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Protective Effect on Preserved Aortic Valve
Cusps of Reconstructed Pseudosinuses
in the Aortic Root Reimplantation Technique

Kan Nawata, Shinichi Takamoto, Kansei Uno, Aya Ebihara,
Tetsuro Morota, Minoru Ono, and Noboru Motomura

Summary

Background: Since 1998, wehave experienced forty-three aortic root reimplantations.
The former nineteen patients underwent so-called David I procedure (D1 group),
and the latter twenty-four patients modified David V procedure (D5 group), in
which pseudosinuses were reconstructed. Early outcomes of D5 group have been
more satisfactory than that of D1 group.

Objective: To compare the root dimension and characteristic of the aortic valve
motion after two types of reimplantation technique.

Methods: For twelve patients in D1 group and eighteen in D5 group, left ventricular
dimension, aortic root diameter, and severity of aortic insufficiency were measured
by transthoracic echocardiography (long axis view via left parasternal approach).
Aortic valve motion was also investigated via M mode scan.

Results: Aortic annular diameter and left ventricular dimension were similar in
both groups. Sinus of Valsalva was significantly larger in D5 group. Rapid valve
opening/closing time, ejection time, maximal opening distance and opening dis-
tance just before rapid closing didn’t show significant difference. Calculated rapid
valve opening/closing velocity was the same, but slowly closing displacement
before rapid valve closing was significantly larger in D5 group.

Conclusion: Slowly closing valve motion before rapid closing might contribute to
the better valve durability in D5 group with pseudosinuses reconstruction.

K. Nawata, S. Takamoto, T. Morota, M. Ono, and N. Motomura
Department of Cardiothoracic Surgery
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Department of Cardiovascular Medicine,
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T. Kazui and S. Takamoto (eds.), Advances in Understanding Aortic Diseases,
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Keywords reimplantation - pseudosinus - valve leaflet motion - outcome - aortic
root replacement

Background

Our primary strategy for patients with aortic root dilatation and normal aortic cusps
is valve-sparing aortic root replacement. Since August, 1998 to October, 2007,
we have experienced 44 cases of reimplantation technique. The first nineteen of
them underwent David-I type reimplantation (original David-I: the D1 group), and
the rest twenty-five patients underwent modified David-V type reimplantation (the
D5 group). Early outcomes have been more satisfactory in the D5 group. Our modi-
fication of David-V reimplantation (UT modification) has been described before [1].
Shortly speaking, we use only one straight graft. To make pseudosinuses, one end
of the graft is plicated at three triangular parts. Then the trimmed aortic root is
reimplanted inside the tubular graft, securely tied onto the aortic root, sutured along
the remnant cusps’ line, and coronary buttons are anastomosed. Three longitudinal
suture lines are made to make the tube narrow and the distal anasotomosis is done.

The profiles of the patients who underwent a reimplantation procedure are shown
in Table 1. Operative outcomes after reimplantation are as shown in Tables 2a
and 2b. Postoperatlve changes in aortic regurgitation after two types of reimplanta-
tion are demonstrated in Figure 1. The D1 group showed gradual progress or recur-

Table 1 Patients’ profiles (Reimplantation)

D1 D5 p value
n 19 25 -
Gender (Male:Female) 12:7 16:9 NS
Marfan Syndrome 15 (79%) 18 (72%) NS
Age (years old) 31+13 36+16 NS
Valsalva sinus (mm) 55.5+8.7 55.3+84 NS
AR grade 1.6x1.1 1.7+1.4 NS
Follow-up (months) 5821 22+14 <0.001

AR: aortic regurgitation

Tsfble 2a Qperative outcomes after mortality/morbidity D1 D5
reimplantation . T Y
Hospital death 0 0

Remote death 4 1

(Suspected of rhythm death) 2 1

Major morbidity 3 3

(Major bleeding) 3 2

(Right heart failure) 0 1

AVR 4 1

AVR: aortic valve replacement
— 25 —_
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Table 2b NYHA (New York Heart Association  NYHA D1 D5
Classification) ; T 2
I 3—AVR 0
I 0 0
v 1-AVR 1—-AVR
AR grade
3
D1
== D5

1 _/’///hq
p=0.06
"4‘
. A S
./ - N‘C
0 A )
Pre-ope Discharge ly 2y Iy 4y Sy 6y Ty

Fig. 1 Postoperative changes in aortic regurgitation after two different types of aortic reimplanta-
tion procedures

rence of aortic insufficiency after the operation. Though the number of the patients
is small and the follow-up duration is short, the D5 group patients seemed to enjoy
better outcome than the D1 group patients.

Objective

The purpose of this study is to compare the root dimension and characteristics of
the aortic valve motion after two types of reimplantation technique, David-I (the
D1 group) and modified David-V (the D5 group), and find out the protective factors
on the valve durability after valve sparing aortic root replacement.

Patients and Methods

Postoperative follow-up examinations were available in 15 patients of D1 group
and 19 patients of D5 group. Transthoracic echocardiography was performed by
either of two specific cardiologists to evaluate left ventricular dimensions (long axis
view), the grade of aortic regurgitation (AR), left ventricular outlet tract velocity
(4 chamber view) and valve leaflet motions (M mode, Fig. 2) [2].
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b ----------------
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< —

ET

Fig. 2 Valve leaflet motions quoted from [2]

Values are obtained from M-mode of echocardiography. RVOT: Rapid Valve Opening Time,
RVCT: Rapid Valve Closing Time, RVOV: Rapid Valve Opening Velocity, = DI/RVOT RVCV:
Rapid Valve Closing Velocity, = D2/RVCT ET: Ejection time, D1: Maximum valve opening
width, D2: Valve opening width just before rapid closing, SCD: Slowly Closing Displacement, =
(D1-D2)/D1

Results

Data about aortic root dimensions, AR and valve leaflet motions are as shown in
Tables 3a, 3b and 3c.

Discussions

In the D5 group, as we intended to make pseudosinuses, the estimated postoperative
Valsalva sinus diameter was significantly larger than in the D1 group. This differ-
ence in aortic root dimensions didn’t seem to affect global cardiac function or LV
diameters. But, massive regurgitant flow through aortic valve seemed to influence
the aortic valve leaflet motions and to lead to misinterpretation of the data, therefore,
measured values from patients with grade 2 or 3 AR were excluded from the analy-
sis of valve leaflet motions. Valve leaflet motions in the D5 group showed the
equivalent maximal opening width and significantly larger slow closing displace-
ment just before rapid valve closing, compared with the D1 group. This slow valve
closing movement during the systolic phase seemed to contribute protectively to
the better valve durability of the D5 group, and this valve motion is compatible
to the larger vortex flow in significant pseudosinuses achieved in this group.

__2’7_
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Table 3a Transthoracic echocardiography data (Aortic root dimension)

D1 D5 p value
n 15 19 -
Preoperative AVD (mm) 25.6x2.4 25425 NS
Postoperative AVD (mm) 202x1.3 20.3+19 NS
Postoperative Valsalva sinus (mm) 22.8+2.6 29.5+3.3 <0.0001
Postoperative Valsalva / AVD 1.13+£0.08 1.47+0.22 0.0005
LVOT velocity (m/sec) 1.6x0.7 1.3+£04 NS
LVDd (mm) 51.7+4.8 50.6+6.8 NS
LVDs (mm) 32.9+4.6 32.5+5.8 NS
LVEF 0.67+0.06 0.67x0.12 NS

AVD: aortic valve diameter

LVOT: left ventricular outlet tract

LVDd: left ventricular diameter in a diastolic phase
LVDs: left ventricular diameter in a systolic phase
LVEF: left ventricular ejection fraction

Table 3b Transthoracic echocardiography data AR grade D1 D5
(Aortic regurgitation) 0 3 9
1 7 9
2 2 1
3 3 0
4 0 0

Patients with AR=2 were excluded from
the analysis of valve leaflet motions

Table 3¢ Transthoracic DI D5 p value
echocardiography data (Valve 10 T —
leaflet motions)
RVOT (msec) 35.3x16.3 33.8+10.8 NS
RVCT (msec) 45.5+16.0 449183 NS
ET (msec) 339+49 324170 NS
D1 (mm) 20.2+3.3 19.2+3.6 NS
D2 (mm) 18.8+3.1 16.1x3.8 0.03
SCD (%) 6.7+6.6 16.5+£9.2 0.0015
RVOV (cm/sec) 70.6+44.1 61.8+16.2 NS
RVCV (cm/sec) 45.2%14.6 39.6+12.8 NS
Study Limitations

This study has some limitations. First, all of the operations examined here were
performed by a single surgeon, and the operative outcomes might be affected by
significant learning curve in the selection of patients and the surgeon’s surgical
technique. Secondly, the follow-up length is much different between the D1 and the
D5 groups, and the influence of the secular change of valve leaflets on their motion
might not be neglected, especially in the D1 group.

_28_.



K. Nawata et al,

Conclusion

Creation of pseudosinuses in valve-sparing aortic root replacement contributed to
the better valve leaflet motion, durability of the preserved valves and better clinical
outcome.
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One-stage Repair of Total Descending Aorta
for Extended Pathologies

Tetsuro Morota, Shinichi Takamoto, Tetsufumi Yamamoto, Kan N awata,
and Mitsuhiro Kawata

Summary

Objectives: One of the potential solutions for embolic events in aortic surgery is to
perform aggressive replacement for extended pathologies. The aim of this review
was to assess outcomes for aggressive one-stage repair of total descending aorta.

Methods: Consecutive procedures, replacing the descending aorta at least from the
distal arch to diaphragmatic crus, from March 2000 to May 2007 were reviewed.
Our strategy consists of: 1; anterolateral thoracotomy through single 5% intercostal
space with costal arch division, 2; “arch first” under deep hypothermic circula-
tory arrest with retrograde cerebral circulation, 3; open proximal anastomosis,
4; segmental clamping, 5; carbon dioxide insufflation.

Results: There were 36 patients, 28 men and 8 women, with a mean age of 62yr,
ranging 28-77. The type of aneurysm was dissection in 18, true aneurysm in 15,
and combined lesion in 3. Four of them were emergent cases for symptomatic
aneurysms. More extended replacement to the arch vessels was applied in 15 and
to the abdominal vessels in 5. No hospital death, but serious stroke in 2 and delayed
paraparesis in 1 occurred.

Conclusion: One-stage repair of total descending aorta provided excellent early
results, prohibiting embolic events originated in extended pathologies.

Keywords aortic aneurysm - thoracotomy - circulatory arrest . retrograde cerebral
perfusion - paraplegia

T. Morota, S. Takamoto, T. Yamamoto, K. Nawata, and M. Kawata
Department of Cardiothoracic Surgery, The University of Tokyo

T. Morota (()

Department of Cardiothoracic Surgery, The University of Tokyo
Hongo 7-3-1, Bunkyo-ku, Tokyo 113-8655, Japan

e-mail: morotat@hotmail.co.jp

T. Kazui and S. Takamoto (eds.), Advances in Understanding Aortic Diseases,
DOI: 10.1007/978-4-431-99237-0_41, © Springer 2009



T. Morota et al.

Introduction

There has been significant increase in number of patients who undergo thoracic
aortic surgery in the past decade. Among them, one of the most common and
serious perioperative complications is embolic events, such as stroke, renal dys-
function, or mesenteric ischemia, since vast majority of the patients have diffuse,
extended atherosclerosis in the descending thoracic aorta. Clamping the diseased
aorta or leaving atheromatous lesion results in arterial embolism.

A possible solution to avoid embolic events is to perform extensive replacement
of the total descending thoracic aorta, although the surgical invasiveness could be
higher.

Materials and Methods

From March 2000 to May 2007, 36 patients, 28 men and 8 women, with a mean
age of 62yr, ranging 28-79, underwent one-stage repair of total descending aorta
for extended pathologies. The term “one-stage repair of total descending aorta” was
defined as “to replace at least distal arch to Th10 level descending aorta as a single
procedure”. The type of aneurysm was dissection in 18 patients, true aneurysm in
15, and combined lesion in 3. There were 9 patients with shaggy aorta and 1 patient
with porcelain aorta. Four of them were emergent cases for symptomatic aneu-
rysms. The concomitant procedures were described in Table 1.

Surgical Procedure

Anterolateral thoracotomy was carried out through single 5 intercostal space with
costal arch division to obtain an optimal surgical view of the entire descending aorta.
The arch aorta was reconstructed with so called “arch first technique” under deep
hypothermic circulatory arrest and retrograde cerebral circulation [1] to minimize
brain damage. For the purpose of spinal cord protection, “segmental clamping”
was used whenever possible, and the body temperature was kept at moderate hypo-
thermia until reperfusion of the intercostal arteries. During the procedure, carbon
dioxide insufflation into the surgical field was used to reduce air embolisms.

Results

The operation data were demonstrated in Table 2. There was no operative or hos-
pital mortality. Major stroke, with significant new lesion on brain CT, occurred in
2 patients and transient neurological deficit without significant new lesion occurred
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Table 1 Concomitant procedures

Number of cases

CABG 9
Arch replacement 15
Total arch 13
LSA 2
Visceral brances 5
CA 3
CA+SMA 1
CA+SMA+RAs 1
Intercostal arteries 25

CABG, coronary artery bypass grafting; LSA, left subclavian
artery; CA, celiac artery; SMA, superior mesenteric artery,
RAs, renal arteries.

Table 2 Operation data (in minutes)
Mean S.D. Minimum Maximum

Operation time 561 119 320 775
Pump run 299 67 177 408
RCC 51 14 25 83
Lower body CA 53 28 0 113

RCC, retrograde cerebral circulation; CA, circulatory arrest.

Table 3 Early surgical results
Hospital mortality
Morbidity
Major stroke
Transient neurological deficit
Spinal cord injury (delayed parapare
respiratory failure
Renal dysfunction (Cr > 2.0) 1
Liver dysfunction (GOT and/or GPT > 100) 14
Hospitalization (mean + SD) 32 + 9 days

o

—_— O o~ PN

in 4 patients. One patient developed delayed paraparesis on the third postoperative
day. There were no serious respiratory complications except one in a patient who
required tracheotomy for prolonged consciousness disturbance after major stroke.
Renal and liver function were maintained well although nearly one-third of the

patients developed temporary dysfunction that was recovered within a couple of
_32_
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weeks. The early results were summarized in Table 3. After mean follow-up of
49 months, late death occurred in 5 patients; heart failure in 3, aspiration pneu-
monia in 1, rupture of infrarenal abdominal aorta in 1. No patients required
re-thoracotomy so far.

Discussion

One-stage repair of total descending aorta eliminated the risk of atheromatous
embolism. Although 2 patients were complicated with major stroke, all the
patients in this series had extremely high risk for atheromatous embolism in
manipulating the aorta, setting up cardiopulmonary bypass, and clamping the
aorta. It was true that this procedure entailed significant longer time of operation
and pump run, the patients tolerated well. For distal aortic anastomosis, lower
half body circulatory arrest was employed to make open anastomosis in most of
the patients, however, moderate hypothermia protected the visceral organs and
minimized kidney and liver damage. As for visualization of the entire thoracic
aorta, costal arch division gave us very good surgical field (Fig. la, b), from
the ascending aorta to the lower descending aorta, even to the abdominal aorta
when an extensive incision was made to open the retroperitoneal space. In spite
of extended dissection of the aorta, no bleeding tendency was observed and no
re-thoracotomy for bleeding was made.

As a tip in the wide opening of the thorax, we consider that the 4* intercostal
should be cut posteriorly to the rib angle, close to the vertebra, from the thoracic
cavity, without longer skin incision to the back. The latissimus dorsi muscle was
preserved completely, and the serratus muscle was just divided in parallel with the
muscle fibers. Then the respiratory muscles were preserved well and postopera-
tive respiratory function was also maintained. On the other hand, this approach
seemed to be technically difficult in certain patients with obesity, respiratory
dysfunction, or heart dysfunction. And the longer operation time might risk in
elderly patients.

It was speculated that the cause of 2 major strokes in this series was atheroma-
tous embolism due to retrograde perfusion from the femoral artery. The pump per-
fusion line should be placed on the ascending aorta or the axillary artery [2], when
there was serious atheromatous change in the abdominal aorta or iliac arteries.

Conclusion

One-stage repair of total descending aorta would be a justified procedure with
acceptable surgical results in patients with extended aortic pathologies such as
mega-aorta or chronic type B aortic dissection.

_38__
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a

Fig. 1 Surgical view of “one-stage repair of total descending aorta”. (a) The transverse arch to
proximal descending aorta. White arrow: arch vessels. (b) The distal descending aorta. The
anastomosis was made at Th1l level
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Intermittent Pressure Augmented Retrograde
Cerebral Perfusion

Shinichi Takamoto, Kan Nawata, Tetsuro Morota, Kazuo Kitahori,
and Mitsuhiro Kawata

Having an experimental finding that intermittent pressure augmented RCP
(IPA-RCP) significantly reduced postoperative brain damage in a canine model, we
utilize IPA-RCP in clinical settings. IPA-RCP requires intermittent augmentation
of superior vena caval pressure up to 45 mmHg every thirty seconds, while conven-
tional RCP (C-RCP) continuous pressure of 15mmHg. We examined the impact
of IPA-RCP on the outcome of aortic arch surgery. Methods Since January 1999,
we have had seventy-seven operations of total arch replacement via midsternal
incision, excluding cases of emergency, active infection or with any history of cer-
ebrovascular events. We retrospectively compared 45 patients undergoing C-RCP
from January 1999 to April 2002 with 36 patients undergoing IPA-RCP from May
2002 to December 2006. Univariable and multivariable analysis were performed to
examine statistically about the incidence of neurological morbidity, that is, delayed
awakening, stroke and postoperative delirium.

Results (NS: not significant)

C-RCP IPA-RC p value
30 day mortality 2.22% 2.78% NS
Time length needed to awake 7.14/-4.9 3.8+/-2.9 0.013
Postoperative ventilatory support time  61+/-146 33+/-59 NS
Operative dosage of fentanyl 24.0+/-10.7 16.2+/-7.5 0.0009
Operative dosage of morphine 17.3+/-11.7 1.3+/-5.0 <0.0001
Operation time 508+/-221 457+/-146 NS
Cardiopulmonary bypass time 262+/-109 243+/-73 NS
Myocardial ischemia time 143+/-68 145+/-22 NS
RCP time 53+/-20 59+/-16 NS
Stroke 4.4% 2.9% NS
Paraplegia 4.4% 2.9% NS
Postoperative delirium 31.1% 8.3% 0.02
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Clinical outcomes of C group and IPA group were similar in mortality and opera-
tive data. As for postoperative delirium, univariable analysis revealed conventional
RCP group, concomitant CABG, concomitant valve surgery and intraopertive body
weight gain were correlated. Multivariable analysis for delirium showed conven-
tional RCP group and concomitant CABG as risk factors, but not for the dosages
of fentanyl and morphine. In conclusion, Conventional RCP and IPA-RCP dem-
onstrated comparable postoperative outcomes after aortic arch repair via median

sternotomy. IPA-RCP was suggested to contribute to the low frequency of delirium
after aortic arch repair.
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LIZEB L2906 ThY, D, LArL
“HILE" & R B KEIIRIFHEORE S DOREISlater®
RdeSanctis? LIZ L WERME AL EZ LN A,

HABRREFROKEIIRE - KEMRFRES R
A4 LD RERFEROERIZ, K
SHARBENS D L XNVCIRBICHEEL, BIRE
TCE->THIRERFEL MR o 7oIREE] &
SN, HEATKEIIRMEE & 13, o RHT
5 7% L3 HEFs(b L7zrpPIBRIc g2k & L TR
HL, MALCMEAHEE ZRBICHIBEL TH
FERTR LI D) T, BEECImORE L[5
FERRTFEL &, MoK L7 [aREBIZER | (C
FiTbhs.

* Clinical consideration in diagnosis and treatment for IMH and PAU.
** Tetsuro MOROTA, M.D., Ph.D.: BEUA 2 BE 22 AR b IR R B o RSB (89113-8655 BEATER U R X A #67-3-1) ; De-
partment of Cardiothoracic Surgery, The University of Tokyo, Tokyo 113-8655, JAPAN
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Bl1 HAAEEE(A), IMH(B), PAU(C)DESRE 1
A=Y

(iR & 3%

IMH (intramural hematoma) ; &% PRIl fE

IMH& i, KEIRFEMAEC & b L T
WAANERHIIFZO LNV (EELBELD
ICENFEA S N V) IFRRERTRY. KEIREEDvasa
vasorumDWEFEIZ L DAL, MEORINCL HE
RHEBTHLOMRHLH—HT, NEREICEDY
TR KENRGHEANEERBT 2 b DB E S
NTWHEY IMHDEERIZER I VA, &5
HHRE L7 CIL, 19524E(ZBarbonidE L 72
“Intramural aortic hematoma with spontaneous
rupture and hematopericardium” & 8 & 17254
VRAENE ) THD, MAETH < Hifl (hemor-
rhage) t WIAELHAVAZ L L H 5.

HERGIT, EELBIEOTENT -2 Bt
FHVIZL Db b T BEADOEEAT AR
W HMN, vasavasorumDEFED L < (2 IR
PO OMFERFSERN S NER (K 2) &, R

2 REEOTROLEWBREERRIRA

BESEEMMIIIIMH & 207 L 228 S 8B
FEFFRE LR R ZLAEERE S N/ ER (R 3) %
RRT 5.

IMHIZ, BB [THERED L VAE
BRIERE] &) BRRE 2 BT RAEE CRIE T & 245,
WEZWHICEABERROFELHET AL
BHEETH AL, BIEMFEORVI EIREIC
HE I hEPBERROFE ISR T 5 LB
—TFHROME—D P L, Lzd o T, BERH
WIZIMH % [ERE LB CASEATE {, BED
PAZEL iR s L, (BNERAZERIRBINR FR e
EIZIZFEFICID IR T E TR WERED
Na. ME—MEKORFALHED 5L, IMHD
HEZH EO&EER, O=HABOBIELED
HIl, OBELEEOBICKEYRD LN
L, EVIELDTI U INR2EIEHSR
b, 7L, BELEHEICIIERTHINE
T, BB 6 A% ULP (ulcer-like projection ; &K
e, MRAEIAICHYSTBE~DEE R
HB)EFTHLDOEHRNAT DI HEAADT
&, EECTEEMTEIRAEL - CTKHED
RV EEHERTHIENVBULLETH S,
BICERCKREEE T, AMUREEOCTEHICBW T
BN TOWEAIEAT SN TV v iRk A
DY, PMEEREBED S BREA - miR{LD
A DD B b BIENDIEZH T A D BYIRA D A
TOWBETIHIRZ SN T EWIEITTH LS
IZOIMH & BB STV A REMAE V. T 72,
SNEHERBRFORIRMETRICB VT, B
~TARFHPICAERE D 2 LD, FhEdo
TAIA—-VHNERBEORELHET A LIZT
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