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Abstract

Objectives The frozen elephant trunk (FET) technique is effective for treating extended aortic
arch aneurysms. This study compares hand-made and factory-made devices in this context.
Methods A retrospective case-control study was conducted on 68 patients who underwent FET
for distal aortic arch aneurysm at our institution. We used two different types of devices: hand-
made stent graft in group Z (17 cases, 25.0%) and a commercialized stent graft in group ] (51
cases, 75.0%). The study compared demographic characteristics and the outcomes between the
two groups.

Results In-hospital mortality was equivalent in both groups (5.9%). Spinal cord injury rates were
5.9% in group Z and 3.9% in group J. Group Z had a higher rate of aortic events (55.9% vs 96.9%, p
<0.001) and more frequent stent migration. The number of cases with aneurysm diameter shrink-
age was lower in group Z. The landing zone angle at insertion influenced aneurysm changes, being
17.6 degrees in shrink cases and 26.7 degrees in unchanged or enlarged cases (p =0.045).
Conclusions FROZENIX device notably reduced incidences of postoperative complications com-
pared to hand-made prostheses. Factors such as insertion angle and stent size, rather than changes
in the landing zone angle, appeared to influence aneurysm shrinkage. The use of FROZENIX in
TARFET procedures has shown benefits in reducing complications and improving long-term prog-
nosis, taking into account the landing zone angle.
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Introduction

Distal aortic arch aneurysms present significant surgical challenges, often requiring
complex repair strategies and limited access via median sternotomy.' The frozen elephant
trunk (FET) technique, introduced by Kato et al. in 19967 and further developed by Karck
et al.,® represents a pivotal advancement in treating these aneurysms. It simplifies the
placement of stent grafts in the distal aortic arch and enables treatment of extensive
aortic diseases in a single operation. While the FET, particularly the Total Arch
Replacement using FET (TARFET), has shown promise in treating aortic dissection, its
effectiveness in distal aortic arch aneurysms, especially in terms of long-term outcomes,
remains under-explored. Japan has reported increasing use of TARFET in distal aortic
arch diseases, demonstrating notable success.® Prior to commercial device availability,
our institution was instrumental in employing hand-made stent grafts for TARFET. The
focus on Japan stems from its innovative cardiovascular techniques and high volume of
TARFET procedures. This study aims to evaluate TARFET outcomes in distal aortic
arch aneurysms, comparing the efficacy of commercial stent grafts with hand-made pros-
theses, focusing on both early and long-term results.

Patients and methods
Patients and study design

The present study was conducted as a retrospective observational single-center case
control investigation. From January 2009 to June 2023, Anjo Kosei Hospital (Aichi,
Japan) performed 288 total arch replacements (TARs), including 150 (52.1%) for true
aneurysms and 138 (47.9%) for dissections and other cases. This study included 70 con-
secutive TARFET procedures for true extended aortic arch aneurysms. Two cases involv-
ing two-stage thoracic endovascular aortic repair (TEVAR) were excluded. The study
encompassed patients with degenerative aortic aneurysms extending from the aortic
arch to the proximal descending aorta, including two ruptured aneurysms. We defined
a distal aortic arch aneurysm as an aneurysm situated at the aortic arch and extending
from the root of the left subclavian artery (SCA) to the descending thoracic aorta. The
conventional TAR procedure was considered the primary choice for degenerative
distal arch aneurysm repair. If the distance from the left SCA bifurcation to the proximal
end of the aneurysm was adequate and the aortic morphology suitable for TEVAR, endo-
vascular treatment was selected. For patients under 70 years, aggressive open surgery was
considered the primary treatment, barring any contraindications. FET procedure criteria
included age over 80 years, challenging distal anastomosis with aneurysms, and a favor-
able landing zone for FET in the descending aorta. A two-stage operation consisting of
TEVAR following TAR with FET was performed for two patients. If the FET distal
landing to cover the entire distal aortic arch aneurysm was below the Th9 level, a
two-staged surgery followed by either descending aorta replacement or secondary
TEVAR was preferred. After excluding two cases, 68 cases were enrolled in this retro-
spective study. Patients with hand-made stent grafts (Gianturco Z stent, Cook, USA)
were included in group Z (17 patients, 25.0%), and those with commercialized stent
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grafts, J Graft FROZENIX (formerly J graft Open Stent Graft, Japan Lifeline Co., Tokyo,
Japan), were included in group J (51 patients, 75.0%). We retrospectively compared the
surgical outcomes of these two groups to establish the effectiveness and safety of the
commercialized stent graft.

Stent grafts

Two different types of devices were used in this study. When TARFET was initiated in
2009, there were no approved devices for FET in Japan. Consequently, in the early
years, hand-made stent grafts were fabricated. These consisted of a Gianturco Z stent,
either 30 or 40 mm in diameter and 50 mm in length, inserted into the distal end of a
22-30 mm diameter Dacron graft. The stent was then sutured inside the graft. The
Japan-made commercialized FET prosthesis, J Graft FROZENIX (Japan Lifeline,
Tokyo), was first launched in 2014.** Since its introduction, the TARFET using a
4-branched graft for TAR and the FROZENIX prosthesis for the FET has replaced hand-
made stent grafts as the primary treatment for distal aortic arch aneurysms at our insti-
tute (Figure 1).

Regarding the sizing of stent grafts, the optimal size was determined based on pre-
operative CT scans. Measurements were taken between the planned distal anastomosis
of the tetrafurcated tube graft for TAR and the target distal end of the FET prosthesis.
The selected stent graft was designed to cover the straight descending aorta above the
thoracic vertebra (Th) 8 level, ensuring a landing zone of at least 40 mm and a diameter
between 110% and 120% of the descending aorta (Figure 2(A)).

FROZENIX consists of a Dacron polyester fabric vascular prosthesis with nitinol
stents affixed on the inner aspect. Its delivery system comprises a malleable rod,

Figure 1. (A) Hand-made stent graft featuring a Gianturco stainless-steel endoskeleton,
composed of Z-shaped stent bodies. (B) Commercialized stent graft with a flexible Nitinol
wire-woven structure, enhancing trackability to the aortic arch.
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Stent graft length=150mm

Figure 2. (A) lllustration of the stent graft sizing process. The length of the stent graft is
determined from the subclavian artery bifurcation to 4 cm past the end of the aneurysm. The
diameter of the stent graft is chosen based on | 0% of the aortic diameter at the landing zone. (B)
Measurement of the stent distal end level at the vertebral body (indicated by the black arrow). The
landing zone angle (marked with an asterisk) is the angle between the distal end of the stent and
the vertical axis.

which can be advanced into the descending aorta. FROZENIX is available in lengths
of 60, 90, 120, and 150 mm for the stented portions and diameters ranging from
21 to 39 mm.

Operative technique

All TARFET procedures were performed through median sternotomy. Cerebrospinal
fluid drainage was not employed in any of the cases. The primary method for arterial can-
nulation was direct cannulation of the ascending aorta, with the left side of the SCA
serving as an alternative. Femoral artery cannulation was not additionally employed.
Once cardiopulmonary bypass was established, patients were cooled until their rectal
or bladder temperatures reached 26 °C. Under circulatory arrest conditions, selective
cerebral perfusion was initiated. Myocardial protection was ensured through the infusion
of cold blood cardioplegia into the coronary sinus. The aortic arch was typically incised
between the left common carotid artery and the left SCA (Zone 2). In some cases, incision
was made distal to the left SCA (Zone 3). The stent graft was inserted into the descending
aorta and deployed, ensuring it was filled with blood to prevent air embolism. For the
FROZENIX cases, the non-stented part was minimized to less than 5 mm, allowing
the formation of the distal stump without continuous suturing, facilitated by the self-
expanding force of the stent. In contrast, for Z-stent grafts, the non-stented part was
longer, necessitating continuous suturing for distal stump formation. The modification
time of the stent in the Z group was about 30 min (Image). Subsequently, another
4-branched graft was anastomosed to the stump in an open distal anastomosis fashion,
reinforced with an outer felt strip coated with Hydrofit hemostatic sealant (Sanyo
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Chemical Industries, Kyoto, Japan). In cases employing FROZENIX, the ease of distal
anastomosis was enhanced by direct anastomosis between the graft and the stent graft
without needing to construct a distal stump, thereby simplifying the surgical technique.
After establishing antegrade systemic perfusion from the 4-branched graft, proximal
anastomosis was performed. Subsequently, the left subclavian, left carotid, and brachio-
cephalic arteries were anastomosed to each branch of the graft.

Measurements of CT images

Preoperative evaluation included measuring the maximum aneurysm diameter, aneurysm
morphology (classified as saccular or fusiform), distance from the SCA to the distal end
of the aneurysm, and the diameter of the distal descending aorta (landing zone). Patients
who underwent TARFET were systematically followed up at our hospital’s outpatient
clinic. Follow-up CT evaluations were scheduled at discharge, six months post-
procedure, and annually thereafter. The purpose of these CT scans was to assess aneur-
ysm remodeling by monitoring changes in the aneurysm diameter, stent graft position,
and the angle of the stent graft over time (Figure 2(B)).

Aneurysm diameter changes. Changes in aneurysm diameter were classified as follows: a
decrease of 10% or more from the initial postoperative measurement was defined as the
“shrink group.” Conversely, cases with either an increase of 10% or more or a change of
less than 10% were classified as the “no change group.”

Distal landing zone Th level. The positioning of the distal side of the stent graft was
quantified in relation to vertebral levels. To enhance the precision of stent graft place-
ment, the height of the vertebral body was divided into ten equidistant segments. The
change in the stent’s position was meticulously assessed by comparing segmental
locations across different time points, allowing for an accurate evaluation of migration
or stability.

Landing zone angle. The angle of the stent graft landing zone relative to the body’s lon-
gitudinal axis was carefully measured. Both the initial values at the time of insertion and
the postoperative changes in angle were evaluated. These measurements provided
insights into the stent’s positional integrity and potential risks for endoleak or migration.

Endpoints and follow-up

The primary endpoint of the study was defined as in-hospital mortality and the necessity
for subsequent aortic procedures, such as TEVAR or additional surgeries. Secondary
endpoints included surgical parameters and the incidence of major complications.
Neurological dysfunctions, such as stroke or spinal cord injury (SCI), were identified
as persistent brain dysfunctions at discharge, with new postoperative lesions evident
on CT scans or magnetic resonance imaging. SCI was further characterized as paraplegia
or paraparesis.



6 Science Progress 107(3)

Definitions

Coronary disease was defined as a history of coronary intervention or the presence of
concomitant coronary artery stenosis. Chronic obstructive pulmonary disease (COPD)
was defined as having a forced expiratory volume in one second (FEV1) less than
70% of the predicted value or requiring the use of a bronchial inhaler. Renal failure
was defined as a serum creatinine level greater than 1.3 g/dL or an estimated glomerular
filtration rate (eGFR) less than 60 mL/min/1.73 m>.

Ethics and data collection

This study was conducted in accordance with the latest version of the Declaration of
Helsinki. The study design was approved by the Institutional Review Board of Anjo
Kosei Hospital (approval no. R23-081). The approval date was 11 December 2023.
Owing to the retrospective nature of the research, the Ethics Committee waived the
requirement for written patient informed consent, as the study did not alter the course
of treatment and utilized a database designed to protect patients’ identities. The reporting
of this study conforms to the Strengthening The Reporting of Observational Studies in
Epidemiology (STROBE) guidelines.’

Statistical analysis

Patient data were collected retrospectively. Continuous variables are presented as mean
and standard deviation (SD) if normally distributed, and as median with interquartile
range for non-normal distributions. The y? test was used for univariate analysis to identify
significant differences. Changes within subjects were compared using the paired #-test.
A P-value of less than 0.05 was considered statistically significant. Outcomes were esti-
mated using Kaplan—Meier analysis. All statistical analyses were performed using EZR
(Saitama Medical Center, Jichi Medical University, Saitama, Japan), a modified version
of the R commander designed to add statistical functions frequently used in biostatistics.

Results
Patients characteristics

Among the 68 patients who underwent TARFET surgery, two different types of devices
were used. Group Z comprised 17 patients (25.0%) who received hand-made stent grafts
with Gianturco Z stents, and Group J consisted of 51 patients (75.0%) who were treated
with the commercialized stent graft (J Graft FROZENIX). The preoperative characteris-
tics of both groups are outlined in Table 1. The average age and gender distribution were
similar across groups. The prevalence of comorbidities such as diabetes mellitus, chronic
kidney disease, and COPD showed no significant differences between the groups. The
mean aneurysm diameter was 57.3 + 8.8 mm (range 42—70 mm) in Group Z and 57.9
+9.7 mm (range 35-89 mm) in Group J, with the majority of aneurysms being of the sac-
cular type. The length of the aneurysm was 70 mm or greater in both groups. None of
these comparisons showed statistically significant differences.
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Table |. Patient preoperative demographics.

Variable Group Z (n=17) Group J (n=51) p-value
Age (range) 752+3.94 (69-84) 753+5.34(61-85 0912
Male(%)/Female(%) 16(94%)/1 (6%) 46(90%)/5 (10%) 0.885
Diabetes mellitus 3 (17.6%) 12 (23.5%) 0.880
Chronic kidney disease 6 (35.3%) 14 (27.5%) 0.828
COPD 5 (29.4%) 23 (45.1%) 0.523
Coronary artery disease 4 (23.5%) 13 (25.5%) 0.987
Aortic operation 4 (23.5%) 9 (17.6%) 0.867
Cerebral vascular disease 2 (11.8%) 10 (19.6%) 0.764
Peripheral artery disease 3 (17.6%) 7 (13.7%) 0.925
Poor LVEF (<50%) 2 (11.8%) 3 (5.9%) 0.723
Aneurysm diameter (mm) (range) 57.3 +8.8 (42-70) 57.9+9.7 (35-89) 0.859
Aneurysm type, saccular/fusiform 16 (94%)/1 (6%) 43 (86%)/8 (14%) 0.586
Length of aneurysm (mm) 72.5+220 72.8+20.7 0.883

(from SCA to the end of aneurysm)

COPD: chronic obstructive pulmonary disease; LVEF: left ventricular ejection fraction.

Table 2. Surgical characteristics.

Variable Group Z (n=17) Group J (n=51) p-value
Stent graft diameter (mm) 31.5+296 31.3+258 0.754
Stent graft length (mm) 1275+ 19.6 133.7+213 0.295
Stent length (mm) 50.0+0 1188+ 189 <0.001
Stent diameter/Aorta diameter 1.12+0.12 [.11 +0.06 0.937
Operative time (min) 351 +£659 368+ 109 0.541
Concomitant operation

CABG 0 2

AVR 0 2

ASD closure + TAP 0 I

CABG: coronary artery bypass grafting; AVR: aortic valve replacement; ASD: atrial septal defect; TAP: tricuspid
annuloplasty.

Operative data and results

Surgical characteristics between the two groups are summarized in Table 2. Operative
time was comparable across groups. The stent graft diameter and length showed no sig-
nificant differences. However, the stent length varied significantly, with Group Z having
a uniform length of 50.0 mm and Group J averaging 118.8 + 18.9 mm (p <0.001). This
difference is attributable to the structural design, as Z stents only have a 50 mm length,
while FROZENIX varies from 60 to 150 mm. The ratio of stent diameter to aorta diam-
eter was similar between the groups (1.12 +0.12 for Group Z and 1.11 + 0.06 for Group
J, p=0.937).

The postoperative outcomes are detailed in Table 3. Prolonged intubation occurred in
11.8% of Group Z and 3.9% of Group J, with no significant difference in incidence.
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The in-hospital mortality rate was identical for both groups at 5.9%. The incidence of
early morbidity, such as stroke, was 17.6% in Group Z and 11.8% in Group J, and the
rate of SCI was 5.9% in Group Z and 3.9% in Group J, with no significant differences
observed between the groups (p=0.825 and p =0.943, respectively). Neither group
experienced cases of paraplegia, while paraparesis occurred in 5.9% of Group Z and
3.9% of Group J, again without a significant difference (p =0.825).

Postoperative CT findings

Significant differences between both groups were observed in several aspects of the post-
operative CT findings, as detailed in Table 4. The average proximal non-stent length in
Group Z was 77.5 +19.6 mm, significantly longer than the 15.5 + 14.7 mm in Group J
(p<0.0001). The distal landing length was shorter in Group Z, averaging 42.6 +7.1 mm,

Table 3. Postoperative results.

Variable Group Z (n=17) Group | (n=51) p-value
Prolonged intubation 2 (11.8%) 2 (3.9%) 0.492
Renal failure/new dialysis 0 0
Early mortality
In-hospital mortality 1 (5.9%) 3 (5.9%) 1.0
Early morbidity
Stroke 3 (17.6%) 6 (11.8%) 0.825
Spinal cord injury 1 (5.9%) 2 (3.9%) 0.943
Paraplegia 0 0
Paraparesis 1 (5.9%) 2 (3.9%) 0.825

Table 4. Postoperative CT findings .

Variable Group Z (n=16) Group ] (n=44) p-value
Proximal non-stent length (mm) 775+ 19.6 155+ 147 <0.0001
Distal landing length (mm) 42.6+7.1 51.3+169 0.0467
Distal landing zone Th level (mean) Th7.1 £0.84 Th7.5+0.73 0.0659
Th5 1 (5.9%) I (2.0%)
Thé 5 (2.9%) 5 (10.2%)
Th7 7 (41.2%) 27 (55.1%)
Th8 3 (17.6%) 16 (32.7%)
Stent migration length (vertebral body) 0.96 +0.99 (0-3.1)  0.45+0.41 (0-1.6) 0.0472
(range)
Stent migration length >| vertebral 6 (37.5%) 6 (12.8%) 0.1250
body (n)
landing zone angle from axis (range) 28.4+22.4° (0-81) 17.6+15.2° (0-62) 0.0342
Landing zone angle change A (range) 16.1 +13.0° (0-43) 1.2+ 11.6° (0-34) 0.1605
Endoleak (type Ib) 7/16 (43.8%) 1/44 (2.3%) 0.0002
Aneurysm shrinkage 7/16(43.8%) 28 /44(63.6%) 0.3849

CT: computed tomography; Th: thoracic vertebrae.
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compared to 51.3 +16.9 mm in Group J, a difference that was statistically significant
(p=0.0467). The mean level of the distal landing zone at the thoracic vertebrae (Th)
was Th7.1 +0.84 for Group Z and Th7.5 +0.73 for Group J, with no significant differ-
ence observed (p =0.0659). Stent migration length, measured by vertebral body range,
was significantly greater in Group Z (0.96 +0.99, range 0-3.1) compared to Group J
(0.45 +0.41, range 0-1.6) (p =0.0472). The incidence of stent migration over one verte-
bral body was higher in Group Z (37.5%) compared to Group J (12.8%), though this dif-
ference was not statistically significant (p =0.1250). A significant difference was noted in
the landing zone angle from the axis, with Group Z showing a larger variance of 28.4 +
22.4° (range 0-81) compared to 17.6+15.2° (range 0-62) in Group J (p =0.0342).
However, the change in landing zone angle (A) showed no significant difference,
with 16.1 +13.0° (range 0—43) in Group Z and 11.2+11.6° (range 0-34) in Group J
(p=0.1605). Type Ib endoleak occurred in 43.8% of Group Z, significantly higher com-
pared to 2.3% in Group J (p =0.0002). TEVAR was considered as an additional interven-
tion for patients with Type Ib endoleak. Aneurysm shrinkage was observed in 43.8% of
Group Z and 63.6% of Group J, showing no significant difference (p =0.3849).

Postoperative CT findings were compared between the shrink group (n=35) and the
no change group (n=25) (Table 5). The level of the landing zone and the landing length
revealed no significant difference. Stent migration length, measured in terms of vertebral
bodies, was slightly less in the shrink group at 0.45 (range 0—1) compared to 0.69 (range
0-3) in the no change group, but this difference approached significance (p =0.0678).
The incidence of stent migration over one vertebral body was not significantly different
between the groups, with 8.6% in the shrink group and 28.0% in the no change group
(p=0.1378), indicating a trend toward more cases in the no change group. The
landing zone angles from the axis were significantly lower in the shrink group at 17.6°
(range 0—66) compared to a larger angle of 26.7° (range 2—81) in the no change group
(p=0.0445). However, the change in the landing zone angle (A) did not differ signifi-
cantly, with the shrink group showing a change of 12.8° (range 0-49) compared to
10.9° (range 2—-43) in the no change group (p =0.7040).

Follow-up outcomes

The mean follow-up period was 40.9 months. The Kaplan-Meier survival curves were
used to illustrate the postoperative outcomes of patients receiving stent grafts in the

Table 5. Postoperative CT findings 2.

Shrink group No change group
Variable (n=35) (n=25) b
Distal landing zone Th level (Th)(range) Th 7.5 (6-8) Th 7.4 (5-8) 0.5909
Landing length (mm) 46.0 47.7 0.8173
Stent migration length (vertebra) 0.45 0.69 0.0678
Stent migration length >| vertebra (n) 3 (8.6%) 7 (28.0%) 0.1378
Landing zone angle from axis 17.6° 26.7° 0.0445

Landing zone angle change A 12.8° 10.9° 0.7040
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Figure 3. Comparison of outcomes between the groups. (A) The overall survival rates, showing
no significant difference between the two groups. (B) Postoperative aortic event rates, indicating a
significant difference between the groups.

two groups (Figure 3(A)). In Group Z, five patients (18.5%) underwent additional
TEVAR, and two patients experienced rupture before TEVAR. The overall survival
rate at the five-year period showed that Group J had a survival rate of 75.3%, while
Group Z had a survival rate of 63.5%; however, this difference was not statistically sig-
nificant (p =0.442). In contrast, the aortic event-free survival rate differed markedly
between the groups, with Group J demonstrating a significantly higher event-free survival
compared to Group Z (p <0.001) (Figure 3(B)). This suggests a potential difference in
the long-term efficacy or complications associated with the stent grafts used in the
two groups.

Discussion

TAR is the gold standard technique for addressing degenerative aortic arch aneurysms.
Despite its technical complexity, particularly in terms of aneurysm morphology, the
FET technique, first reported in Japan in 1996,> has gained international acclaim. FET
simplifies the distal anastomosis, the most intricate part of TAR, allowing for comprehen-
sive treatment of arch lesions extending into the descending aorta within a single proced-
ure. Initial experiences with hand-made stent grafts in Japan highlighted a significant
frequency of SCI. This was attributed to extensive coverage of segmental arteries
crucial for spinal cord perfusion or embolization of thrombus, atheroma, or air within
these arteries.>® Several European studies have demonstrated that the FET method'®"
'2 has a relatively low mortality rate. Parallel to the development of factory-produced
devices, a growing body of literature on TARFET has emerged, discussing its suitability
for a range of aortic pathologies. FET for extensive thoracic aortic diseases has received a
class Ila recommendation from the Vascular Domain of the European Association for
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Cardio-Thoracic Surgery.'® The first Japan-made commercialized FET device, J Graft
Open Stent Graft (now FROZENIX), became clinically available in Japan in 2014.°
This prosthesis, with its unique design featuring oval-shaped nitinol wire secured
inside the vascular prosthesis, minimizes the risk of intimal injury and provides high
flexibility to conform to the aortic curvature.* The delivery system’s malleable rod
allows for easy deployment, and sheath markers aid in precise placement of the stent’s
distal end.*'"* FROZENIX’s design enables the minimization of the non-stented
portion, an advantage over single-piece devices such as Thoraflex (Vascutek,
Inchinnan, Scotland, UK) or E-vita (Jotec Inc., Hechingen, Germany) used elsewhere.
Our study’s mid-term outcomes for TARFET with FROZENIX in treating distal aortic
arch aneurysms were satisfactory, with a 5-year survival rate of 75.3%, comparable to
previous reports.'>~'? Notably, most prior TARFET studies focused on aortic dissection,
with only a few addressing aortic arch aneurysms.”?' Leone et al.’s TARFET sub-
analysis indicated that patients with degenerative aortic aneurysms were typically older
and had more preoperative conditions, including heart and lung diseases, and exhibited
a higher death rate compared to aortic dissection cases (19.3% vs 12.9%).'"® The
course of aneurysm diameter and endoleak are issues in TARFET for true aneurysms,
and there are no reports comparing hand-made devices with factory-made devices. Our
study compares the short- and mid-term outcomes of hand-made stent grafts (Group Z)
with factory-produced devices (Group J) in patients with degenerative aortic arch aneur-
ysms. While mortality and neurological complication rates were lower in Group J, the
small sample size limits the significance of these findings. The study also noted that
improved devices reduced neurological morbidity, but it remained high. According to
a position paper by the EACTS Vascular Domain, aggregated morbidity and mortality
rates were described as in-hospital mortality between 1.8% and 17.2%, stroke between
2.5% and 20%, and SCI between 0% and 21%.'> A meta-analysis reported in-hospital
mortality at 8.8% (0%—40.9%), stroke at 7.6% (0%—-24%), and paraplegia at 4.7%
(0%—21.6%).® In a clinical trial of this FET device among nine major centers, the rates
of in-hospital mortality, stroke, and paraplegia were 5.1%, 10.0%, and 1.7%, respect-
ively.> Compared with these results, our outcomes for TEAFET using FROZENIX
with an in-hospital mortality rate of 5.9%, stroke rate of 11.8%, and paraplegia rate of
0% were comparable or more favorable. Furthermore, a recent Japanese multicenter
study using FROZENIX reported in-hospital mortality at 1.9%, stroke at 5.6%, and para-
plegia at 1.6%,?* superior to other series. Recent results at our institution have shown
improvement over earlier series. Katayama et al.’ identified significant independent
risk factors for SCI, including the distal position of the stent-graft below the Th9 and
low mean blood pressure below 70 mmHg. Therefore, we aim to deploy the distal end
of the FET prosthesis above the ThS8 level and maintain stable perioperative hemodynam-
ics to avoid critical postoperative complications, including SCI.

Postoperative CT evaluation is crucial for monitoring remaining aneurysms. Our study
closely examined postoperative CT images, providing objective criteria for assessing
aneurysm repair success and stent graft performance. There were more postoperative
aortic events and fewer cases of aneurysm size reduction in Group Z. Postoperative
type Ib endoleak into the remaining aneurysm remains a concern for TARFET. A retro-
spective study®? using FROZENIX for thoracic aortic aneurysm showed only one case
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(0.15%) of type Ib endoleak. In our series, endoleak Ib was significantly reduced with
FROZENIX (from 43.8% to 2.3%, p=0.0002), while the rate of aneurysm shrinkage
improved but not significantly (from 43.8% to 63.6%, p=0.3849). Compared with Z
stents, FROZENIX is expected to enhance trackability to the aortic arch of the thoracic
aorta due to its unique Nitinol wire-woven structure. The improvement in the device
did not significantly reduce the shrinkage rate, prompting a detailed analysis of post-
operative CT images to determine the cause. The landing zone angle (the angle of the
distal portion of the stent graft) was found to influence the change in aneurysm diameter.
However, the challenge remains in selecting a short FET to prevent type IB endoleak
from an insufficient distal landing zone. To minimize these complications, we choose
the length of the stent-graft to be inserted by maintaining more than a 4 cm distal
landing zone in the descending aorta. If the patient’s anatomy does not meet these criteria,
we opt for conventional TAR or a two-stage procedure (TAR with FET followed by con-
ventional TEVAR). Tokunaga et al. reported that the cumulative incidence of secondary
intervention after TARFET for distal aortic arch aneurysms was 16.6% at 1 year and
25.5% at 5 years.”® Indeed, there is a tendency to choose a more proximal implantation
of the distal end of the FET prosthesis to avoid SCI. Cases in which complete exclusion
and remodeling could not be achieved due to the aneurysm’s morphology were excluded
from this study, as they were scheduled for secondary aortic intervention.

Regarding neurological complications, the incidence of stroke was higher in TARFET,
likely due to the aneurysm-specific shaggy aorta and redo surgeries. However, the inci-
dence of paraplegia could be reduced by avoiding deep FET device insertion below the
T8 level for spinal cord safety. Another caution should be taken to promote aneurysmal
shrinkage. This study confirms the importance of the stent landing zone angle and the
height of the stent ends. We believe that overcoming the problems of the hand-made Z
stent graft, the advantages of FROZENIX may contribute to better outcomes in
TARFET for distal aortic arch aneurysms. Intensive clinical assessment with close
imaging evaluation, while waiting for secondary intervention, is mandatory to avoid any
interval aortic events. In addition, preoperative evaluation of aneurysm morphology
with CT and designing the appropriate diameter and length of the FET prosthesis are essen-
tial to obtain the maximum advantage of TARFET. These complications, derived from the
severely atherosclerotic aorta in patients with degenerative aortic aneurysms, are still chal-
lenging to manage and remain a future issue to be addressed.

Study limitations

This study has several limitations. First, it was a single-center, retrospective study, and
the number of patients was small. Second, the observational periods for the two
groups differed, as FROZENIX has been used since 2014. Third, the ratios of the two
groups were disparate because the procedure selection was nonrandomized and depended
on the era of each device. Finally, the follow-up period was relatively short, especially
for the FROZENIX group. Despite these limitations, few studies have focused on
distal aortic arch aneurysm repair with TARFET. Our experience supports the use of
TARFET with FROZENIX as a significant therapeutic option for distal aortic arch aneur-
ysms. Further investigations with a larger cohort and longer follow-up are warranted.
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Conclusions

This study revealed no significant difference in all-cause mortality between the groups.
However, the hand-made Z stent group experienced a higher frequency of aortic events,
including stent migration, endoleak, graft kink, and aneurysm enlargement, necessitating
additional interventions, suggesting that the TARFET with FROZENIX is more effective
treatment option for distal aortic arch aneurysms. FROZENIX notably reduced the post-
operative aortic events. Although there were cases where aneurysms did not shrink, this
outcome appears to be influenced by factors such as the insertion stent angle, rather than
changes in the landing zone angle. Importantly, the use of FROZENIX in TARFET proce-
dures, as part of the evolution of the Japan-made FET device, has shown to be beneficial in
reducing early complications and potentially improving long-term prognosis, considering
the landing zone angle. To further ascertain the precise impact of FROZENIX, long-term
outcomes, including follow-up CT image analyses, are crucial.

Author Contributions

Shinji Kanemitsu designed the research and supervised the study. Shunsuke Sakamoto conducted
the surgeries and analyzed the data. Renta Ishikawa contributed to data collection and interpret-
ation. Toru Mizumoto assisted in manuscript preparation and provided critical revisions. All
authors reviewed and approved the final manuscript.

Declaration of conflicting interests

The authors declared no potential conflicts of interest with respect to the research, authorship, and/
or publication of this article.

Funding

The authors received no financial support for the research, authorship, and/or publication of this
article.

ORCID iD
Shinji Kanemitsu https:/orcid.org/0000-0002-1823-5962

References

1. Minatoya K, Ogino H, Matsuda H, et al. Surgical management of distal arch aneurysm: another
approach with improved results. Ann Thorac Surg 2006; 81: 1353—-1356.

2. Kato M, Ohnishi K, Kaneko M, et al. New graft-implanting method for thoracic aortic aneur-
ysm or dissection with a stented graft. Circulation 1996; 94: 188-193.

3. Uchida N, Katayama A, Higashiue S, et al. A new device as an open stent graft for extended
aortic repair: a multicentre early experience in Japan. Eur J Cardiothorac Surg 2016; 49:
1270-1278.

4. Okita Y. Frozen elephant trunk with Frozenix prosthesis. Ann Cardiothorac Surg 2020; 9:
152-163.

5. von Elm E, Altman DG, Egger M, et al. The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement: guidelines for reporting observational studies.
Ann Intern Med 2007; 147: 573-5717.


https://orcid.org/0000-0002-1823-5962
https://orcid.org/0000-0002-1823-5962

Science Progress 107(3)

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Usui A, Fujimoto K, Ishiguchi T, et al. Cerebrospinal dysfunction after endovascular stent-
grafting via a median sternotomy: the frozen elephant trunk procedure. Ann Thorac Surg
2002; 74: S1821-S1824.

Flores J, Kunihara T, Shiiya N, et al. Extensive deployment of the stented elephant trunk is
associated with an increased risk of spinal cord injury. J Thorac Cardiovasc Surg 20006;
131: 336-342.

Preventza O, Liao JL, Olive JK, et al. Neurologic complications after the frozen elephant trunk
procedure: a meta-analysis of more than 3000 patients. J Thorac Cardiovasc Surg 2019; 160:
20-33.

Katayama K, Uchida N, Katayama A, et al. Multiple factors predict the risk of spinal cord
injury after the frozen elephant trunk technique for extended thoracic aortic disease. Eur J
Cardiothorac Surg 2015; 47: 616-620.

Di Bartolomeo R, Murana G, Di Marco L, et al. Frozen versus conventional elephant trunk
technique: application in clinical practice. Eur J Cardiothorac Surg 2017; 51: i20-i28.
Leontyev S, Borger MA, Etz CD, et al. Experience with the conventional and frozen elephant
trunk techniques: a single-centre study. Eur J Cardiothorac Surg 2013; 44: 1076-1082.
Shrestha M, Beckmann E, Krueger H, et al. The elephant trunk is freezing: the Hannover
experience. J Thorac Cardiovasc Surg 2015; 149: 1286-1293.

Shrestha M, Bachet J, Bavaria J, et al. Current status and recommendations for use of the
frozen elephant trunk technique: a position paper by the vascular domain of EACTS. Eur J
Cardiothorac Surg 2015; 47: 759-769.

Yamanaka K. Editorial comment regarding “total aortic arch replacement using the frozen ele-
phant trunk technique with J graft open stent graft for distal aortic arch aneurysm”. Gen Thorac
Cardiovasc Surg 2018; 66: 501-503.

Sueda T, Takahashi S, Katayama K, et al. The long-term outcomes of partial arch repair using
the frozen elephant trunk technique for distal arch aortic aneurysm. Surg Today 2018; 48:
1035-1039.

Yoshitake A, Tochii M, Tokunaga C, et al. Early and long-term results of total arch replace-
ment with the frozen elephant trunk technique for acute type A aortic dissection. Eur J
Cardiothorac Surg 2020; 58: 707-713.

Di Bartolomeo R, Murana G, Di Marco L, et al. Is the frozen elephant trunk frozen? Gen
Thorac Cardiovasc Surg 2019; 67: 111-117.

Leone A, Beckmann E, Aandreas M, et al. Total aortic arch replacement with frozen elephant
trunk technique: results from two European institutes. J Thorac Cardiovasc Surg 2020; 159:
1201-1211.

Uchida N. Open stent grafting for complex diseases of the thoracic aorta: clinical utility. Gen
Thorac Cardiovasc Surg 2013; 61: 118-126.

Tokunaga C, Kumagai Y, Chubachi F, et al. Total arch replacement using frozen elephant
trunk technique with Frozenix for distal aortic arch aneurysms. Interact Cardiovasc Thorac
Surg 2022; 35: ivac038.

Koizumi S, Ishigami M, Tsubota H, et al. Short- and mid-term outcomes of the frozen
elephant-trunk procedure for degenerative aortic arch aneurysm. Surg Today 2022; 52: 324-329.
Ogino H, Okita Y, Uchida N, et al. J-open cardiac aortic arch disease replacement surgical
therapy study investigators. Comparative study of Japanese frozen elephant trunk device for
open aortic arch repairs. J Thorac Cardiovasc Surg 2022; 164: 1681-1692.e2.



	 Introduction
	 Patients and methods
	 Patients and study design
	 Stent grafts
	 Operative technique
	 Measurements of CT images
	 Aneurysm diameter changes
	 Distal landing zone Th level
	 Landing zone angle

	 Endpoints and follow-up
	 Definitions
	 Ethics and data collection
	 Statistical analysis

	 Results
	 Patients characteristics
	 Operative data and results
	 Postoperative CT findings
	 Follow-up outcomes

	 Discussion
	 Study limitations
	 Conclusions
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


