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GLUTARALDEHYDE-TREATED AUTOLOGOUS
PERICARDIUM IN AORTIC VALVE RECONSTRUCTION:

AN OPTIMAL MATERIAL FOR INNOVATION TECHNIQUES.
REVIEW OF THE LITERATURE

Introduction. Reconstructive operations on the aortic valve (AV) offer several advantages over standard AV re-
placement with mechanical or biological prostheses. This approach has allowed patients to avoid the adverse ef-
Jects of long-term antithrombotic therapy. Furthermore, it has preserved the natural mobility of the left ventricu-
lar outflow tract, resulting in improved hemodynamics across the valve. Materials for reconstruction are often
readily available, making the method economically attractive.

Problem Statement. Autologous pericardium is the most commonly used material in AV reconstruction. Glu-
taraldehyde treatment of autologous pericardium (GTAP) has provided tissue with enhanced mechanical proper-
ties and reduced thrombogenicity. However, the long-term degeneration of biological tissues used in AV surgery
has remained a concern despite glutaraldehyde treatment.

Purpose. This study has aimed to evaluate the current status and future prospects for the use of GTAP in re-
constructive AV surgery.

Materials and Methods. A literature search has been conducted using PubMed, Web of Science, and the
Google search engine. All studies on GA-fixed pericardial tissue published up to March 2023 have been identified.
A total of 165 articles have been initially retrieved, of which 20 relevant studies are included in this review.
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Results. GTAP has demonstrated excellent elasticity and surgical handling characteristics. It has enabled complex AV reconst -
ructions with sustained immediate transvaloular hemodynamics. Degeneration and calcification rates of GTAP have been com-

parable to those observed in existing biological prostheses.

Conclusions. GTAP offers significant potential for advancing techniques in aortic valve pathology correction. It is cost-effec-
tive, readily available, and facilitates effective valve reconstruction. However, aggressive prophylaxis for infective endocarditis
remains mandatory in the postoperative period. Further multicenter studies with larger cohorts are essential to better delineate the

long-term prospects and limitations of GTAP in AV surgery.

Keywords: glutaraldehyde, biological valves, pericardium, aortic valve neocuspidization.

Autologous pericardium (AP) has played an im-
portant role in the reconstructive surgery of con-
genital and acquired heart malformations. Initial
experience with using fresh autologous pericar-
dium in the surgical management of aortic valve
(AV) pathology has been suboptimal due to early
tissue degeneration. In 1961, Love and colleagues
introduced glutaraldehyde (GA)-treated autolo-
gous pericardium (GTAP) into clinical practice.
GA treatment has resulted in a more stretched
and compact orientation of collagen and elastic
fibers in the pericardium, increasing its mechani-
cal strength and elasticity [1].

The rate of GTAP degeneration has been sig-
nificantly slower compared to fresh AP. This imp-
rovement has considerably reduced the number of
complications and enhanced surgical outcomes [2].

However, GA treatment has not resolved all is-
sues associated with the long-term degeneration of
biological tissues used in heart valve surgery. This
study evaluates the current status of GA treatment
and future directions for preparing autologous
pericardium to reconstruct the aortic valve (AV).

A literature search has been conducted using
PubMed, Web of Science, and the Google search
engine. The medical terms “Glutaraldehyde,” “bio-
logical valves,” “pericardium,” and “aortic valve
neocuspidization” have been used. All studies
of GA-fixed pericardial tissue published up to
March 2023 have been identified. So far, 165 ar-
ticles have been identified in the initial literature
search, and 20 relevant papers have been includ-
ed in this review.

The use of human AP for AV reconstruction da-
tes back to the late 1950s. However, these initial
attempts have generally been unsatisfactory due
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to tissue thickening and shrinkage. Consequent-
ly, this has led to structural and functional degra-
dation of the valve, necessitating reoperation [3].

To address the problem of tissue retraction, Lo-
ve and colleagues proposed a solution in 1961, sug-
gesting the immersion of AP in a 0.6% GA solution.
Glutaraldehyde is an aldehyde organic compound
with a particular affinity for proteins and reacts
specifically with amine, amide, and thiol groups.
GA treatment serves several purposes, such as re-
ducing biodegradation, preserving anatomical in-
tegrity, enhancing the strength and durability of
collagen fibers, rendering the tissue biocompatib-
le, and preventing thrombosis. Tissues treated
with GA retain most of the viscoelastic proper-
ties of the collagen fibrillar network [3].

The clinical outcomes of this method have been
significantly better than those of fresh autologous
pericardium, owing to the lower number of comp-
lications associated with tissue degeneration and
retraction. Since then, GA has been widely app-
lied in producing commercial biological valves [4].

GTAP has demonstrated excellent mechanical
properties. Ozaki et al. conducted a study compa-
ring the tensile strength of GTAP with that of na-
tural aortic valve leaflets to evaluate its suitability
for aortic valve reconstruction. The findings re-
vealed that the ultimate tensile strength of GTAP,
non-calcified leaflets, calcified leaflets, and decal-
cified leaflets was 10, 2.8, 1.0, and 0.8 MPa, res-
pectively. Remarkably, GTAP exhibited a tensile
strength four times higher than that of non-calci-
fied leaflets, underscoring its suitability for aortic
valve reconstruction [5].

In contrast to fresh aortic pericardium, GTAP
has displayed greater density and compactness,
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Fig. 1. Histomorphology of the human pericardial specimens stained with Masson’s trichrome Magnification x 200 (Own
observation): a — Fresh human pericardium; » — Human pericardium, treated with 0.6% Glutaraldehyde

with reduced spacing between collagen bundles.
Additionally, the collagen and elastic fibers have
shifted from their typical wavy orientation to a
more stretched configuration (Fig. 1, a, b). From
amechanical perspective, this elongation may ex-
plain the increased tensile strength of GTAP com-
pared to native aortic valve leaflets [5].

In the morphological examination of pericardial
specimens, it can be observed that the main chan-
ges after treating the pericardium with glutaral-
dehyde solution are localized in the fibrous layer
with collagen fibers of various orientations. Mas-
son’s trichrome staining method was utilized to
assess the collagen fiber condition qualitatively.

Collagen fibers within the fibrous layer of
the pericardium after glutaraldehyde treatment
(Fig. 1, b), in contrast to the untreated pericardium
(Fig. 1, a), become more compact with a reduced
distance between them. They lose their waviness
and become straightened and thicker. Throughout
all investigated parts of the material, collagen fi-
bers adhere closely to each other, forming a ho-
mogeneous bundle (they become interwoven).
An increase in the thickness of collagen bundles
is noted. The orientation of collagen fiber bundles
after glutaraldehyde treatment becomes more pa-
rallel, while in the untreated sample, collagen fi-
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ber bundles are considerably more diverse in their
orientation.

Despite its impact on pericardium structure and
cell vitality, residual GA has not exhibited cyto-
toxicity toward fibroblasts. Furthermore, it has
supported endothelial cell repopulation in vitro
without any significant variations in the secretion
of specific inflammatory mediators compared to a
commercial bovine pericardial membrane. These
findings have demonstrated that GA treatment,
while altering pericardial organization and causing
cell devitalization, has fostered a non-cytotoxic
environment conducive to endothelialization [6].

Several advanced techniques have been pro-
posed for reconstructing the AV using AP tissue.

Duran et al. have reported one of the most sub-
stantial experiences with total AV reconstruction
using GTAP. They evaluated 92 patients divided
into two groups: Group I included 27 patients
who underwent AV reconstruction with bovine
pericardium, while Group II consisted of 65 pa-
tients whose AV was reconstructed using GTAP.
The average age of the cohort was 30 years, with
a mean follow-up duration of 10.5 + 4 years, ran-
ging from 9 to 16 years.

For the entire cohort, freedom from reopera-
tion rates were 68 + 5% at ten years and 47 + 6%
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at 16 years. In Group I, these rates were 68 + 9% at
ten years and 48 + 10% at 16 years, while Group II
demonstrated rates of 72 £ 6% at ten years and
45 + 8% at 15 years.

Excluding reoperations due to Infective Endo-
carditis (1 in GroupI and 7 in Group IT) and
“other” reasons, the freedom from Structural Val-
ve Deterioration (SVD) at 10 and 16 years was
78 + 1% and 55 + 10% for Group I, and 80 £ 5% at
10 years and 58 = 9% at 15 years for Group II. The
mean interval to valve degeneration was 8.8 years
(£ 3.6 years) [7—9].

The authors have concluded that AV reconst-
ruction with GTAP can be safely performed with
excellent long-term results. However, in patients
with GTAP, aggressive prophylaxis of IE has been
deemed essential.

Chan et al. have presented long-term results of
AV reconstruction with GTAP using the Duran
technique. Their study followed 11 patients for a
mean duration of 6.5 years (range: 5.3—7.7 years).
At the final observation, the authors reported free-
dom from SVD (100%), thromboembolism (100%),
IE (72.7%), calcification (100%), and reopera-
tion (63.6%) [10].

The authors have suggested that the low im-
munogenicity of GTAP has contributed to slow
degeneration and excellent hemodynamic perfor-
mance of the reconstructed AV in the mid-term.

Urbanski et al. have assessed clinical and echo-
cardiographic outcomes following AV reconstruc-
tion using their surgical technique, which invol-
ved enlarging the basal cusp with an autologous
pericardial patch. Their study included 106 con-
secutive patients who underwent elective valve-
sparing aortic root repair between December 2005
and June 2008. Among these, 59 patients required
additional procedures on the aortic cusps, and
basal cusp enlargement with GTAP was employed
in 10 cases to restore the coaptation area [11].

All patients successfully underwent surgery
and were discharged from the hospital after an
average postoperative stay of 10 days. Echocar-
diography performed at discharge indicated that
7 patients had no AI, while 3 had only trivial Al
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The average coaptation height of the leaflets was
measured at 9.9 + 0.6 mm, and the mean gradient
across the valve was 5.4 + 1.9 mm Hg.

Follow-up was completed for all patients, span-
ning an average of 17 = 10 months, with a range
from 3 to 32 months. No events related to the val-
ve were observed during this period. Additionally,
all patients remained alive and were classified as
New York Heart Association (NYHA) functional
class I. The echocardiographic findings remained
consistent and unchanged in all cases. Regardless
of the specific technique employed for aortic root
repair or the number of sinuses replaced, the me-
thod described consistently led to a significant
improvement in the coaptation surface of the leaf-
lets and produced excellent early and midterm
functional outcomes [11].

The method allowed for a customized reconst-
ruction of the aortic cusps, substantially enhan-
cing the coaptation area. This approach is parti-
cularly beneficial for patients with aortic leaflet
prolapse or constriction due to intricate aortic
root and valve conditions.

Rankin et al. developed a method to calculate
the form and size of the GTAP patch to reconstruct
AV leaflets. Their research on aortic valve geomet-
ry suggests that the design of the leaflets should
adopt a significantly more comprehensive approach
than previously employed. For bicuspid valves,
the recommended free-edge length is 2.25 times
the annular diameter, whereas for tri-leaflet valves,
it is 1.5 times the annular diameter. Accordingly,
the total free-edge length of the leaflets should
equal 1.5 times the valve’s circumference. They
published an analysis of 2 patients whose AVs were
reconstructed with this technique. The authors
concluded that TEE and TTE revealed optimal
leaflet mobility without residual insufficiency. Fol-
low-up for these patients lasted two years, with
TEE demonstrating excellent results [12—13].

These data have shown that GTAP is an excel-
lent material in terms of elasticity, enabling comp-
lex reconstruction of the AV structures.

The most significant experience with the use of
GTAP for AV reconstruction was published by
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Ozaki et al. In 2018, Ozaki et al. reported a study
that included 850 consecutive patients who under-
went AV reconstruction with GTAP utilizing the
original Aortic Valve Neocuspidization (AVNeo)
technique (Fig. 2). The median age was 71 (ran-
ge 13—90), and the mean follow-up interval was
53.7 = 28.2 months. In-hospital mortality occurred
in 16 patients. The average peak pressure gradi-
ent on the aortic valve 8 years after the operation
was 15.2 = 6.3 mm Hg. Actuarial absence of death
was 85.9%, cumulative cases of reoperation were
4.2%, and moderate or greater recurrent aortic
regurgitation occurred in 7.3% of cases [14—15].

Krane et al. conducted a meta-analysis compa-
ring aortic valve replacement (AVR) using GTAP
to biological valve replacement. This analysis in-
volved 103 patients who underwent the AVNeo
operation. The mean follow-up duration was
426 £ 270 days. Among the patients, 80 (77.7%)
had been diagnosed with aortic stenosis, while 23
(22.3%) had aortic regurgitation. The mean age of
the patients was 54.0 = 16.4 years, with an age ran-
ge spanning from 13.8 to 78.5 years. Postoperative
follow-up data were available for 93.8% of the pa-
tients, and these records did not reveal any signi-
ficant changes in hemodynamic parameters when
compared to the measurements taken at the time
of discharge. When comparing the AVNeo proce-
dure to the virtually implanted Trifecta Biopros-
thesis, it was observed that AVNeo had a notably
lower mean pressure gradient (8.5 = 3.7 mm Hg
vs. 10.2 £ 2.0 mm Hg, P < 0.001) and a higher mean
effective orifice area (2.2 0.7 cm? vs. 2.1 £ 0.4 cm?,
P=0.037) [16].

Benedetto and colleagues reported clinical and
echocardiographic outcomes of 55 patients (mean
age 58 = 15 years) undergoing AVNeo with auto-
logous pericardium in 2 UK centres from 2018 to
2020. These results were included in a meta-ana-
lytic comparison between series on AVNeo versus
Trifecta, Magna Ease, Freedom Solo, Freestyle,
Mitroflow, and autograft aortic valve [17].

A meta-analysis found no significant differences
between AVNeo and most biological valves, ex-
cept for Magna Ease, regarding structural valve
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Fig. 2. AVNeo leaflets with GTAP (own observation)

deterioration, reintervention, and endocarditis.
Based on available literature data, this analysis
demonstrates that AVNeo using GTAP is a safe
approach with excellent hemodynamic performan-
ce. Its midterm risk of valve-related events is si-
milar to most biological valve replacements [17].

Unai et al. reported the results of an assessment
of the Ozaki procedure, comparing its hemody-
namic performance and durability to stented bio-
prosthetic valves. They divided all patients into
two groups: Group 1 consisted of patients who had
undergone the Ozaki procedure (776 patients), and
Group 2 included patients who received stented bo-
vine pericardial valves (627 patients). Among the
matched patients, it was observed that the Ozaki
group had a higher occurrence of aortic regurgi-
tation (AR) compared to the PERIMOUNT group
(severe AR at 1 and 6 years: 0.58% and 3.6% for
Ozaki vs. 0.45% and 1.0% for PERIMOUNT, re-
spectively; P[trend] = 0.006). However, this was
associated with a steep learning curve. Converse-
ly, the peak gradient showed the opposite trend,
with values of 14 and 17 mm Hg for Ozaki and
24 and 28 mm Hg for PERIMOUNT at these ti-
me points (P[trend] < 0.001). Freedom from re-
replacement was similar between the two groups
(P=0.491). The survival rate of the Ozaki cohort
reached 85% at 6 years. Although patients who un-
derwent the Ozaki procedure had lower gradients,
they also experienced more recurrent aortic regur-
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gitation (AR) than those receiving PERIMOUNT
bioprostheses. Despite concerns about recurrent
AR, the results affirm a low risk and good midterm
performance of the Ozaki procedure, supporting
its continued use [18].

Todurov et al. demonstrated that Ozaki con-
cept may used for pulmonary valve reconstruc-
tion with the GTAP and excellent hemodynamic
results up to the mid-term results [ 19—20].

GA treatment of autopericardium allows ob-
taining the tissue with better mechanical pro-
perties and low thrombogenicity. GTAP de-
monstrates excellent characteristics in terms of
elasticity and surgical handling. It permits per-

forming complex AV reconstructions with excel-
lent immediate transvalvular hemodynamics pre-
served to the long term. GTAP degeneration and
calcification rates are similar to most existing bio-
logical prostheses.

The material is cheap and readily available.
Aggressive prophylaxis of Infective Endocarditis
is mandatory in the postoperative period.

GTAP opens prospects for implement novel
techniques in correcting Aortic Valve pathology.
Nevertheless, new multicentre studies with more
observations are mandatory to evaluate better
perspectives and limits of the use of the GTAP in
AV surgery.
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B PEKOHCTPYKIIIT AOPTAJIbHOTO KJIATTAHA: OTITUMAJIbHUT MATEPIAJI
JUTA THHOBAIIMTHUX METO/IUK. OTJISJI IITEPATYPU

Beryn. PexoncrpykTusHi onepaitii Ha aopraibaomy kinanani (AK) MaioTs HU3KY repeBar repe;; CTaHapTHOTO 3aMiHOIO 0TO
Ha MexaHiuHui abo Giosoriuauii pores. Lleil MeToa 103BOJISIE YHUKHYTH HEraTUBHIX HACJIIKIB TPUBAIO] aHTUTPOMOOTHY-
HOI Tepartii. 36epiraeTbes IPUPOAHA PYXJIUBICTh BUXIZIHOTO TPAKTY JiBOTO HIJIYHOUKA, 1110 3a0e31edye Kpally TeMOANHAMIKY
yepes Kianad. MaTepiaiu it PEKOHCTPYKIIT I0CTYIIHI,  METO/| € EKOHOMIUHO [IPUBAGJIMBUM.

IIpoGaemaTuka. Ayronepukap/ € HailbiIbll YacTo BUKOPUCTOBYBaHUM Matepiasom 1pu AK-pekonctpykiii. O6pobka
ayrornepukapaa riorapaibiaeriiom (I'TAIT) nosBosisie oTpumarn TKaHWHY 3 KpallMMU MEXaHIYHMMMU BJIACTUBOCTAMM Ta
HU3bKOI0 TpomborenticTio. Onrak gikyBanus roTapaibaerizom (TA) He BUPIINIO BCix mpobJeM, OB’ I3aHNX i3 JTOBro-
CTPOKOBOIO JIETEHEPAITI€I0 GIOMOTTUHNX TKAaHUH, SIKi BHKOPUCTOBYIOThCs B Xipyprii AK.

Mera. O1iHIOBaHHSI IOTOYHOTO CTaHy Ta MailOyTHiX repcrekTus Bukopuctants [TAIL y pexoncrpykitiiiniii xipyprii AK.

Marepiamm i meroau. [Touiyk JiTepaTypu NpoBOAMBCS 3a A0IOMOrow 0a3 nanux PubMed i Web of Science, nouykosoi
cucremu Google. Yei pocitijiskeHHst nepukapiaabHol TKaHuHu, (ikcosanoi ['A, Oy/iu BU3HAYEHI 3 iICHYIOUOI JliTEpaTypH 10
6epesns 2023 poky. 3 BusBieHux 165 crarteii 20 BiAMOBiAHUX GYJI0 3aMyIE€HO 0 I[BOTO OTJISILY.

Pesyabratu. I'TAII neMoHCTpYy€E 4yI0Bi XapaKTEPUCTUKHU 3 TOYKH 30Dy €aCTHYHOCTI Ta Xipypriuroi o6pobku. Lle 103B0-
JISi€ BUKOHYBaTH CKJIaAHi AK-pekoHCeTpyKIil 3 BIAMIHHOIO HeraiiHOO TPaHCKJIAIIAHHOIO TeMOIMHAMIKOIO, 1110 30epiracThest Ha
rpuBaauii repmin. [IBuakicts aerenepaii ta kanbiuudikanii [TAIT noxiGHa 10 Ginbiocti icHy0YrX 6i0J0TIYHUX TPOTESIB.

Bucnosku. I'TAII BiKprBa€ NepcreKTUBY BIPOBA/IKEHHS HOBUX METOAMK KOPEKINi MaToJIOTil a0pTaJbHOTO KJaraHa.
AnasizoBanuii MaTepias gemeBuii i focTynHuii. Y micjsionepariiinomy tepiogi 060B's13k0Ba akTuBHA npodiaakTuka indek-
1iitHoro enokapauTy. IIpoTe HOBI GaraTOIEHTPOBI AOCTIZKEHHS 3 G1IBIIOI0 KIIBKICTIO CIIOCTEPEKEHD € 000B I3KOBUMU /IS
OIIHKM Kpalux nepernekTs i ooMeskerb Bukoprctanis I'TAII 8 AK xipyprii.

Kmouosi crosa: rmoraposuii ajbjeri, 610J10TiuHI KIanaHu, epukapil, HEOKYCITIU3allist a0PTaIbHOTO KJalaHa.
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