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Abstract

OBJECTIVES: This study aimed to report on original aortic valve reconstruction for patients on dialysis.

METHODS: Aortic valve reconstruction has been performed on 404 cases from April 2007 through September 2011. Among them, 54
cases on haemodialysis were retrospectively studied. Forty-seven patients had aortic stenosis, 5 had aortic regurgitation (AR), and 2 had in-
fective endocarditis. Mean age was 70.2 ± 8.5 years. There were 35 males and 19 females. There were 27 primary aortic valve reconstruc-
tions, 11 with CABG, 6 with ascending aortic replacement, 5 with mitral valve repair and 4 with maze. First, in the procedure, harvested
pericardium was treated with 0.6% glutaraldehyde solution. After resecting the cusps, we measured the distance between commissures
with original sizing instrument. Then, the pericardium was trimmed with the original template. Three cusps were sutured to each annulus.

RESULTS: Peak pressure gradient averaged to 66.0 ± 28.2 mmHg preoperatively, and decreased to 23.4 ± 10.7, 13.8 ± 5.5 and
13.3 ± 2.3 mmHg, 1 week, 1 year, and 3 years after the operation, respectively. No calcification was detected with echocardiographic
follow-up. Recurrence of AR was not recorded with the mean follow-up of 847 days except for 1 case reoperated on for infective endocar-
ditis 2.5 years after the operation. Three hospital deaths were recorded due to non-cardiac causes. Other patients were in good condition.
There was no thromboembolic event.

CONCLUSIONS: Medium-term results are excellent. Since warfarin for dialysis patients becomes problematic, a postoperative warfarin-free
status is desirable. Aortic valve reconstruction can provide patients with a better quality of life without warfarin.
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INTRODUCTION

In the past, chronic haemodialysis for end-stage renal disease
(ESRD) was considered a contraindication to major cardiac
surgery. In 1968, Lansing recorded the first successful valve re-
placement in a patient on haemodialysis [1]. The longer the life
expectancy of dialysis patients becomes, the more patients may
likely become candidates for major cardiac surgery [2]. Life ex-
pectancy after the initiation of haemodialysis for ESRD patients
has reached 11 ± 9 years in Japan. Major reasons for death of
patients on dialysis were heart failure, cerebral infarction, cerebral
haemorrhage, gastrointestinal bleeding and infection. For the pre-
vention of these factors, we need better heart valve surgery with
good haemodynamics and a postoperative warfarin-free condi-
tion, and the avoidance of foreign-body implantation as much as
possible. In terms of aortic valve surgery for patients on dialysis,
prosthetic valve selection is still controversial. Although mechanical
prostheses have been preferred before, because of the anxiety

regarding calcification of bioprostheses, the bioprosthesis is be-
coming popular because of the warfarin-related complication of
the mechanical prosthesis [3–6]. However, the haemodynamics
resulting from the bioprosthesis is still clearly inferior compared
with that from the native aortic valve. Moreover, the systemic calci-
fication of dialysis patients is still a serious concern with using a
bioprosthesis. In reality, we have not found the ideal surgical treat-
ment of aortic valve disease in haemodialysis patients yet. To seek
the ideal surgical treatment for aortic valve disease, our original
aortic valve reconstruction using glutaraldehyde-treated autologous
pericardium for dialysis patients was reviewed.

METHODS

Our new original aortic valve reconstruction and the clinical study
of this procedure were approved by the institutional review board
of Toho University Ohashi Medical Center. All patients underwent
this operation after written informed consent had been obtained.
Aortic valve reconstruction using glutaraldehyde-treated au-

tologous pericardium was performed on 404 patients from April
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2007 through September 2011 [7]. Among them, 54 patients had
chronic end-stage renal disease (ESRD) on haemodialysis pre-
operatively. These 54 patients were retrospectively studied to in-
vestigate the adequacy of this new operation for dialysis patients.
Among all 54 patients, 48 showed aortic stenosis (AS) including 1
case due to prosthetic valve endocarditis with preoperative echo-
cardiography. Four patients with AS also showed severe aortic re-
gurgitation (AR). On the contrary, 6 patients showed pure AR
including 1 due to native valve infective endocarditis. Three
patients had congenital bicuspid aortic valves. Preoperative echo-
cardiography revealed that the aortic surgical annular diameter
averaged 20.1 ± 2.4 mm. Peak pressure gradient through the aortic
valve averaged to 66.0 ± 26.2 mmHg. Mean age of the 54 patients
was 70.2 ± 8.5 years (40–83 years old). There were 35 males and 19
females. Patients’ characteristics are summarized in Table 1. There
were 27 isolated aortic valve reconstructions including 1 case of
redo aortic valve surgery for prosthetic valve endocarditis needing
patch plasty of sinus of Valsalva perforation. Concomitant proce-
dures included 11 coronary artery bypass graft (CABG) operations,
6 ascending aortic replacements, 6 mitral valve replacements, 5
mitral valve repairs, 4 maze procedures, 3 tricuspid valve annulo-
plasties, 1 repair of ruptured sinus of Valsalva, and 1 atrial septal
defect closure. Many concomitant procedures have been done in
combination.

The surgical technique of our original aortic valve reconstruc-
tion was previously reported [8]. After the cleansing of redundant
tissue, autologous pericardium with an area of at least 7 × 8 cm

was harvested. Then, it was treated with 0.6% glutaraldehyde so-
lution with a buffer for 10 min. The treated pericardium was
rinsed three times in physiological saline solution.
All aortic valve reconstructive procedures were performed

during cardioplegic arrest on cardiopulmonary bypass.
Diseased cusps were excised meticulously. In case of severe calci-

fication, Cavitron Ultrasonic Surgical Aspirator (CUSA) (SonoSurg,
Olympus, Tokyo, Japan) was very helpful in removing calcium
without damaging the annular tissue. Particularly in patients on
dialysis, there could be the serious obstacle of aortic wall calcifi-
cation. CUSA played a great role in ascending aortic replacement
in the case of a porcelain aorta. In this case, because of the
danger of clamping the ascending aorta, we replaced the
ascending aorta during hypothermic circulatory arrest after
removal of calcium by CUSA.
The reconstructive procedure was started from the measure-

ment of the distance between each commissure with an original
sizing instrument. Correct measurement is important. The new
cusp with the size corresponding to the measured value was
trimmed with an original template from glutaraldehyde-treated
autologous pericardium. Then, the annular margin of the pericar-
dial cusp was sutured continuously with 4–0 monofilament
stitches to each annulus. Commissural coaptation was secured
with additional 4–0 monofilament stitches. The coaptation of
three new cusps was always insured with direct vision under nega-
tive pressure made by a left ventricular vent before closure of the
aortotomy.
Mean cardiopulmonary bypass time and aortic cross-clamp time

with isolated aortic valve reconstruction were 156.5 ± 30.6 min and
113.1 ± 19.0 min, respectively. Operative data are also given in
Table 1.
Echocardiographic evaluation was done 1 week, 1 month, 3

months and every 6 months after surgeries. Data are presented as
mean ± standard deviation. Survival rate and freedom from reo-
peration rate were calculated by the Kaplan–Meier method.

RESULTS

No operation was converted to the conventional aortic valve re-
placement. There were 3 hospital deaths due to non-cardiac
cause consisting of pneumonia, enterocolitis, and thrombotic
thrombocytopenic purpura. Initial postoperative echocardio-
graphic study of these 3 patients showed good cardiac function
with well-working new aortic valves. The mean follow-up period
was 28.2 ± 13.7 months. Survival rates were 84.6% at 30 months
and 79.6% at 50 months (Fig. 1). The numbers of patients left in
the risk group at 30, 40 and 50 months were 21, 9 and 2.

Table 1: Baseline characteristics of all 54 patients

Mean ± standard
deviation or
number (%)

Age (years) 70.2 ± 8.5
Female gender 19 (35.2)
Diagnosis of aortic stenosis 48 (88.9)
Diagnosis of aortic regurgitation 10 (18.5)
Combined disease of stenosis and regurgitation 4 (7.4)
Echocardiographic surgical annular diameter
(mm)

20.1 ± 2.4

Peak pressure gradient through aortic valve
(mmHg)

66.0 ± 26.2

Echocardiographic grade of aortic regurgitation 1.31 ± 1.02
Infective endocarditis 2 (3.7)
Congenital bicuspid aortic valve 3 (5.6)
Isolated aortic valve reconstruction 27 (50.0)
Cardiopulmonary bypass time for isolated
operation (min)

156.5 ± 30.6

Aortic cross-clamp time for isolated operation
(min)

113.1 ± 19.0

Operations with concomitant procedures 27 (50.0)

Detailed concomitant procedures: CABG = 6, CABG +maze + Asc.Ao.
replacement = 1, CABG +MVR = 1, CABG + Asc.Ao. replacement = 1,
CABG +MV repair = 1, CABG +MV repair + TAP + ASD closure = 1, Asc.
Ao. replacement = 4, MVR = 4, MV repair = 3, MVR + TAP = 1, TAP = 1,
maze = 2, Maze + repair of ruptured sinus of Valsalva = 1.
Data are mean ± SD unless otherwise specified.
CABG: coronary artery bypass graft; maze: maze procedure; Asc.Ao.
replacement: graft replacement of ascending aorta including
hemi-arch aortic replacement; MVR: mitral valve replacement; MV
repair: mitral valve repair; TAP: tricuspid valve annuloplasty; ASD
closure: closure of atrial septal defect. Figure 1: Survival curve after aortic valve reconstruction. Survival rate was

79.6% with 58.6 months follow-up.
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Freedom from reoperation rate was 95.2% both at 30 and 50
months. Reoperation was recorded for 1 patient due to infective
endocarditis 30 months after surgery. Recurrence of
more-than-mild AR was not recorded aside from 1 reoperated
patient (Fig. 2). Peak pressure gradient, which had averaged to
66.0 ± 28.2 mmHg preoperatively, decreased to 23.4 ± 10.7,
13.8 ± 5.5 and 13.3 ± 2.3 mmHg 1 week, 1 year and 3 years after
the operation (Fig. 3), respectively. No calcification of pericardial
cusp was detected with echocardiographic follow-up. All surviv-
ing patients were in good condition with New York Heart
Association functional class 1. There was no thromboembolic
event recorded during the follow-up period while patients
received a small dose of daily aspirin. In terms of our original
aortic valve reconstruction, we did not provide anticoagulation
postoperatively. Anticoagulation with warfarin was employed for
patients who had undergone the concomitant procedure includ-
ing CABG, mitral valve replacement, mitral valve repair and
tricuspid valve repair.

DISCUSSION

Cardiac valve operation for dialysis patients is still challenging.
Patients with ESRD requiring heart surgeries have higher risk for
operative mortality and morbidity compared with non-ESRD
patients [9]. The previous report showed that the mortality rate
associated with cardiac valve operation in renal failure patients
was !10–15% [4–6]. In terms of aortic valve replacement in dia-
lysis patients, one report from Japan showed a hospital mortality
of 6.8% and an overall actuarial survival rate at 3 years of 74.6%
[10].

Our current study showed that the in-hospital mortality rate
after original aortic valve reconstruction in dialysis patients was
5.6%. Also, all 3 deaths were due to non-cardiac causes.
Moreover, postoperative haemodynamics was excellent, with up
to 58 months follow-up. Survival rate was 79.6%, and freedom
from reoperation rate was 95.2% with 58.6 months follow-up.
This result has also been compared with our own data on aortic
prosthetic valve replacement cases. From January 2004 through
March 2010, 78 conventional aortic valve replacements with
prosthetic valves have been performed at our institution. Among
them, 13 patients were on dialysis preoperatively. The data on
54 patients in the current study were compared with those of 13
patients on dialysis with prosthetic valve replacement. Age and
gender were well matched between the two groups. Survival
rate and freedom from reoperation rate did not show significant
difference between the two groups. Postoperative haemodynam-
ics was significantly better in the aortic valve reconstruction
group than in the conventional prosthetic replacement group
(Fig. 4). The short-term and medium-term results of aortic valve
reconstruction with glutaraldehyde-treated autologous pericar-
dium were excellent, and this procedure seemed to be feasible
as a surgical treatment for aortic valve disease in dialysis
patients.
The remaining issue could be the durability of this recons-

truction. Some surgeons might question the durability of
glutaraldehyde-treated autologous pericardium itself. However,
human autologous pericardium has been used in many aspects

Figure 2: Postoperative follow-up of aortic regurgitation (AR) with echocar-
diographic evaluation (echocardiographic evaluation at 1 week, 1 month, 3
months, and every 6 months after surgeries).

Figure 3: Postoperative follow-up of peak pressure gradient through newly
created aortic valve with echocardiographic evaluation (echocardiographic
evaluation at 1 week, 1 month, 3 months, and every 6 months after
surgeries).

Figure 4: Comparison of postoperative haemodynamics between aortic valve
reconstruction and prosthetic valve replacement. Group A: 54 patients oper-
ated by means of original aortic valve reconstruction, Group B: 13 patients
operated by means of conventional aortic valve replacements including both
bioprosthesis and mechanical prosthesis. (A) Comparison of postoperative
peak pressure gradient of aortic valve. (B) Comparison of postoperative aortic
regurgitation (AR).
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of cardiac surgery. Human pericardium has been used for patch
repair or right ventricular outflow tract reconstruction in con-
genital heart disease. It has also been used for leaflet extension
in mitral valve repair. Chauvaud et al. [11] reported valve exten-
sion with glutaraldehyde-preserved autologous pericardium in
mitral valve repair. In their series, they found no calcification of
autologous pericardium in 64 cases with 6 months to 9 years
follow-up. In terms of aortic valve reconstruction or repair, the
usage of fresh autologous pericardium has been reported in
1963 [12]. The rather negative findings of early reports, basically
due to thickening and retraction, resulted in discarding fresh au-
tologous pericardium from the valve armamentarium. On the
contrary, we found that tensile strength of glutaraldehyde-treated
human pericardium was four times higher than native aortic valve
leaflets [13]. Glutaraldehyde-treated autologous pericardium has
been used for the aortic valve by Al Halees et al. [14] in their
report of up to 16 years follow-up of aortic valve reconstruction
with pericardium. They found that aortic valve reconstruction was
feasible with good haemodynamics, low mortality and thrombo-
embolic rate. Moreover, its behaviour at 10 years was comparable
to that of stentless aortic valve bioprosthesis. Chan et al. [15]
reported truly stentless autologous pericardial aortic valve replace-
ment. Their freedom from structural valve deterioration was 100%
with a mean follow-up period of 6.5 years. In our current series,
haemodynamics was well kept with less-than-mild regurgitation
with up to 58 months follow-up. Moreover, no structural valve de-
terioration was noticed.

In the haemodialysis patients, renal failure itself is one of the
known comorbidities associated with rapid progression of AS.
Mao et al. [16] reported a case suggesting that circulating circum-
stance in ESRD and dialysis could accelerate the progression of
prosthetic aortic valve stenosis. Moreover patients on dialysis
tended to have ectopic calcification due to hyperphosphatemia
from insufficient excretion of phosphorus. Calcification has always
been considered as one of the important factors accelerating AS
in dialysis patients. On the other hand, warfarin-induced calcifica-
tion was clearly mentioned in the 2011 Clinical Guidelines for the
Evaluation and the Treatment of Cardiovascular Complications in
Haemodialysis Patients by the Japanese Society for Dialysis
Therapy. Warfarin induces calcification by inhibiting gamma-
carboxylation of the matrix Gla protein (MGP) and thereby inacti-
vating the putative calcification-inhibitory activity of the protein
[17]. Some authors reported that warfarin might be associated
with severity of aortic valve calcification in dialysis patients [18,
19]. After our original aortic valve reconstruction, patients did not
need warfarin at all from the very beginning of the postoperative
course. In the current series, patients did not basically need war-
farin postoperatively, and no calcification was detected with the
follow-up echocardiography.

To consider an ideal aortic valve surgery for dialysis patients,
we need better heart valve surgery with good haemodynamics
to prevent heart failure and a postoperative warfarin-free condi-
tion to prevent bleeding or thromboembolic complications, and
to avoid foreign body implantation to keep the risk of infection
as low as possible. Our original aortic valve reconstruction using
glutaraldehyde-treated autologous pericardium had good post-
operative haemodynamics, a postoperative warfarin-free status,
and no foreign body situation. This warfarin-free status could
also prevent warfarin-induced calcification. Hence, this proced-
ure has the possibility of being the treatment of choice for aortic
valve disease in dialysis patients.

LIMITATION

This study was an uncontrolled retrospective study with a limited
number of patients and limited period of follow-up. To investi-
gate the durability of this operation, longer follow-up studies
should be conducted continuously.

CONCLUSIONS

Medium-term results were excellent. Aortic valve reconstruction
with glutaraldehyde-treated autologous pericardium could give
better quality of life for dialysis patients without warfarin. This
operation seemed to be feasible as the surgical treatment for
aortic valve disease for dialysis patients. Longer-term follow-up
results will be disclosed in the future.
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APPENDIX. CONFERENCE DISCUSSION

Dr H. Schäfers (Hamburg/Saar, Germany): One could discuss controversially
whether the topic of simply replacing all cusps with autologous pericardium
is really aortic valve reconstruction or whether it is not more similar to stent-
less autologous valve replacement. One needs to keep in mind that the tech-
nique is still relatively young, at least in your group, so conclusions need to
be drawn carefully. If I remember correctly, you started your activities roughly
five years ago, so at this point in time, five-year data are probably of limited
value, and we should rather focus on things like two-year freedom from rela-
tive complications.

I have two questions specific to your paper. Number one, you mentioned
in the overall experience that you had a relevant proportion, roughly 25% to
30% of patients, with aortic regurgitation. I assume that there was a large pro-
portion of patients with deformed but otherwise pliable cusps. How do you
deal with that scenario? Do you cut out normal cusp tissue that is simply
deformed and replace it with pericardium? And if so, what is the reason?

Second, you pointed out very well the paper by Al Halees and colleagues
that showed that the difference between autologous and bovine pericardium
over 15 years was actually non-existent, even though different conclusions
were drawn from these curves. What is your opinion, does it have to be

autologous or would not a simple heterologous pericardial stentless valve re-
placement do the same?
Dr Kawase: First of all, if there are pliable cusps in the aortic valve, what

should we do? In our centre, we are doing this type of reconstruction by the
technique of replacement of the three cusps. The bottom line, the basis of
the thinking, is different from the usual aortic valve plasty. There are two
major points related to our technique. We are measuring the distance
between commissures, not the diameter of the annulus. And the second
point is that we are independently replacing the three cusps; it’s not one
piece of material for the aortic valve. I’m not sure whether it should be called
reconstruction or replacement, but I think the rationale is different for those
two techniques. At some point in the future we can give corroboration, but
since it is a different concept, I think it’s natural to do our procedure for all
the patients, even where there is one cusp that can be preserved.
Dr J. Scott Rankin (Nashville, TN, USA): I’d like to comment on the Al

Halees study. Even though the freedom from reoperation was the same with
those two tissues, the autologous pericardial patients primarily were reoper-
ated on for annular dilatation, and the autologous pericardium, over the long
term, remained pliable, supple and did not calcify. But annular stabilization
was a problem and the patients dilated 15 years out and had to be reoper-
ated on for aortic incompetence. In contrast, the bovine pericardial cusps all
calcified and the patients experienced terrible inflammatory calcification of
the root which was difficult to reoperate on.
So that leads to this paper, and what I believe is a great idea, because if

there is one difficult group in valve surgery, it’s the dialysis patients. Tissue
valves calcify, the patients don’t tolerate anticoagulation with mechanical
valves, and your approach potentially is a solution, again given more long-
term data and follow-up. But the idea is good.
Dr M. Nosal (Bratislava, Slovakia): From published data and even from our

own experience, we found that the pericardial extensions are quite prone to
infective endocarditis; from the published data, the incidence goes up to 5%
of patients. I saw you had only one patient with infective endocarditis coming
back, and I wanted to ask you if you use a specific antibiotic prophylaxis
protocol in this difficult group of patients?
Dr Kawase: We don’t use a specific technique for the prevention of future

infection. And I’m not sure of the reason why, even for the 404-case series,
we have only two patients with infective endocarditis afterwards. We should
look at that in the future.
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