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ABSTRACT

Objective: To illustrate our experience and results in patients with diffuse aneu-
rysmal disease treated with arch replacement using the Siena collared graft, a de-
vice designed in 2002 to improve the elephant trunk technique. Results of the first
step surgical implant and the subsequent treatment strategies, with extensive use of
endovascular techniques, are reported.

Methods: All aortic arch–replacement procedures using the Siena graft between
February 2002 and January 2020 were retrospectively analyzed for early and late
clinical outcomes.

Results: Of 146 patients (54 women, 36.9%) with a median age of 69.1 years (inter-
quartile range 58.4-75.0 years), 55 (37.6%) had acute/chronic dissection with false
lumen aneurysmal dilatation, 91 (62.3%) had degenerative aneurysms, 45 (30.8%)
were redo operations, and 14 (9.5%) had connective tissue disease. First-stage out-
comes: 10.9% 30-day mortality (n ¼ 16); 5.4% stroke (n ¼ 8, 6 disabling, 2 nondis-
abling; 3 fatal); and 0.6% paraplegia. Outcomes for 113 second-stage procedures
(77.3%, n ¼ 97 endovascular [66.4%], n ¼ 16 surgical [10.9%]) were 5.3% and
8.8% 30-day and 180-day mortality; no stroke; 10.6% paraplegia. Median follow-
up was 5.7 years (range: 0-18.02 years) median survival was 16.65 years (95% lower
confidence limit, 10.06 years) with no significant difference between aneurysm and
dissection patients. Freedom from further treatment was 87.0% (95% confidence
interval, 79.9%-94.7%) at 5 years and 71.4% (95% confidence interval, 71.4%-
84.7%) at 10 years; median time to reintervention was 2.59 years (interquartile
range, 0.52-5.20 years) with no difference (P ¼ .22) between dissection and aneu-
rysm groups.

Conclusions: Siena collared graft represents a reliable platform for the treatment
of diffuse aneurysmal disease. This device offers the flexibility required in the treat-
ment of extended aortic lesions and guarantees the choice of the most appropriate
approach for treatment completion. In this context, the availability of hybrid grafts
has not modified the role of this device in arch surgery. (JTCVS Techniques
2021;6:13-27)
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Three steps of a “delayed frozen” elephant trunk
approach.
h

CENTRAL MESSAGE

Arch replacement using Siena
collared graft elephant trunk is
effective for the treatment of
diffuse aortic aneurysmal dis-
ease, especially when combined
with advanced endovascular
techniques.
PERSPECTIVE
In the early 2000s, the Gelweave Siena graft for
elephant trunk arch replacement was designed
to facilitate second-stage endovascular comple-
tion. Long-term follow-up of a large cohort of pa-
tients treated with this technique demonstrate
that open surgical techniques and surgical grafts
continue to be essential for the treatment of
diffuse aneurysmal disease.

See Commentaries on pages 28 and 30.
Video clip is available online.

In 2002, we introduced a new elephant trunk (ET) surgi-
cal graft (the Siena graft)1 to treat aortic arch aneurysms
and dissection that facilitated hybrid completion or an
open surgical second stage (Video 1). This design antic-
ipated dedicated hybrid grafts and the “frozen” ET tech-
nique that has since gained popularity; we extensively
employed endovascular devices for second-stage comple-
tion from the beginning. We describe our approach and
report long-term results.
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VIDEO 1. The elephant trunk is a revolutionary technique invented by

professor Hans Borst in 1983 for the treatment of diffuse aneurysmal dis-

ease. In the early years, 2000, in Siena, we began to think about a prosthesis

expressly designed for the ET technique. The idea arose from the possibil-

ities offered by new endovascular stent graft technologies emerging in

those years. We sought to take full advantage from them to complete the

elephant trunk operations with a less-invasive approach. The term frozen

elephant trunk was still to be coined at that time, but that was the direction

taken. In addition, with the new design, we wanted to solve some technical

problems such as the graft/aorta mismatch at the anastomosis level and we

wanted to use multi-branched grafts that made simpler the reconstruction.

The new graft was named Dumbo, for the analogy between the Walt Dis-

ney’s big-eared baby elephant and the ET graft sewing collar. The

following part of the video illustrates an aneurysm case treated with our

current technique and completed with a branched graft. Video available

at: https://www.jtcvs.org/article/S2666-2507(20)30702-1/fulltext.

Abbreviations and Acronyms
CI ¼ confidence interval
CSF ¼ cerebrospinal spinal fluid
CT ¼ computed tomography
ET ¼ elephant trunk
IQR ¼ interquartile range
LCL ¼ lower confidence limit
OR ¼ odds ratio
OSR ¼ open surgical repair
PAU ¼ penetrating aortic ulcer
SINE ¼ stent graft–induced new entry tear
TEVAR ¼ thoracic endovascular aortic repair
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METHODS
This was a retrospective analysis of the clinical records of all patients

treated at Azienda Ospedaliera Universitaria Senese, Siena, Italy, between

February 2002 and January 2020 (Figure 1) who received a Gelweave

(Terumo Aortic; Inchinnan, Glasgow, United Kingdom) Siena collared

graft for arch replacement as a part of a staged treatment of diffuse aneu-

rysmal disease (chronic aortic dissection, Marfan syndrome, mega-aorta

syndrome, and multiple aneurysm).2 Perioperative data were collected

from the aortic surgery database; data regarding endovascular materials

and imaging follow-up were obtained from the interventional radiology

database. Outcomes, including the need for intervention and mortality,

were tracked over time. Follow-up information was obtained from hospi-

tal outpatients clinic records and by direct contact with the patient, fam-

ily, cardiologist, and family physician. The Hospital Ethics Committee

approved the study; before elective surgery, all patients gave their written

and informed consent to the procedures; in emergency cases with

impaired consciousness, informed consent was obtained from relatives,

unless this delayed the start of treatment (2 cases). The Gelweave Siena

collared graft (Terumo Aortic) has been described in the literature for use

in the ET procedure.3-7 Indication for index surgery is based on

international guidelines, as well as on the clinical evaluation and

computed tomography (CT) angiography of the aorta. Recently, the

tool of multidisciplinary case discussion (aortic team), to tailor the

treatment on a patient’s anatomy and function, has been adopted as a

standard. Follow-up CT scans were performed to determine the anatom-

ical outcome of the primary arch replacement and to decide subsequent

treatment strategies, such as the choice and sizing of endovascular de-

vices.8-10 The criteria to determine second-stage treatment were identical

for both surgical and endovascular approaches. Primary treatment was

advised if (1) the maximum diameter of the thoracic aorta exceeded

60 mm, (2) if there was a rapid expansion of >1 cm/year, or (3) a

morphology known to be at high risk of rupture (eg, eccentric dilation/

penetrating aortic ulcer [PAU]). Patients with suspected or documented

genetic aortic disorders with a descending thoracic aortic diameter

exceeding 55 mm were considered for repair. All patients requiring endo-

vascular treatment were discussed by a multidisciplinary aortic team that

included interventional radiologists and cardiac surgeons.

Operative Technique: The First Stage
All elective patients underwent extensive cardiopulmonary workup,

including coronary angiography and neurovascular imaging. The current

Siena graft surgical technique (Video 1) does not differ much from that

described in the original report.1 Right axillary perfusion was routinely

employed for arterial inflow; extrathoracic carotid artery cannulation

was used in redo surgery at risk for re-entry catastrophe.11 Bilateral hemi-

sphere perfusion was obtained with a cannula inserted into the left
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common carotid artery as described by Kazui and colleagues12 and cere-

bral flow rate was maintained between 10 and 15 mL/kg/min under mod-

erate hypothermic circulatory arrest (26�C nasopharyngeal). Near-

infrared spectroscopy was used to monitor oxygen saturation in the fron-

tal lobes. The graft is sutured using either 3-0 polypropylene running

suture or 3 interrupted 2.0 ETHIBOND sutures (Ethicon, Somerville,

NJ) with an additional 3-0 polypropylene running suture line added for

hemostasis. A polytetrafluoroethylene–felt ring, which doubles the collar

distally, improves hemostasis and reinforces anastomosis. Once the distal

anastomosis is completed and the perfusion branch of the graft is con-

nected to a second arterial line for distal perfusion, the anastomosis on

the proximal aorta is performed to reduce myocardial ischemic time;

perfusion of the graft main body provides better geometry for supra-

aortic trunk vessel reimplantation and avoids kinking of the branches.

When using the ET technique for dissection, preoperative contrast CT

assessment of the intimal flap anatomy should rule out potential problems

of distal malperfusion; distal fenestration can be performed in such cir-

cumstances. If the flow can be safely redirected into the true lumen at

the level of the distal anastomosis without risking malperfusion, long

ET grafts—size is calculated on the perimeter of the true lumen—are

preferred and are introduced and advanced into the true lumen using an

Amplatz Goose Neck snare device (Medtronic, Minneapolis, Minn) by

the radiologist under guidance of a C-arm image intensifier (OEC 9600

Vascular; GE Healthcare, Munich, Germany) or using transesophageal

echocardiography during patient preparation. The distal end of the ET

graft is captured by the snare catheter and gently pulled into the correct

lumen, thus avoiding folding or kinking. The goal is to induce proximal

false lumen exclusion by redirecting blood flow into the true lumen,

avoiding an immediate second-stage procedure. The correct size of graft

is calculated using the perimeter of the true lumen at different levels

(perimeter/p).

https://www.jtcvs.org/article/S2666-2507(20)30702-1/fulltext


Arch replacement with collared ET: the Siena approach

Died without second step : n = 11

Unfit / waiting / lost : n = 5 (3 /1/1)

30-day mortality : n = 16

Stroke: n = 6

Paraplegia (1st + 2nd step) : n = 13

Across the wide spectrum of diffuse aortic
aneurysmal disease, Siena graft as first-stage ET
arch replacement is a reliable and still current
platform

Delayed paraplegia n = 9

Median survival :16.65 years

Freedom from further treatment:

at 5 years 87.0% (95%CI, 79.9—94.7%)

at 10 years 71.4% (95%CI, 71.4—84.7%)

Legend : ET = Elephant Trunk

urgent/emergent: 32 pts

median age: 69.1 yrs

dissection
55 pts

aneurysm
91 pts

feb 2002 to jan 2020

Methods Results
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97 (100) 37 (38) 15 (15)

16 (100) 13 (81) 6 (38)
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Length covered from

Open surgical 2nd step : n = 16

TEVAR : n = 96 (branched n = 25)

collar (mm) :182 [154-214]

FIGURE 1. Study outline and the main results of our experience. ET, Elephant trunk; TEVAR, thoracic endovascular repair.
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Operative Technique: Second-Stage Completion
(Surgical)

The surgical second stage is similar to a standard descending thoracic or

thoracoabdominal aortic aneurysm repair and performed after adequate pa-

tient recovery.11 A thoracic (or thoracoabdominal) incision is made, and the

descending aorta exposed.13 The distal end of the graft from the first stage

is identified. Partial or full cardiopulmonary bypass with or without circu-

latory arrest is employed and the distal end of the graft clamped. The de-

scending aortic aneurysm is opened, the ET identified, and the new

prosthetic graft is anastomosed proximally, intercostal and visceral arteries

are reimplanted onto the graft body (Gelweave Coselli; Terumo Aortic) as

needed and the distal end of the graft is anastomosed to the aorta beyond the

aneurysm.

Operative Technique: Second-Stage Completion
(Endovascular)

The endovascular option can be part of a 2-stage operation or can be per-

formed during the index procedure after cardiopulmonary bypass. In the

latter, the thoracic aortic stent-graft can be inserted with the aid of intrao-

perative fluoroscopy into the descending aorta, using the perfusion side

branch of the Gelweave Siena collared graft. The planning of all endovas-

cular procedures was performed by the same operator using recent

(3 months) CT angiography. Full technical details have been described in

a previous report.14 The technique differs with regard to the underlying pa-

thology, dissection, or aneurysm. In dissected patients stent grafts were

positioned into the true lumen only in those cases that showed favorable

anatomical conditions (ie, visceral arteries arising from the true lumen)

or to relieve dynamic compression of the true lumen. In some cases

covering a distal re-entry tear in the thoracic aorta—and thus obtaining a

partial thrombosis of the false lumen—was an acceptable provisional solu-

tion.15 When this approach was not safe or possible, patients underwent an

extended longitudinal fenestration enabling full expansion of a stent-graft

to cover large, descending thoracic aortic aneurysms. This technique has

the advantage of converting the double lumen-dissected aorta into a single
lumen, allowing branched stent-grafts (designed for aneurysm treatment)

to be used.16 Endovascular fenestration was done using a “body floss”

type wire technique where both ends of a snared wire were pulled longitu-

dinally (caudally) across a chronic dissection membrane; organized dissec-

tion membranes seen in the setting of chronic dissection were penetrated

using a radiofrequency device.17

Endovascular repair of aneurysms changed according to anatomical

extension. In the case of lesions involving the descending aorta above

the celiac trunk, straight or tapered endografts were employed, whereas

in thoracoabdominal lesions, branched devices were used. In all cases,

proximal stent-graft landing was within the new, surgical ET neck and

with at least 2-cm overlap. In challenging vessel anatomy, like tortuosity

or steep angles, a brachiofemoral loop technique facilitated endoprosthesis

positioning.

Some patients could not wait for a custom-made endovascular

approach: in urgent settings, off-the-shelf branched devices or a parallel

graft (chimney) technique were used to ensure visceral perfusion. In elec-

tive cases, custom-made devices were used to preserve the native anatomy;

branch completion was performedwith self-expandable covered stents (VI-

ABAHN, W. L. Gore & Associates, Inc, Flagstaff, Ariz).
Operative Technique: Spinal Cord–Protection
Strategies

Spinal cord protection included systemic moderate hypothermia, early

reperfusion of the thoracoabdominal aorta (as soon as the distal anasto-

mosis was completed), and mandatory left subclavian artery revasculariza-

tion (left subclavian artery selective perfusion was never used);

somatosensory potentials monitoring was not available as routine.18-21

Cerebrospinal spinal fluid (CSF) drainage was employed when: (1)

extensive thrombosis of the false lumen after exclusion of dissection

intimal entries was expected; (2) an adjunctive (intraoperative) thoracic en-

dovascular aortic repair (TEVAR) procedure would cover at least two-

thirds of the thoracic aorta; (3) patients had previous abdominal aortic

repair. Second-stage surgical treatment involved routine CSF drainage,
JTCVS Techniques c Volume 6, Number C 15
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mild hypothermia, distal perfusion, sequential clamping, and maximum re-

implantation of intercostal arteries. For second-stage TEVAR and with

straight grafts, local anesthesia with conscious patients and no CSF

drainage was standard. In more complex repair (branched grafts or straight

grafts extending to the celiac axis), CSF drainagewas routine. Immediately

after stent-graft deployment, mean blood pressure was raised>80 mm Hg

and CSF drained until postoperative day 3 to keep CSF pressure below

10 mm Hg. CSF drainage was resumed if late paraplegia occurred. For

the first 48 to 72 hours after TEVAR, the mean arterial pressure goal was

90 to 100 mmHg (systolic blood pressure, 120-150 mmHg), using volume

and vasoactive drugs.22
STATISTICAL ANALYSIS
Distribution-free statistical methods were used to avoid

unrealistic functional assumptions; statistical routines, im-
plemented in the StatXact, LogXact (Cytel Software Corpo-
ration, Cambridge, Mass), R 3.6.1 (The Comprehensive R
Archive Network; http://www.R-project.org) and SPSS
24.0 (IBM Corp, Armonk, NY) statistical packages were
employed. Categorical variables were expressed as percent-
ages; continuous variables were expressed as the median
and interquartile range (IQR) (unless otherwise specified).
A 2-tailed permutation test was performed to test differ-
ences among continuous variables. The Fischer exact test
was used to test categorical variables. Mortality data were
analyzed using univariate and multivariate logistic regres-
sion with the response variable being 30-day mortality.
Multivariate models were applied to isolate the effect of
each factor adjusted for all other factors: a .05 level
(P< .05) was used as a screening criterion for selection
of candidate variables. To avoid problems created by multi-
collinearity, variables that were too highly correlated
among themselves were included at different times in
different models. A backwards procedure was used. A
Wald c2 test was used for testing the significance of individ-
ual coefficients. The results are reported as odds ratios (OR)
with 95% confidence intervals (CIs). Survival data were
analyzed with standard Kaplan–Meier actuarial techniques
for estimation of survival probabilities and freedom from
distal aortic progression requiring further treatment and
compared with log-rank tests. Median duration of follow-
up was calculated using the reversed Kaplan–Meier esti-
mator method. Cox proportional hazards regression, with
a backwards procedure, was used to determine independent
predictors of late death and distal aortic evolution requiring
further treatment. The probability for entry and removal
into the model was set to .05 and .10, respectively. Indepen-
dent predictor variables that contributed to the final multi-
variate model were considered significant risk factors if
the P value for improvement in c2 was .05 or less. ORs
and 95% CIs were reported to indicate the effect size.
RESULTS
A total of 146 patients underwent aortic arch replacement

for extensive thoracic or thoracoabdominal aortic diseases;
16 JTCVS Techniques c April 2021
54 (36.9%) women and 92 (63.0%) men with a median age
of 69.1 years (IQR, 59.5-75.0); 55 (37.6%) had acute
or chronic dissection with aneurysmal dilatation of the
false lumen, 91 (62.3%) had degenerative aneurysms, 45
(30.8%) involved redo operations (25 first redo, 14 second
redo, 6 third), and 14 (9.5%) had connective tissue disease
(Marfan syndrome, 8 with chronic dissection) (Table 1).
The procedure was planned in 114 patients (78.0%) and
urgent/emergent in 32 (21.9%). Eight emergent cases
included in the aneurysm group involved ruptured PAUs
treated with the Gelweave Siena graft and intraoperative
TEVAR before 2012 (before hybrid grafts became avail-
able); another 12 elective PAU cases were treated similarly.
In 43 cases, the goal of the ET arch replacement was to pro-
vide an adequate surgical or endovascular neck for the treat-
ment of downstream aortic aneurysm or dissection (even
in the absence of relevant aneurysmal arch size) (Table 2).
Mean aneurysm diameter (maximal dilatation) was
58.7 � 8.4 mm (range, 50-78). Concomitant operative pro-
cedures included root repair/replacement (n ¼ 30, 20.5%),
aortic valve surgery (n ¼ 14, 9.5%), and TEVAR (n ¼ 12,
8.2%) (Table 3). Early (30-day and in-hospital) mortality
rate after the index procedure was 10.9% (n ¼ 16) without
a significant difference between aneurysm (n ¼ 11) and
dissection patients (n ¼ 5) (P ¼ .18). Causes of death
included postoperative low cardiac output with multiorgan
failure (n ¼ 4); visceral ischemia (n ¼ 2); stroke (n ¼ 3);
lung infection/sepsis (n ¼ 4); and cardiac arrest/refractory
arrhythmia (n¼ 3) (Table 4). Another 2 patients died within
180 days of the index procedure (respiratory failure with
complications of tracheostomy and ventricular fibrillation
during dialysis). Major stroke occurred in 6 patients
(4.1%; fatal in 3), minor stroke in 2 (1.3%); temporary
cognitive dysfunction was 13% (19 patients). Paraparesis
occurred in 1 case after ET (0.6%). Results of univariate
analysis are reported in Table 5. A multivariate logistic
regression analysis model indicated that early mortality
was related with age at operation >70 years (P ¼ .02;
OR, 3.94; 95% CI, 1.74-3.2); postoperative stroke
(P ¼ .001; OR, 9.49; 95% CI, 2.93-30.65); combined
root and redo operations (P ¼ .05; OR, 3.58; 95% CI,
1.94-13.69); low cardiac output (P ¼ .013; OR, 3.09;
95% CI, 2.06-14.65); acute renal failure (P ¼ .004; OR,
8.13; 95% CI, 1.93-3.38).

Outcomes of Second-Stage and Further Operations
Of the 146 patients who underwent the ET procedure, 130

were discharged alive (10.9% overallmortality after ET); 11
patients (7.5%) died before the second stage (6 within
30 days of the index procedure); and 8 patients (5.4%)
received endovascular completion before in-hospital death
(Table 3). Three (2.3%) of the 130 patients discharged alive
after the index procedure died before second-stage comple-
tion, 16 of 130 (12.3%) were treated with open (descending

http://www.r-project.org


TABLE 1. Patient demographics and baseline characteristics

All Dissection Aneurysm

P valueN ¼ 146 n ¼ 55 n ¼ 91

Age, y 69.1 [59.5-75.0] 61.3 [50.9-71.5] 71.8 [65.3-78.0] <.001

Male/female 92/54 39/16 58/38 ns

EF (%) 56 [55-60] 56 [55-60] 56 [55-60] ns

Emergent/urgent 32 (21.9%) 21 (38.1%) 11 (12.0%) <.001

Elective 114 (78.0%) 34 (61.8%) 80 (87.9%) <.001

Redo surgery 45 (30.8%) 34 (61.8%) 11 (12.0%) <.001

Not first redo surgery 20 (13.6%) 17 (30.9%) 3 (3.2%) <.001

Marfan syndrome 14 (9.5%) 8 (14.5%) 6 (6.5%) ns

Difficult aortic anatomy* 9 (6.1%) 3 (5.4%) 6 (6.5%) ns

Smoking 66 (45.2%) 13 (23.6%) 53 (58.2%) <.0001

Diabetes 9 (6.1%) 1 (1.8%) 8 (8.7%) ns

Coronary disease 16 (10.9%) 2 (3.6%) 14 (15.3%) .018

Hypertension 104 (71.2%) 38 (69.0%) 66 (72.5%) ns

Dyslipidemia 52 (35.6%) 17 (30.9%) 35 (38.4%) ns

Peripheral arterial disease 34 (23.2%) 8 (14.5%) 26 (28.5%) .02

Previous vascular surgery 18 (12.3%) 4 (7.2%) 14 (15.3%) ns

Dialysis 3 (2.0%) 0 (0%) 3 (3.2%) ns

Preoperative stroke 10 (6.8%) 6 (10.9%) 4 (4.3%) ns

COPD 38 (26.0%) 5 (9.0%) 33 (6.2%) <.0001

Pulmonary hypertension 8 (5.4%) 1 (1.8%) 7 (7.6%) ns

EuroSCORE I 10 [7-11] 10 [7-11] 10 [7.5-11.5] ns

Values are n (%) or median [interquartile range]. ns, Not significant; EF, ejection fraction; COPD, chronic obstructive pulmonary disease. *Kommerell diverticulum, right aortic

arch.
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aorta) surgical repair (OSR), 19 of 130 (14.6%) did not
require a second stage due to satisfactory thrombosis of
the false lumen, 3 were considered unfit for further treat-
ment, 1 is waiting for an operation, and 1 was lost to
follow-up before completion. In addition to 12 TEVARs per-
formed as part of the index procedure, 34 were performed
within a week, meaning that 66.4% of patients (97/146)
had second-stage TEVAR (Table 6). The median interval
from index procedure to second stage (OSR or TEVAR)
was 65 days (IQR, 19-182). Eighteen patients (n ¼ 15,
15.4%, TEVAR and n ¼ 3, 18.7%, OSR) subsequently
required a graft extension (third-stage TEVAR).
TABLE 2. Indications for treatment of 146 patients who underwent the el

Class type (n) Indication

Dissection (n ¼ 55) Type A acute

Type A residual

Type B

Aneurysm (n ¼ 91) Distal arch þ thoracic aneurysm

Distal arch þ thoracoabdominal aneurys

Arch aneurysm þ thoracic aneurysm

Arch aneurysm þ thoracoabdominal ane

Arch penetrating aortic ulcer
There were 6 early deaths after the second stage (3 OSR,
3 TEVAR; P ¼ .03); causes of death were cardiac failure/
low cardiac output (n ¼ 2) and pneumonia, intractable
lung bleeding, left renal rupture with retroperitoneal hema-
toma, and subsequent multiorgan failure and sepsis (n ¼ 1
in each case). Another 4 patients died within 180 days of
the second stage (1 OSR, 3 TEVAR; P ¼ .33).
No stroke was observed after the second-stage proced-

ures. Paraplegia/paraparesis occurred in 12 patients (2
OSR, 10 TEVAR; P ¼ .30); 8 patients with paraplegia
had a branched graft implanted; this rate of paraplegia
was significantly greater compared with those who received
ephant trunk procedure

n (%) Notes

7 (12.7)

34 (61.8)

14 (25.4)

2 post-traumatic

Neck creation

m

urysm

20 (21.9)

9 (9.8)

17 (18.6)

25 (27.4)

20 (21.9)

Neck creation

Neck creation

1 aortitis

All before April 2012
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TABLE 3. Operative and second-stage details of 146 patients who underwent the elephant trunk procedure

Index procedure

All Dissection Aneurysm

P valueN ¼ 146 n ¼ 55 n ¼ 91

TEVAR (intraoperatively) 12 (8.2%) 2 (3.6%) 10 (.9%) ns

CABG 9 (6.1%) 1 (1.8%) 8 (8.7%) ns

Aortic valve surgery 14 (9.5%) 4 (7.2%) 10 (10.9%) ns

Root replacement or repair 30 (20.5%) 13 (23.6%) 17 (18.6%) ns

Vertebral artery from arch 12 (8.2%) 2 (3.6%) 10 (10.9%) ns

CPB time, min 173 [145-209] 179 [144-218] 173 [147-201] ns

HCA time, min 39 [33-51] 45 [38-54] 36 [32-50] ns

Crossclamp time, min 100 [75 -121] 97 [77-119] 100 [75-119] ns

SAT patency (postoperative)

Carotid branch closure 1 (0.6%) 1 (1.8%) 0 (0%) ns

Subclavian branch closure 2 (1.3%) 1 (1.8%) 1 (1.0%) ns

Blood loss, mL 300 [150-450] 275 [150-400] 310 [200-500] ns

Transfusion, units 5 [2-9] 4.5 [2-6] 5 [3-10] ns

Mechanical ventilation, h 48.0 [19.6-113.9] 34.8 [17.0-125.0] 56.1 [23.0-109.6] ns

Intensive care, d 5 [3.5-8.3] 4.8 [3.5-8.6] 5.0 [3.7-7.3] ns

Second stage

Died before second stage 11 (7.5%) 4 (7.2%) 7 (7.6%) ns

No second stage 29 (19.8%) 17 (30.9%) 12 (13.1%) .006

Not necessary 19 (13.0%) 16 (20.9%) 3 (3.2%) <.0001

Pending 1 (0.6%) 0 (0%) 1 (1.0%) ns

Unfit 3 (2.0%) 0 (0%) 3 (3.2%) ns

Lost to follow-up 1 (0.6%) 0 (0%) 1 (1.0%) ns

Surgical second stage 16 (10.9%) 6 (10.9%) 10 (10.9%) ns

Thoracoabdominal 10 (6.8%) 5 (9.0%) 5 (5.4%) ns

Thoracic 6 (4.1%) 1 (1.8%) 5 (5.4%) ns

Endovascular second stage 97 (66.4%) 29 (52.7%) 68 (74.7%) .003

Third stage/stent-graft extension 18 (12.3%) 5 (9.0%) 13 (14.2%) ns

Values are n (%) or median [interquartile range]. TEVAR, Thoracic endovascular aortic repair; ns, not significant; CABG, coronary artery bypass grafting;CPB, cardiopulmonary

bypass; HCA, hypothermic circulatory arrest; SAT, supra-aortic trunk.
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1 or more straight stent-grafts (P<.0001); in comparison
with patients who received surgical thoracoabdominal
replacement, the paraplegia rate was not significantly
different (2/10 vs 8/23; P ¼ .2). Delayed paraplegia was
the prominent presentation, which occurred in 9 patients
(median postoperative day 2, range 1-8).

The stent-grafts used to “freeze” the Siena grafts (alone
or in combination with other devices) were Terumo Aortic
Relay in 44 patients, Cook Zenith (n ¼ 24), Jotec custom-
made (n ¼ 22); Gore C-TAG (n ¼ 16), Cook T-BRANCH
(n ¼ 7), Cook custom-made (n ¼ 5), Endomed Endofit
(n ¼ 4), and Medtronic Talent (n ¼ 1). Within the TEVAR
group, branched grafts were used in 35 patients (n ¼ 25 at
second stage, n ¼ 10 at third stage); straight grafts were
used in 79 patients (n ¼ 72 at second stage, n ¼ 7 at third
stage, with an average number of 1.77 stent-grafts per pa-
tients and a median length covered (measured on the aortic
centerline) of 182 mm (IQR, 155-338 mm). Further
18 JTCVS Techniques c April 2021
reinterventions were indicated for aneurysm progression
(n ¼ 12) or type Ib endoleaks (n ¼ 5).

Follow-up Outcomes
Follow-up was 99.3% complete; 1 patient was lost to

follow-up 5 years after the index procedure. Median
follow-up was 5.7 years (IQR 1.8-9.5 years; range, 0-18.0
2); median survival was 16.6 years (95% lower confidence
limit [LCL], 10.0 years) without a significant difference be-
tween aneurysm and dissection patients (P ¼ .63);
16.6 years (95% LCL 10.0 years) versus 10.7 years (95%
LCL 9.3 years). Figure 2 shows the Kaplan–Meier estimates
for overall survival after ET: 75.2% (95% CI, 67.7%-
83.5%) at 5 years; 64.2% (95% CI, 53.6%-76.8%) at
10 years; and 52.8% (95% CI, 39.7%-70.3%) at 15 years.
For patients with aneurysm (n¼ 91), survival estimates at 5,
10, and 15 years were: 74.8% (95% CI, 65.4%-85.5%),
68.3% (95% CI, 56.6%-82.3%), and 63.0% (95% CI,



TABLE 4. Outcomes of 146 patients who underwent the elephant trunk procedure

All Dissection Aneurysm

P valuen ¼ 146 n ¼ 55 n ¼ 91

30-d mortality 16 (10.9%) 5 (9.0%) 11 (12.0%) ns

Mortality 30-180 d 2 (1.3%) 1 (1.8%) 1 (1.0%) ns

Paraplegia

After index elephant trunk 1 (0.6%) 1 (1.8%) 0 (0%) ns

After second-stage TEVAR 10 (6.8%) 3 (5.4%) 7 (7.6%) ns

After second-stage OSR 2 (1.3%) 0 (0%) 2 (2.1%) ns

Major stroke 6 (4.1%) 3 (5.4%) 3 (3.2%) ns

Minor stroke 2 (1.3%) 0 (0%) 2 (2.1%) ns

Cognitive dysfunction/delirium 19 (13.0%) 8 (14.5%) 11 (12.0%) ns

Renal failure/dialysis 20 (13.6%) 6 (10.9%) 14 (15.3%) ns

Respiratory insufficiency 54 (36.9%) 26 (47.2%) 28 (30.7%) .01

Lung infection/positive BAL 19 (13.0%) 5 (9.0%) 14 (15.3%) ns

Sepsis 5 (3.4%) 3 (5.4%) 2 (2.1%) ns

Tracheostomy 16 (10.9%) 4 (7.2%) 12 (13.1%) ns

Perioperative myocardial infarct 1 (0.6%) 1 (1.8%) 0 (0%) ns

Cardiac arrest 10 (6.8%) 6 (10.9%) 4 (4.3%) ns

Cardiac failure/low cardiac output 26 (17.0%) 11 (20%) 15 (16.4%) ns

Atrial fibrillation 36 (24.6%) 13 (23.6%) 23 (25.2%) ns

Visceral ischemia 3 (2.0%) 1 (1.8%) 3 (3.2%) ns

Sternal re-entry 17 (11.6%) 7 (12.7%) 10 (10.9%) ns

Delayed closure* 17 (11.6%) 9 (16.3%) 8 (8.7%) ns

Values are n (%). ns, Not significant; TEVAR, thoracic endovascular repair; OSR, open surgical repair; BAL, bronchoalveolar lavage. *Mediastinal packing for bleeding or tem-

porary ventricular dysfunction.
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49.4%-80.4%); for dissection patients (n ¼ 55), survival
estimates were 75.4% (95% CI, 63.4%-89.7%) at 5 years
and 56.6% (95% CI, 38.6%-83.3%) at 10 years (Figure 3).
The log-rank test did not show significant differences
between the survival rates of the 2 groups over time
(P ¼ .45). Figure 4 shows no statistically significant differ-
ences in survival after ET according to treatment (OSR vs
TEVAR vs classical, unstented or “soft” ET) (P¼ .18): me-
dian survival after surgical second step was over 15 years
(25th percentile, 9.61 years) versus TEVAR, 16.65 years
(25th percentile, 9.36 years) and unstented (soft) 6.02 years
(25th percentile, 3.74 years). Kaplan–Meier estimates for
OSR were 5 and 10 years 93.8% (95% CI, 82.6%-
100%) and 59.7% (95% CI, 32.2%-100%) at 15 years;
for TEVAR 77.7% (95% CI, 68.5%-88.0%), 73.4%
(95% CI, 62.0%-89.9%), 61.3% (95% CI, 45.3%-
83.1%), respectively at 5, 10, and 15 years. For unstented
(soft) ET at 5 years, it was 67.8% (95% CI, 44%-100%).
There were 24 late deaths: 11 in the dissection group and
13 in the aneurysm group. The causes of death were
aortic-related in 11 patients (5 in the dissection group)
and unrelated to aortic condition in 10 patients (unknown
in 3 cases). In detail, vascular-related fatal complications
included 3 iliac ruptures (2 dissection patients); late stent
graft–induced intimal new entry (SINE) with malperfusion
(1 dissection patient); 1 ruptured coronary artery button
pseudo-aneurysm; one innominate artery rupture (dissec-
tion); 3 thoracic aneurysm rupture for persisting endoten-
sion/endoleak; 1 surgical graft infection (aneurysm); 1
aortoesophageal fistula (aneurysm), and 1 thrombosis of
iliac branch resulting in limb necrosis (aneurysm).
Figure 5 illustrates the Kaplan–Meier curves of freedom
from reintervention after ET completion (OSR vs TEVAR;
P ¼ .86). Figure 6 illustrates the Kaplan–Meier curves of
freedom for reintervention after ET completion (dissection
vs aneurysm patients; P ¼ .39). Further treatments were
indicated for aneurysm progression (n¼ 13) and type Ib en-
doleaks (n ¼ 4). The Kaplan–Meier analysis included only
major interventions. Freedom from further treatment was
87.0% (n ¼ 11) (95% CI, 79.9%-94.7%) at 5 years and
71.4% (95% CI, 71.4%-84.7%) at 10 years. In patients
who had reintervention, the median time to reintervention
was 2.59 years (IQR, 0.52-5.20 years) with no difference
(P¼ .22) between dissection and aneurysm groups. Among
the 17 patients who required further major treatment, 10
received branched stent-grafts and 7, standard stent-grafts.
JTCVS Techniques c Volume 6, Number C 19



TABLE 5. A univariate analysis of perioperative risk factors on operative mortality

Risk factor

Operative death (30 d) Univariate analysis

Yes* (n ¼ 16) No* (n ¼ 130) P Odds ratio (95% CI)

Female sex 6 (11.1%) 48 (88.9%) ns

Male sex 10 (10.9%) 82 (89.1%) ns

Age, y 73.2 (70.8.-79.6) 67.5 (57.3-74.9) .04 1.056 (0.999-1.117)

Age>70 y 12 (16.7%) 60 (83.3%) .02 3.50 (1.07-11.42)

Aneurysm 11 (12.1%) 80 (87.9%) ns

Dissection 5 (9.1%) 50 (90.9%) ns

Marfan syndrome 0 14 (100%) ns

Body surface area, m2 1.84 (1.67-2.17) 1.89 (1.73-2.01) ns

Thoracoabdominal extension 9 (11.5%) 69 (88.5%) ns

Redo surgery (all) 6 (13.3%) 39 (86.7%) ns

Root surgery 5 (16.7%) 25 (83.3%) ns

Redo and root surgery 4 (25.0%) 12 (75.0%) .05 3.28 (0.91-11.76)

Intraoperative second-stage 2 (10.0%) 18 (90%) ns

Hypertension 7 (6.7%) 97 (93.3%) .013 0.26 (0.09-0.77)

Nicotine abuse 10 (15.1%) 56 (84.8%) ns

Dyslipidemia 3 (5.8%) 49 (94.2%) ns

Diabetes 1 (11.1%) 8 (88.9%) ns

Ejection fraction (%) (continuous) 55 (52.5-60.0) 60 (55-60) ns

Ejection fraction (<40%) 3 (30.3%) 7 (70.0%) ns

Recent MI 0 3 (100%) ns

Peripheral arterial disease 6 (17.6%) 28 (82.3%) ns

Urgent/emergent 9 (28.1%) 23 (71.9%) .002 6.54 (2.21-19.34)

Plasma creatinine>2.5 mg/dL 2 (12.5%) 14 (87.5%) ns

Plasma creatinine, mg/dL (continuous) 1.3 (1.1-1.6) 1.0 (0.8-1.1) .008 1.66 (0.82-3.33)

Preoperative stroke 2 (20.0%) 8 (80.0%) ns

Preoperative neurologic dysfunction 1 (16.7%) 5 (83.3%) ns

COPD 2 (5.3%) 36 (94.7%) ns

EuroSCORE I 10 (6.7-11.7) 10 (7.0-11.0) ns

1 postoperative complication 14 (14.0%) 86 (86.0%) ns

>1 postoperative complication 14 (19.4%) 58 (80.6%) .001 8.69 (1.89-39.79)

Delayed closure 4 (23.5%) 13 (76.5%) ns

Sternal re-entry 5 (20%) 20 (80%) ns

Sternal re-entry cardiac causes 2 (40%) 3 (60%) ns

Low cardiac output 7 (26.9%) 19 (73.1%) .01 4.54 (1.51-13.67)

Vasoactive drugs>48 h 6 (25.0%) 18 (75.0%) .02 3.73 (1.21-11.53)

Perioperative MI 0 0 ns

Cardiac arrest 6 (60%) 4 (40%) <.0001 18.90 (4.57-78.16)

Atrial fibrillation (new onset) 7 (19.4%) 29 (80.6%) ns

Paraplegia after ET 0 1 (100%) ns

Major stroke 3 (50%) 3 (50%) .018 14.65 (2.24-95.84)

Minor stroke 0 2 (100%) ns

Postoperative renal failure 9 (45.0%) 11 (55.0%) <.0001 13.91 (4.34-44.59)

Severe pulmonary dysfunction 4 (7.4%) 50 (92.6%) ns

(Continued)
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TABLE 5. Continued

Risk factor

Operative death (30 d) Univariate analysis

Yes* (n ¼ 16) No* (n ¼ 130) P Odds ratio (95% CI)

Postoperative peripheral embolism 3 (50%) 3 (50%) .018 14.65 (2.24-95.84)

Tracheostomy 2 (12.5%) 14 (87.5%) ns

Sepsis 2 (40%) 3 (60%) ns

Severe pulmonary infection 4 (21.1%) 15 (78.9%) ns

Positive blood cultures 1 (25.0%) 3 (75.0%) ns

Intestinal ischemia 2 (66.7%) 1 (33.3%) .033 18.43 (1.57-216.35)

CPB time, min 175 (148-211) 173 (144-209) ns

HCA time, min 37 (32-52) 40 (33-51) ns

Crossclamp time, min 105 (84-137) 100 (75-121) ns

Minimum hemoglobin, g/dL 7.4 (6.8-7.9) 7.7 (6.9-8.5) ns

Bladder temperature (minimum), �C 25.9 (25.2-27.7) 26 (25-27.3) ns

Blood loss postoperative, mL 200 (100-400) 300 (150-480) ns

Mechanical ventilation, h 109 (65-149) 38 (19-108) ns

Intensive care, d 4.8 (2.8-8.8) 5.0 (3.6-8.3) ns

Plasma lactate, mmol/L 5.4 (4.1-6.8.8) 5.2 (4.2-6.6) ns

Data are reported as the median and IQR for continuous variables and counts and percentage for categorical variables unless otherwise noted. CI, Confidence interval; ns, not

significant;MI, myocardial infarction; COPD, chronic obstructive pulmonary disease; EuroSCORE, European System for Cardiac Operative Risk Evaluation; ET, elephant trunk

technique; CPB, cardiopulmonary bypass; HCA, hypothermic circulatory arrest; IQR, interquartile range. *Percentage of those with risk factor.

Neri et al Adult: Aorta
No patients needed surgical explant; one chimney
graft was used to treat late dilatation of visceral vessels
button in a patient undergoing OSR. Minor interventions
included 1 case of visceral (left renal) branch thrombosis
and 1 case of iliac limb graft occlusion, both managed
with endovascular techniques and no clinical sequelae;
visceral branch endoleaks occurred for distal disconnec-
tion in 2 cases and they were relined. There were 13
type II endoleaks, which required collateral embolization
and/or iliac extensions.

CT follow-up showed sac shrinkage in only 12 patients
(exclusively with dissection); significant sac enlargement
was seen in 22 patients, all of whom had undergone further
treatment with stent-grafts or endoleak treatment. In the re-
maining cases the lesions were stable. Cox regression
models based on perioperative factors failed to indicate pre-
dictors of late death and of reoperation.

DISCUSSION
Diffuse aneurysmal disease is the consequence of various

conditions that include chronic aortic dissection, inheritable
pathologies of the connective tissue such as Marfan syn-
drome, and mega-aorta syndrome due to medial degenera-
tive diseases.2 The ET technique, first described by Borst
and colleagues23 in 1983, represents one of the most signif-
icant breakthroughs of modern aortic surgery. The rapid
development of endovascular techniques subsequently re-
sulted in unprecedented advances in vascular surgery.24,25

The principle of the Siena graft was to combine both surgi-
cal and endovascular advances to reduce procedural risks of
all steps of repair and to expand the possibilities to treat
challenging lesions involving the arch and the descending
aorta. Hybrid grafts (such as Thoraflex Hybrid; Terumo
Aortic) are standard only in limited aortic disease. In Siena,
between December 2012 and January 2020, 76 patients
received hybrid grafts: there were 33 dissections (28
chronic and 5 acute type A) and 43 were aneurysms (31
aortic arch penetrating ulcers); 66 patients were discharged
alive from the hospital; only 27 patients, with limited aortic
lesions, required no further endovascular extensions. We
observed 3 cases with paraplegia after initial implant
(none had a dissection), 3 cases of in graft-thrombosis (1
died), and 1 patient, with acute dissection, developed distal
SINE tear, which determined visceral malperfusion and
death. All these complications were quite unusual for tradi-
tional grafts and induced us to reconsider our initial opti-
mism and reflect about the role of hybrid grafts: they are
now reserved as primary indication, to lesions of limited
extent, mainly PAUs or short aneurysm, that do not require
further stent grafts; In addition, they are employed in partic-
ular anatomic configurations where a stented graft in the de-
scending aorta may help further treatments. For dissection,
either acute or chronic, hybrid grafts are not our first choice.
Therefore, the unstented Siena graft remains essential for
extensive lesions that require second-stage completion.26

In our experience, 47.4% of patients completed with TE-
VAR required more than 1 stent-graft and that the total
length covered was longer than the maximal length covered
by the stented portion of hybrid devices. Another advantage
of the Siena graft is the creation of a reliable proximal neck
JTCVS Techniques c Volume 6, Number C 21



TABLE 6. Outcomes after 114 endovascular procedures following the elephant trunk procedure

All Dissection Aneurysm P value

All major endovascular procedures 114 33 81 .03

Planned second-stage completion 97 (85.0%) 29 (87.8%) 68 (83.9%) ns

Branched/chimney 25 11 14 .04

Standard stent-graft 72 18 54

Third-stage and extensions 17 (14.9%) 4 (12.1%) 13 (16.0%) ns

Branched stent-graft 10 3 7 ns

Standard stent-graft 7 1 6

Treatment with standard stent-grafts (second and third stages only) 79 (69.2%) 19 (57.5%) 60 (74.0%) .04

Stent-graft units per patient (straight)

1 30 9 20 ns

2 40 3 23 .05

3 13 2 11 ns

Mean number of grafts per patients 1.77 1.61 1.83 .02

Straight stent-graft length, mm 216 [155-338] 155 [100-209] 265 [199-345] .006

Length covered from collar, mm 182 [154-214] 168 [155-197] 184 [154-214] .001

Median stent-graft diameter, mm 34 [30-40] 28 [26-32] 34 [31-42] <.001

Treatment with branched stent-graft (any stage) 35 (30.7%) 14 (42.2%) 21 (25.9%) .01

Custom-made 27 7 20 .003

Off-the-shelf 7 7 0 <.001

Chimney 1 0 1 ns

Antegrade/one-step procedure 12 2 10 ns

Fenestration (second stage) 18 18 – –

Standard stent-graft þ fenestration 8 8 – –

Branched stent-graft þ fenestration 10 10 – –

Fenestration (third stage/extension) 4 4 –

With standard stent-graft 1 1 – –

With branched stent-graft 3 3 – –

Reinterventions

Thoracic/thoracoabdominal 17 4 13 ns

Standard stent graft 7 1 6 –

Branched stent graft 10 3 7 –

Abdominal/iliac 31 12 15 .02

Renal/visceral 5 3 1 .06

Minor endoleak 15 6 9 ns

Other peripheral 10 4 6 ns

Visceral branch complications 5 2 3 ns

Values are n (%) or median [interquartile range]. ns, Not significant.
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or landing zone for subsequent endovascular/surgical repair
in lesions involving the distal arch with low procedural
morbidity and a reduced rate of neurologic complications.27

This expanded ET concept means that lesions traditionally
requiring thoracoabdominal incisions (and possibly circula-
tory arrest) are amenable to treatment through median ster-
notomy (29% of patients in this series). Our experience in
dissection patients demonstrates that redirecting the arterial
flow into the true lumen, resolving the arch reentries by arch
replacement, and using the distal “soft” portion of the graft
to cover lesions on the proximal part of the flap in the de-
scending aorta, can result in the spontaneous thrombosis
22 JTCVS Techniques c April 2021
of the false lumen (19 patients with chronic dissection in
this cohort). In connective tissue diseases, this classic ET
(unstented or “soft”) may represent an advantage, leaving
open the possibility of a traditional completion of repair
with the surgical polyester trunk. The Gelweave Siena
collared graft represents a platform for further interventions
without imposing a definitive choice for completion (endo-
vascular or surgical). In dissected aortas, the difficulties
advancing the graft inside compressed true lumens are
easily overcome using a Goose neck device inserted from
a femoral artery. Even with protective protocols, paraplegia
or paraparesis are feared complications; despite early
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optimism that endovascular techniques might reduce risk,
extensive aortic coverage was associated with an incidence
of spinal cord ischemia comparable with complex thoracic
or thoracoabdominal surgical repair.28 Our series confirms
these findings. Endovascular completion using straight
stent-grafts above the celiac trunk was associated with
a very low incidence of paraplegia (2 patients), whereas
with branched stent-grafts, spinal cord ischemia (mostly de-
layed paraplegia) occurred in 8 patients despite routine CFS
drainage. Stent-grafts result in sudden, complete occlusion
of a large number of segmental vessels, and this occurs at
relatively normothermic temperatures.18 Therefore, we
favored from the beginning, staged procedures, with the
treatment of the most critical segments of the aorta. Further-
more, persistent perfusion of the false lumen the presence of
endoleaks appears to be protective against paraplegia in pa-
tients with complete aortic endovascular coverage so, un-
less necessary for aortic dimensions or impending rupture,
we have adopted the policy of leaving a deliberate, tempo-
rary “endoleak” via an unconnected branch, and delay
branching the visceral arteries. Recently, we have used
custom-made designs to include a fifth branch for sac
24 JTCVS Techniques c April 2021
perfusion (the so-called “paraplegia prevention branch”),
which is closed percutaneously with a plug at least 1 month
after the main procedure.29 The choice of the TEVAR pros-
thesis did not affect survival, nor the incidence for repeat
procedure. Our rule is that it is the patient’s anatomy that
guides the selection of devices; at the beginning of this
experience, devices were few and certain features were
not available; recently, the market has become more mature
with increased choice for individual planning, especially for
branched and custom-made prostheses. Off-shelf prosthe-
ses have the advantage of being quickly available and
have so far been represented by only one model.

Our series contains a small number of patients who un-
derwent arch replacement for acute dissection using the
Siena graft. Beyond the debate about more extensive
arch approach, the principal reason is that in dissections
requiring arch replacement we prefer to use 2 different
grafts, one for the ET and one for the arch, given that
the collar offers no technical advantage in small and
fragile aortas; more recently, we have adopted other
techniques such as intimal relayering for arch repair
dissection.30
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Marfan syndrome and other connective tissue disorders
are commonly considered contraindications for endovascu-
lar surgery; in our series, there were 14 patients withMarfan
syndrome (8 chronic dissections and 6 aneurysms) who had
undergone arch replacement: of these, only 6 underwent
surgical completion; the remaining were treated with
endovascular devices. Six dissection patients underwent
extensive fenestration of the flap, with implantation of
branched grafts and bifurcated aortoiliac extensions. Prox-
imal landing zone for endovascular devices was the Dacron
ET. Two subjects with aneurysms were treated respectively
with a straight graft above the diaphragm and a custom-
made branched graft; in both cases, treatment was a
personal choice of the patient. Clinical follow-up was un-
complicated, and no reoperation was recorded. Our limited
experience does not authorize any conclusion on the use of
these devices, and the results, although satisfactory, do not
allow us to suggest its use in this patient population; our
perception is that, in subjects with connective tissue disease,
extensive fenestrations and a prosthetic proximal landing
zone may overcome the most common complications
of aortic stent graft placement, such as SINE or
endovascular-induced neck dilatation.

The presented series includes 17 patients (Table 4) who
had undergone delayed sternal closure and mediastinal
packing. The indication was mainly a persistent nonsurgical
bleeding for coagulation disorders; only 3 had right ventric-
ular failure with difficulties of sternal reapproximation.
Packing is obtained with a technique31 developed by us,
which involves the use of polyurethane open cell foam, vac-
uum, and adhesivemembranes; applied for a short period (6-
18 hours), this method appears to effectively reduce blood
loss, transfusion requirements, sternal re-exploration, and
mediastinal infections.

CONCLUSIONS
Aortic arch replacement, using appropriate devices with

current methods of cerebral protection and less-invasive
perfusion techniques, has reached a phase of technical
maturity, robust reproducibility, safety, and widespread
adoption. The Siena graft is a reliable method for complex
aortic pathologies and has some advantages over the hybrid
devices. The Siena graft remains an important treatment op-
tion catering to different pathologies and surgical tech-
niques providing comprehensive solutions for the surgeon
and patient. The breakthrough of endovascular devices
and ancillary techniques observed in recent years expands
the role of ET procedures in the settings of complex aortic
treatment strategies.

Beyond any technical consideration, in this patient popu-
lation, a rigorous follow-up is necessary and represents
an essential tool to ensure these patients the right times
and the best interventions for the management of their
conditions.
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