 ; TAAA replacement at AMC
- sinus dilation iIncreased more and more

- 2011. 4.14; redo- Bentall op




Post-operative CT image
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CASE REPORT

Isolated aortic root dilatation following sinotubular junction
reduction using prosthetic rings

Sung Jun Park, Joon Bum Kim and Cheol Hyun Ehungfr

Department of Thorack and Cardiovasoular Surgery, Asan Medical Center, Unfversity of Ulsan College of Medicine, Seoul, Korea

* Comesponding author. Department of Thorackc and Cardiovasoular Sorngery, Azan hMedical Center, Unfversity of Ulsan, College of hMedicine, 388-1
Pungna p-do ng Songpa-go, Seoul 138-7348, South Korea. Tel: +82-2- 300 0-3%46; faw +82-2-301 085648 e-mal L hyon?2 FEpamc seoul ke §CH Chwong).

Receved 18 Sspember 201 1; recsived inrevised form & December 2011, accepted 12 Deosmbser 20101

Abstract

‘Comprehensive Aartic Root and Vahe Reconstruction” technigoe, which was first introdoced in 2005 involves aortic oot reduction
using prosthetic rings in order to preserve the native aortic sinuses in patients having aortic regurgitation associated with aortic root
dilatation. We report a case of isolated aortic sinus aneurysm in a Marfan syndrome patient following the aortic root presering surgery
in the presence of ascending aorta aneurysm and annuloaortic ectasia. Re-operation consisted of acrtic sinus resection and replace

ment with an atificial graft, and coronary reimplantaion using a button technigue. Close follow-up is essential for patients who under

went aortic root presenving surgery to appropriately manage this kind of complication

Keywords: Aortic root = Aortic valwe repair = Aortic aneurysm * Re-ope@ation

CASE REPORT

A 2T -year old, Marfan syndrome malke patient presented swith
marked aortic sinus dilatation. Six years before he undersent re
placement of the ascending aorta and hemiarch (Vasoutek graft,
24 mm, Renfresveshire, Scotdand, UK), sinotubular junction redoc
ton using proghetic rings (ScienCity Co., Seoul, Konea) and
mechanical aocrtic walve replacement (Edwards MIRA, 25 mmi,
Edhwards Lifesciences, Irvine, CA, IUSA) for the treatrment of anmu
loaortic ectasia, ascending aorta aneurysm and sevene aortic in
sufficiency (Fig. 1. During the prior operation, redoction in
enlarged aortic root was attempted by inserting two prosthetic
rings, inner ring {28 mm) and outer ring (38 mm) {(ScienCity Co.,
Seoul, Korea), which were attached to the inner and outer
surface of the aocrtic root, procimal to the comnary ostom
Another 26-mm sized ring was atached to the intima of the
sinotubular junction, distal to the coronary ostiom. Five years
after initial surgery, he undersent thomooabdominal aorta e
placement (from proxdmal descending aornta to the supra-celiac
level) for the treatment of dissecting aneurysm of thomcoab
dominal aora without postoperative com plications.

At the current evaluation, the follow-up computed tormog
raphy (CT) images revealed an aortic sinus aneurysmal dilatation
up to S0 mm in diameter at the level of the aortic sinus beteesn
the mechanical acrtic valwe (Fig 2) and the prosthetic rings, and
hence an elective operation was planned. Intraoperatively, the
prowimal part of the aortic sinus was severely dilated, keaving
only the prosthetic rings attachment site relatively intact in its

mechanical wvalhve with bhorizontal mattress sotures. Cononary
artery was meimplanted with the coronary button technigue.
Cardiopulmonary weaning was soccessfully done. The patient’s
condition was complicated wwith acute renal failure, which was
managed with temporary (21 days) haemodialysis. The follow-up
CT findings wene unremarkable, showing patent sinus graft and
reimplanted coronary arteries without flow disturbances. The
urirme output progressively increased to finally recover normal
renal function. The patient was discharged on 38th postope atve
day, without com plications.

DISCUSSIOMN

Compmbensive Aortic Root and Valve Reconstruction techrnigue
{CARVAR) was first introduced by Song et al in 2005 [1]. This
technigue invalves the reduction of the aortic oot size using
prosthetic rings that are attached to the inner and outer surface
of the sinotubular junction, and thereby correction of associated
aortic insufficiency B expected in patients with aocrtic insuffi
ciency secondary to aortic root enlargement In selected cases
leaflet extension was combined using bovine pericardial patch
according to the presence of leaflet deformity or incomplete oo
aptation. Repons of consecutive series of the CARVAR technigue
were followed, with excellent short- and mid-term results [2, 3]
Unlile David- or Yacoup-type aortic valve sparing procedure,
in this technigue, aocrtic sinus tissue remained intact in the ex
pectation of sinus function preseration. In their repons, the
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Novel technique of aortic valvuloplasty

Shee Young Hahm?, Suk Jung Choo?, Jae Won Lee?, Joon Beom SeoP,
Tae Hwan LimP®, Jae Kwan Song€, Je Kyoun Shin ¢, Meong Gun Song®'"

European Journal of Cardio-thoracic Surgery 29 (2006) 530—536

Table 1
Preoperative patient profiles

Variables AR AAR

Wumber of patients 30 39

Age (mean + S0 (range)) 43.4 4 14.0 495 + 17.3
(17—68) {(16—73)

Sex (M:F) 19:11 26:13

Causes of AR
Ascending aortic aneurysm 1
Annuloaortic ectasia 17 (13)

{Marfan's synd) -
Isolated AR

Main leaflet pathology
Leaflet thickening
Leaflet prolapse
Degenerative change
Bicuspid aortic valve
Quadricuspid aortic valve
Commissural detachment
Infective endocarditis
Aortic steno-insufficiency

2

50, standard deviation; AR, aortic regurgitation; synd, syndrome.
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Preoperative Diagnosis
; Severe AR, focal narrowing of abdominal aorta, Takayasu arteritis, HTN

Operation : 2007.01.03

- AVP (AMC technique, new leaflet formation, inner 26mm, outer 34mm)
- Axillo-femoral bypass ( 10mm Gore-Tex graft)




Postoperative follow-up (op; 2007,1,3)

- 2007. 01.08 postop f/u echo : Trivial AR after AVP
- 2007. 07.18 postop f/u echo : Trivial AR, r/o edematous change of NCC
-2007. 08 ~2010.12 : ZA=Ci=f W &HHA CS, CV follow-up
-2010. 11. 29 7d=CH ¥-H Echo F/U due to moderate to severe dyspnea developed
Echo ;
.05 .17 : generalized edema S8t dyspnea M &3tE|= A 74 Eod

EH 20| A Echo A& : severe AR with detachment of neoleaflet

Redo operation : 2011.05.27

- Redo AVR (Top-hat 19mm),

- Asc. Ao. Replacement (Hemashield 28mm




2007 07 18

2006/12/2
pre-op




2007/1/9 2011/5/26
Immediate post-CARVAR Before Redo-OHS




FR 38Hz
13cm

1)

38%
c50

P Low
lel

FR 38Hz
11em

2D
38%
c 50
P Low
HGen

FR 11Hz
13em

20

FR 39Hz
15em

20

“45%
c50

P Low

FR 39Hz
13cm

20
47%
C 50
P Low
HGen

FR 14Hz

15em
20
43%
€50
P Low
HGen
CF

70%
2.5MHz.

Jan 2007

FR 39Hz

FR 39Hz
11em

20
54%
€50
P Low




Nov.2010 Z4=Cj May 2011 AMC Jan 2012 reop

FR 39Hz FR 39Hz
11em 11em

2 . i)
54% 2 2 51%
C 50 c 50
Plow P Low

FR 14Hz FR 15Hz
14em

0
54%
cs0

P Low
HGen
CF
76%
2.5MHz




Op finding at redo-operation
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CARVAR In Asan Medical Center

from April.07 to July.20 2007

N =30




CARVAR in Asan Medical Center

Profiles

Number of patients (%)

Female gender

Aortic valve pathology

AAE with AR

|solated AR

|solated AS

ASR

SBE

Chronic aortic dissection without AR
Combined operation
Ascending aorta replacement
CABG

MV repair

AF ablation

8 (26.7)

10 (33.3)

7 (23.3)

8 (26.7)

3 (10.0)

1(3.3)

1 (3.3, Marfan syndrome)

12 (40)
2 (6.6)




CARVAR in Asan Medical Center

® Major complications

, 3 in-hospital deaths (10.0%): IE in 2, intractable bleeding in 1

; in 2: all underwent reoperation
and died

; in 4: Bentall operation in 3 (1 patient
underwent 4 operations) and AVR in 1

: (AR=3 or AV mean PG> 30mm oo’
n=13 (AR in 8, AS in 5). Of them 4 underwent reopesai




Patient

ID

Mame

OP.Date

DX

34850000

H0olx

2007.04.21

2007.08.03

SBE. Root abscess
AR. MR. TR.

IE. AR

CARVAR

with asc. A. replacement , MVP. TAP

Redo Bentall(prima plus 21mm

342940000

2007.06.13

2007.06.20

2007.07.03

2007.07.13

AR.

Severe AR.
latrogenic VSD
Complete AVBlock

failure of prev. AR repair

CARVAR

VSD patch closure

pacemaker Insection

Redo Bentall with prima plus

MAP

Ascending a replacement

35180000

2007.07.20

2007.08.01

2007.10.11

AR.

failure of prev. AR repair

pseudoaneurysm of

LVQT(rapture to RA)

CARVAR

MVR with Mira valve

Bentall op with S-J AUG 25mm

Redo Bentall with Homograft

Ascending a replacement

34760000

2007.04.02

2007.07.25

Asr

failure of prev. repair

CARVAR
AVE Mira 19mm

Ascending a replacement
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Long-term results of aortic valve-sparing operations for
aortic root aneurysm

Tirone E. David, MD, Christopher M. Feindel, MD, Gary D. Webb, MD, Jack M. Colman, MD, Susan Armstrong, MSc,
and Manjula Maganti, MSc

J Thorac Cardiovasc Surg 2006;132:347-54

« 1988-2005:

« 220 consecutive patients who had aortic valve
sparing for aortic root aneurysm




Long-term results of aortic valve-sparing operations for  with
aortic root aneurysm

David et al. J Thorac Cardiovasc Surg 2006
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3 b4 0—0 > el
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Sgre Seedh  WR £ 0yr: 0424%  75:10%
foyr: 8823%  91%  §
20 - L 20 Patients at risk:
Patients at risk: 161 45 18
220 100 27 50 43 8
0 0 T ]
1 1
0 . " 0 5 10
Years Postoperatively

Years Postoperatively

Figure 3. Freedom from moderate or severe Al in patients who
had reimplantation of the aortic valve and remodeling of the
aortic root.

Figure 1. Survival of patients after aortic valve-sparing opera
tions compared with survival of age- and sex-matched genera
population of Ontario.




Aortic Valve Repair Using a Differentiated Surgical Strategy

Frank Langer, MD: Diana Aicher, MD; Anke Kissinger, Olaf Wendler, MD; Henning Lausberg, MD:
Roland Fries, MD; Hans-Joachim Schifers, MD

Circulation. 2004:110[suppl II]:II-67-11-73.

1995 to 2003
AV repair in 282 of 493 patients (57.2%) undergoing
surgery for AR




Aortic Valve Repair Using a Differentiated Surgical Strategy

Langer et al. Circulation 2004

100
i‘l —=— isolated AVRp
€ g —— isolated ARRc
< ——combined AVRp/ARRc
..EE B0 At 5-year
81% for isolated valve repair
70+ 84% for isolated root replacement
T 94% for combination of both
B

0 12 24 26 48 60 72 84 06
Follow-up (months)

Figure 7. Freedom from AR grade =ll (AVRp indicates aortic
valve repair; ARRc, aortic root reconstruction).



J Thorac Cardiovasc Surg 2000;138:859-64
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FIGURE 3. Kaplan-Meier estimates on freedom from aortic insufficiency  pjGURE 2. Kaplan-Meier estimates on freedom from reoperation on the
(Al} greater than mild after aortic valve—sparing operations. aortic root after aortic valve—sparing operations.




Midterm Results of Aortic Valve Replacement Using Tissue Valve

Dukhwan Moon, M.D.*, Jae-Won Lee, M.D.*, Yun Seok Kim, M.D.**, Won-Chul Cho, M.D.*,
Sung-Ho Jung, M.D.*, Suk-Jung Choo, M.D.*, Cheol-Hyun Chung, M.D.*

Korean J Thorac Cardiovasc Surg 2010;43:627-634
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Fig. 4. (A) Actunal freedom from reoperation in the aortic bioprosthetic valve replacement patients. (B) Acturial freedom from structural
valve deterioration (SVD) in the aortic bioprosthetic valve replacement patients.
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Durability of Pericardial Versus Porcine Aortic Valves

Guanggiang Gao, MD, YingXing Wu, MD, Gary L. Grunkemeier, PHD, Anthony P. Furnary, MD,
Albert Starr, MD

Portland, Oregorz

Marked drop after 15 years

100" 1007 Pericardial
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Freedom from reop. at 2 years : 89.5 = 5.7%
CARVAR in Asan Medical Center
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Decision Letter

® From: ats@uphs.upenn.edu
Subject: The Annals of Thoracic Surgery MS
ID# ATS/2004/070433
Cc:
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ATS/2004/070433

MS TITLE: Novel technique of aortic valvuolplasty




® Reviewer 1 Comments for Author

¢ ... Doctor Song and colleagues describes that "A new durable
technique for aortic valve repair was developed” but not
a single component of their "novel technique” is really
novel.

Actually, if they had reviewed the literature more carefullly
they would have found that every part of their complex
aortic valve repair has been described before.

Reduction of the diameter of the aortic annulus was described
by Tirone David during the 1990's. Aortic cusp augmentation
or creation with glutaraldehyde fixed autologous pericardium
was first described by the late Ake Senning and extensively
used by Carlos Duran during his experience in Saudi Arabia.
Aortic cusp reduction was described by George Trusler iIn
patients with sub-aortic VSD and by Alain Carpentier, Delos
Cosgrove, Tirone David, and Hans Schaeffer for
myxomatous bicuspid and tricuspid aortic valve disease with
prolapse. Reduction of the diameter of the sinotubular junction
to increase aortic cusps coaptation was flrst described by
Frater and extensive published by David. "Sandwiching" the
aortic root with two strips of synthetic fabric is as old as
operations for aortic dissections and extensively publlsh
Craig Miller. What the authors have done IS

number of these techniques in a variet

iInvolving the aortic root.




® Reviewer 1 Comments for Author

¢ The paper is not well written. The introduction has
several erroneous interpretations of the work by
other authors. The description of the operative
procedure is unclear. The authors failed to

determine the mechanism of Al in each sub-group
of patients who had their "novel" technique, and
did not quantitate the reductions, additions,
etc. on the various components of the aortic
valve.




® Reviewer 2 Comments for Author

& .. However we feel that the technique described
does not represent a major Iinnovation. |t
represents merely a combination of commonly
used surgical strategies In various heterogenic
aortic pathologies and in fact the patients

described In this paper encompass a
heterogenic population with aortic dissection,
non dissecting aneurysm, annulo-aortic ectasia and
various types of leaflet pathologies including
rheumatic disease. Therefore one can hardly

consider this as one technique.




® Reviewer 3 Comments for Author

¢ .. Currently the series Iincludes multiple patient
types and is difficult to sort out. Analyze the
dissections separately. Analyze the leaflet extensions
and leaflet repairs separately. Try to learn what is
working well and then share it with the Thoracic
community.

¢ | have several difficulties with the paper.

First the title i1s erroneous - this iIs not a novel
technique. At best, it Is a novel combination of
previously published techniques. The annular
correction is virtually identical to the David 11
procedure annular correction. The leaflet repairs,
extensions, etc. have all been described by Duran,
Angel, Cosgrove, etc. The STJ fixation/reduction has
been discussed by many authors and thelr techny

the same as the standard four layer disseglds

As such | do no




® Reviewer 4 Comments for the Author...

My biggest concern with your technique is that the

native tissue at the level of the sinuses is left intact
which in previous studies has been shown to lead to
subsequent dilation and recurrent root aneurysm +/-
Al.

As stated above there does appear to be a trend towards
Increasing Al by the presented Echo data in this paper.

One or two year data would be more helpful.
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