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Male, 66-year-old

Aortic arch aneurysm e giant ruptured aortic arch and descending aneurysm
Abdominal pain ¢ chest pain ¢ hypotension ¢ shock

Endovascular treatment e triple arch branch repair

Surgery

Unusual clinical course

This case report presents a groundbreaking approach to treating a giant ruptured aortic arch aneurysm in a
patient who previously underwent endovascular aneurysm repair (EVAR).

A 66-year-old man was admitted for surgical intervention due to a ruptured aortic arch aneurysm. He presented
with shock, hypotension, hemorrhage into the left pleura, and chest and abdominal pain. He had a history of
EVAR 10 years prior. An urgent computed tomography angiography revealed a ruptured aortic arch aneurysm,
12 cm in diameter, with a descending thoracic aorta segment with features of rupture to the pleura, displacing
the trachea, and compressing the left main bronchus. The diameter of the ascending aorta was within normal
limits and the abdominal aorta was slightly dilated, with the right stent-graft leg ending in a right common il-
iac artery aneurysm. As a result, the patient was deemed ineligible for cardiac surgery and qualified for an en-
dovascular procedure, which involved a triple-branched total endovascular arch repair, showcasing significant
technical innovation. A right-sided iliofemoral graft was performed with a vascular prosthesis. Completion an-
giography demonstrated patent branches and successful exclusion of the aneurysm. Despite intensive care fol-
lowing the operation, growing multiorgan failure associated with the patient’s multiple concomitant diseases
contributed to his eventual death.

The case highlights the feasibility and effectiveness of this advanced technique in managing complex aortic pa-
thologies, even in patients with prior interventions. The importance of this method as a viable option for com-
plicated cases is emphasized, offering insights into potential improvements in patient outcomes.

Aneurysm, Aortic Arch ¢ Aneurysm, Ruptured ¢ Aortic Aneurysm, Abdominal ¢

Aortic Aneurysm, Thoracic ¢ Aortic Rupture ¢ Dissection, Thoracic Aorta ¢

Endovascular Aneurysm Repair ¢ Endovascular Procedures ¢ Vascular Surgery
https://www.amjcaserep.com/abstract/index/idArt/952409

%2594 E‘El— MZIS %31

Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be
made by its manufacturer, is not guaranteed or endorsed by the publisher

This work is licensed under Creative Commons Attribution- 1 Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) [Web of Science by Clarivate]


https://orcid.org/0009-0005-6343-058X
https://orcid.org/0000-0003-3541-4011
https://orcid.org/0000-0002-3012-2215
https://orcid.org/0000-0002-6203-5028
https://orcid.org/0000-0001-5542-3404

APPROVED GALLEY PROOF

Introduction

Open surgical repair serves as the established standard of
care for managing aortic arch aneurysms. Nevertheless, pa-
tients presenting with significant comorbidities could derive
advantages from a minimally invasive strategy. A total arch
replacement, which requires sternotomy, cardiopulmonary
bypass (extracorporeal circulation), and deep hypothermic
circulatory arrest remains the established standard of care
for managing aortic arch aneurysms [1,2]. However, accord-
ing to studies, the 1-year mortality rate following total arch
replacement for aortic aneurysm is roughly 81%, compared
with the almost 92% 30-day mortality rate associated with
such risk factors as stroke, respiratory failure, renal failure,
and bleeding reoperation [3,4]. These elements emphasize
how crucial it is to thoroughly evaluate risks and take the
patient’s general health into account before performing sur-
gery. Elderly patients presenting with several significant co-
morbidities, who are not candidates for open surgery, could
potentially benefit from a minimally invasive endovascular
strategy [5], facilitated by advanced technologies, including
the hybrid aortic arch replacement and implementation of
branched aortic arch stent grafts [6]. Performing thoracic en-
dovascular aortic repair (TEVAR) in patients who have previ-
ously undergone endovascular aortic repair (EVAR) introduces
unique technical and clinical challenges, primarily stemming
from increased aortic stiffness, reduced vascular access op-
tions, and a higher risk of spinal cord ischemia [31]. This in-
stance demonstrates that the final therapy modality is not
just a novel approach but may also prove to be the sole via-
ble management alternative in patients with ruptured unrec-
ognized thoracic aortic aneurysms (TAAs), which show a gen-
eral mortality of over 90% [10].

Case Report

A 66-year-old man was admitted from the emergency depart-
ment, for surgical intervention, due to a ruptured aortic arch
aneurysm, with signs of shock (confusion, hemoglobin level of
5.8 g/dL, oliguria), hypotension (blood pressure of 85/60 mmHg
with a pulse of 55 beats per minute), and reported chest and
abdominal pain. Admission lactate level was 5.8 mmol/L; ref-
erence range: 0.5-1.5 mmol/L, eGFR level was 10 and serum
creatinine level was 5.32. On auscultation, there was a muf-
fled murmur over the left lung.

The patient had a history of hypertension, nicotinism, and en-
dovascular treatment of ruptured abdominal aortic aneurysm
(EVAR), 10 years prior. After the EVAR, he failed to make an
appointment for any medical follow-up visits, although a fol-
low-up was supposed to take place once a year. This follow-up
was also supposed to include an assessment of the thoracic
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Figure 1. The emergency CT scan, showing visible giant
aneurysm with rupture to the pleura. CT, computed
tomography.

aorta via computed tomography (CT) scan. He had not been
diagnosed with Marfan syndrome, Ehlers-Danlos syndrome, or
any other genetic connective tissue disorders.

Morphine (5 mg) was administered twice, subcutaneously.
Intravenous and intra-arterial lines were inserted. Through
these, 500 mL of Gelaspan and a continuous infusion of
0.15 pg/kg/min of noradrenaline were administered. In addi-
tion, 2 doses of 500 mL of Optylite solution were administered,
as well as 3 units of red blood cells (RBCs), after which blood
pressure improvement was achieved. Oxygen was continuous-
ly supplemented via a simple face mask (flow rate 10 L/min)
and limb warming was used to manage hypothermia.

An emergency CT scan (Figure 1) and computed tomography
angiography (CTA) of the aorta revealed a >12 c¢m in diame-
ter aortic arch aneurysm including an initial segment of the
descending thoracic aorta with a free rupture, hematoma in
the left pleura, displacement of the trachea, and compression
of the left main bronchus. The 3-dimensional reconstruction
(Figure 2) showed an abdominal stent graft that had been
previously implanted into the ruptured abdominal aortic an-
eurysm. The abdominal aorta was slightly dilated in the post-
EVAR section, with the right stent-graft leg ending in a right
common iliac artery aneurysm, with a diameter of 35 mm.
Fluid was also visible in the pericardial sac, calcifications in
the coronary arteries, and hypodense changes in the kidneys.

The departing brachiocephalic trunk (BCT), left common carot-
id artery (LCCA), and left subclavian artery (LSA) (compressed
in the initial segment) were patent (Figure 3). The non-aneu-
rysmal ascending aorta was approximately 26 mm in diame-
ter, ie suitable for endovascular treatment in the form of stent
graft implantation — providing an appropriate landing zone.
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Figure 2. A 3-dimensional reconstruction of a CTA, including
a giant arch and descending aneurysm and an
abdominal stent graft previously implanted into the
ruptured abdominal aortic aneurysm. CTA, computed
tomography angiography.

After a cardiac surgery consultation, the patient was deemed
ineligible for open surgical repair owing to the elevated pro-
cedure risk associated mainly with his unstable general con-
dition (shock) and significant comorbidities. These conditions
conferred an excessively high risk of death associated with ex-
tracorporeal circulation induction. Due to these issues and his
suitable anatomy, he was qualified by vascular surgeons (who
had been asked for their advice) for endovascular treatment
- implementation of a triple arch branch stent graft. Previous
EVAR, as a treatment for rupture of an abdominal aortic an-
eurysm that was 68 mm in diameter, resulted in the imple-
mentation of a bifurcated Zenith Flex AAA Endovascular Graft
(Cook Medical, Bloomington, IN, USA). Running the system via
its branches was a technical challenge, especially due to ath-
erosclerosis of the iliac arteries and the significant size of the
implanted catheter — 24 Fr (8 mm) combined with the dimen-
sions of the stent-graft legs — 11 mm and 12 mm. Initial at-
tempts to introduce the system through the branches were in-
effective due to snagging on material in the vessel. However, it
was made achievable by the use of dilators and 2 Lunderquist
Extra Stiff Wire Guides (Cook Medical, IN, USA); one maintaining
the shape of the vessel and the other inserting the arch branch
system, in parallel to the rigid one and approaching through
the right axillary artery. Intraoperative imaging revealed that
the diameter of the aneurysm was even larger than previous-
ly indicated by CT and was approximately 14 cm.
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Figure 3. Computed tomography showing 3 vessels departing
from the ruptured aneurysm: brachiocephalic trunk
(BCT), left common carotid artery (LCCA) and left
subclavian artery (LSA). Measured dimensions of
the aortic segments: ascending aorta (orange mark),
aneurysmal ascending aorta (green mark), and
descending aorta below the aneurysm (blue mark).

Finally, after opening the stent graft (a Zenith Arch Branched
Graft; Cook Medical, Bloomington, IN, USA), 3 branches were
implanted (Figure 4): into the BCT (through the right subclavian
artery), LCCA, and LSA. The implantations were conducted via
a femoral approach, because as they are the inner branches,
facing away from the blood flow, they could be introduced and
cannulated from below. Then, the system was extended using
2 thoracic stents — a 40 mm in diameter and 21.6 cm in length
Zenith TX2 TAA Endovascular Graft and a 40 mm in diame-
ter and 21.7 cm in length Zenith Alpha Thoracic Endovascular
Graft Proximal Component (Cook Medical, Bloomington, IN,
USA), the distal one ending above the coeliac trunk. The stent
graft branches were extended as well, as follows: a Zenith
custom-made steel branch (Cook Medical, Bloomington, IN,
USA) was used for extension to the BCT, and 2 GORE VIABAHN
Endoprostheses (W.L. Gore & Associates, Inc. Flagstaff, AZ, USA)
—one 10 mm in diameter and 10 cm in length and the other
13 mm in diameter and 10 cm in length, were used for exten-
sion to the LCCA and the LSA, respectively. The final angiogra-
phy (Figure 5) revealed a correctly positioned arch branch and
patency of the 3 branches without endoleaks. Completion an-
giography demonstrated patent branches and successful ex-
clusion of the aneurysm.

Aright-sided iliofemoral graft was then performed with a 9 mm
in diameter vascular Dacron prosthesis sewn into the initial
section of the right external iliac artery and 2 GORE VIABAHN
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Figure 4. Angiography demonstrating successful implementation. A — before opening the stent graft, B — after opening.

Figure 5. Completion angiography demonstrating patent
branches and successful exclusion of the aneurysm.
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Endoprostheses were implanted to perform better sealing of
the artery (three grafts were finally placed in the right exter-
nal iliac artery).

The patient’s condition deteriorated during the surgery despite
the supply of a total of 11 units of RBCs, 6 units of fresh frozen
plasma, and 2 units of platelets. Several drops in blood pres-
sure and cerebral oxygen saturation were observed, but with
the exception of a marked reduction in cardiac contractility,
intraoperative echocardiography revealed no significant ab-
normalities or indications of tamponade. Total blood loss was
1500 mL. The duration of the operation was 6 hours and the
total radiation dose was 1.008 Gy. Neuroprotection strategy
included moderate hypothermia, selective antegrade cerebral
perfusion, near-infrared spectroscopy, flushing of the device
with carbon dioxide, followed by flushing of the carbon diox-
ide with heparinized saline, a “branch-first” approach, hepa-
rin administration, and pharmacotherapy.

Following the procedure, the patient remained in the inten-
sive care unit (ICU), intubated, mechanically ventilated, and
under anesthesia. He was hemodynamically unstable, requir-
ing vasopressor support with adrenaline and noradrenaline
in increasing doses, exhibiting anemia (hemoglobin level of
10.1 g/dL), increasing lactic acidosis (pH level of 7.1, lactate
level of 17 mmol/L; reference range: 0.5-1.5 mmol/L) and an-
uria (he underwent slow continuous extended dialysis after
surgery). His pulse was within the limits of 80-100 beats per
minute, he had regular sinus rhythm with periodic tachycardia
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and showed no clinical signs of bleeding. Continuous temper-
ature monitoring was implemented. Coagulation and hema-
tologic parameters were regularly assessed. Heparin was giv-
en in accordance with activated partial thromboplastin time
measured every 6 hours (infusion 50000 units per 50 mL),
electrolyte imbalances were corrected, perioperative antibiotic
treatment was continued, and anti-ulcer prophylaxis was im-
plemented. Despite comprehensive intensive care, there were
indications of growing multiorgan failure associated with the
patient’s multiple concomitant diseases and serious condition
at the time of admission. Increasing hypotension despite the
use of resuscitation doses of catecholamines contributed to
cardiac arrest the day after surgery.

Discussion

Aortic arch aneurysms usually indicate the proximal exten-
sion of thoracic and thoraco-abdominal aortic aneurysms or
the distal extension of ascending aortic disease [7]. The aor-
tic arch accounts for 21.3% and the descending thoracic aor-
ta for 34.6% of the population’s total estimated incidence of
TAAs, which is 5.3 per 100000 people annually. Ruptures of
TAAs were estimated to occur at a rate of 1.6 per 100000 an-
nually. It has been demonstrated that a dilated segment of the
aorta is a predictor of having a dilation in another segment.
Abdominal aortic aneurysm surgery has been performed on
12.4% of patients with TAAs. Patients with abdominal aortic
aneurysm have a 2.2% probability of developing a TAA [8].

Common risk factors, like genetic susceptibility to multiple tho-
racic and abdominal aortic aneurysms, such as Marfan, Ehlers-
Danlos, or Loeys-Dietz syndromes, may increase the likelihood
of having 2 aneurysms in different parts of the aorta [9-11].
The fact that no nongenetic cardiovascular risk factor, such as
nicotinism, high blood pressure, or male sex, is sufficient to
develop aortic aneurysms at 1 or more sites further suggests
that patients with numerous aneurysms should be expected
to have genetic susceptibilities [8].

Although our patient did not have any of the genetic conditions
mentioned above, due to ruptured aneurysms, he had been
admitted on an emergency basis for intervention. Therefore,
he had not been tested for the presence of mutations in genes
determining other connective tissue defects. His family histo-
ry is also unknown, hence familial thoracic aneurysm and/or
dissection (FTAAD) cannot be ruled out.

This case highlights the importance of lifelong surveillance af-
ter EVAR. In accordance with the guidelines, which include the
most recent ones at the time of his initial intervention [12],
as well as those that were in effect after his initial interven-
tion [13], the patient should have been undergoing a follow-up
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annually, including a CT scan of the thoracic aorta. His failure
to attend follow-up exams resulted in an extremely uncom-
mon circumstance: occurrence of an aortic aneurysm of this
magnitude after prior treatment for a ruptured aneurysm.
Such an occurrence is essentially not described in contempo-
rary sources. This is particularly relevant given research dem-
onstrating the value of this follow-up in identifying aneurysms
of the thoracic aorta: the incidence of TAA over time ranges
from 2.2% at the mean treatment follow-up of 5 years to as
high as 12.6% after the diagnosis of abdominal aortic aneu-
rysm, so it is not unusual [14,15].

The treatment of diseases of the aortic arch is becoming in-
creasingly complex and multidisciplinary [16]. There are sev-
eral methods for performing total endovascular aortic arch
stent grafting, including branched devices, fenestrated grafts,
and the chimney technique [1,17,18]. According to European
Association for Cardio-Thoracic Surgery/Society of Thoracic
Surgeons (EACTS/STS) and American College of Cardiology/
American Heart Association (ACC/AHA) guidelines, to qualify
for arch replacement, patients should be low to moderate in
surgical risk. For symptomatic high-risk patients, endovascular
treatment should be considered [19,20]. Endovascular aortic
arch repair, including zone 0, should be considered in patients
unfit for open surgery and with a suitable anatomy [21,22].
This approach entails, but is not limited to, the following: ap-
propriate landing zone diameter and length; appropriate su-
pra-aortic target vessels in terms of size, tortuosity, presence
of dissection, and take-off angle; appropriate access site (ca-
rotid, axillary, femoral, or similar); absence of an excessive in-
ner arch curvature; and appropriate coronary ostia height [1].
In our patient, these criteria were met, and despite the diffi-
culties with the femoral approach, successful reconstruction
was nevertheless achieved.

Taking into consideration that secondary interventions are
needed in 31% of patients [23], the chosen course of the pro-
cedure should also cover possible future treatment options,
particularly for individuals who are at risk of developing an-
eurysms in this location. The extension of the branched stent
graft was intended to facilitate potential T-branch [24] or uni-
body endograft [25] insertion, providing a more tailored diam-
eter of the descending aorta.

The results of a study aiming to assess the appropriateness
of zone 0 TEVAR as the first-line therapy for aortic arch aneu-
rysms in emergency settings refer to TEVAR as an alternative
suitable for high-risk patients with arch aneurysms who need
zone 0 landing, but it is nevertheless not a reliable method [28].
However, in comparison with hybrid TEVAR, zone 0 branched
TEVAR may be considered an effective and more minimally in-
vasive treatment for high-risk patients and thus might be su-
perior to a hybrid approach [29].
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According to the literature, in addition to having greater in-
cidence of stroke, pneumonia, and the need for extended
breathing support (all P<0.01), ruptured TAA patients treated
endovascularly have significantly worse 30-day survival than
patients with incorporated TAAs (69.2% vs 96.9%; P<0.001).
Ruptured TAA patients as a whole have lower long-term sur-
vival than incorporated TAA patients at 1 year (46% vs 86%),
5 years (27% vs 48%), and 8 years (20% vs 32%; all P<0.001),
primarily due to early mortality [30].

Taking into account the condition of the patient at the time of
admission, along with the general mortality in cases of rup-
tured unrecognized TAAs [10], our patient’s death was attrib-
utable to the described clinical scenario. Rupture of the giant
aortic arch aneurysm precipitated profound hypovolemic shock,
leading to subsequent multi-organ failure. Despite maximal
therapeutic efforts and advanced intensive care support, the
outcome was ultimately fatal. However, it is important to em-
phasize the technical success of the complex procedure, which
was the proper intervention in such severe circumstances.

Conclusions

With the progressing development of endovascular technology,
the possibilities of methods will become more sophisticated
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