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One-stage endovascular 
management of penetrating 
thoracic aorta ulcer 
accompanied by multi-
supraarch branches stenosis 
and brainstem infarction: A case 
report and literature review

Introduction
Classified as acute aorta syndrome, acute 

thoracic aortic diseases, including dissection, 
aneurysm, penetrating ulcer, and intramural 
hematoma, necessitate emergent surgery 
intervention, especially for patients with 
simultaneous supraarch pathologies [1-3]. 
During the past decades, open surgical therapy 
and hybrid procedure that combine endovascular 
repair with supraaortic trunk surgery may be 
treatments of choice in conventional algorithm 
for proximal thoracic aortic disease with aorta 
branches lesions. Examples include total arch 
replacement with bypass or transposition of 
the branches, fluoroscopy-guided aneurysm 

exclusion combined with retrograde fenestration 
for surgically dissected aorta branches [4,5]. 
However, due to the elevated frequency of 
injuries and cerebro-vascular complications of 
hospitalized patients and hence the elongating 
recovery intervals among them, the usage of 
open surgery and hybrid procedure for selected 
patients is limited. 

Although thoracic endovascular aortic repair 
(TEVAR) has emerged as a promising, non-
invasive modality for thoracic aortic disease and 
achieved technical advances [6], endovascular 
manipulation of concomitant multi-supraarch 
pathologies remains to be elucidated especially 
when the characteristic of lesions, vascular 
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Purpose: To present a one-stage endovascular treatment of a penetrating aortic ulcer(PAU) concurrent with left carotid 
artery(LCA), left subclavian arery(LSA), and ectopic-originated vertebral artery(VA) stenosis in emergency setting, and to 
review the literature on the management and outcome of patients who presented thoracic aorta disease accompanied 
by supraaortic lesions. 

Case report: Carotid angioplasty and stenting(CAS) and thoracic endovascular repair(TEVAR)with LSA revascularization, 
carried out as one stage registry, had been successfully performed, as evidenced by exclusion of PAU, revascularization 
of stenosed LCA, VA and LSA with patented graft, and non-occurrence of endoleak. For the literature review, through 
detailed search and careful selection, altogether 5 relevant case reports were collected and reviewed. The open surgery, 
hybrid procedure and endovascular therapy have been used in the five reports.

Conclusions: The simultaneous endovascular management of PAU with concomitant supraaortic lesions combining in 
situ fenestration (ISF) for LSA and CAS, as shown in this case, is technically successful and demonstrates satisfactory initial 
follow-up results. The indicated therapy may extend the application of TEVAR and suggest its adaptability to emergent 
cases. However, further investigation into its availability, safety, and feasibility should be conducted by studies of operation 
in larger populations with longer-term follow-up. 

Keywords: aortic arch, penetrating aortic ulcer, carotid artery stenosis, thoracic endovascular aortic repair, in 
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anatomy, and the state of illness differ. Thoracic 
aorta disease is usually accompanied by 
insufficient proximal endograft landing zones 
and progressive with lumen dilated, and thus 
poses a great difficulty for endovascular repair. 
Therefore, the adequate proximal sealing zone, 
reservation of perfusion into aorta branches, 
the prevention of endoleak and translocation 
become essential components of satisfying 
treatment results during the implementation of 
TEVAR. 

Left subclavian artery (LSA) coverage has 
been recommended as an indication in order to 
acquire adequate proximal landing zone [7]. As 
the most significant ingredient of performing 
TEVAR, additional endograft revascularization 
of the supraarch vessels was thought to be a 
viable alternative to extend the availability of 
TEVAR. The present techniques evolve with 
the advancement of chimney techniques, 
branch stent or fenestrated grafts, and in situ 
fenestration (ISF) [8]. These procedures are 
generally adopted in supraarch vasculature 
preservation during TEVAR, indicating high 
rate of technical success and relatively good 
follow-up results. However, chimney technique 
has a high risk of endoleak. Branched aortic 
endograft and in vitro fenestration, which 
mandate customization before endorepair, may 
not be utilized in emergent situation.

ISF, as a less invasive option, can be 
performed in urgent cases, such as a progressive 
illness state predisposed to stroke, and possible 
lesion-related complication including bleeding 
and rupture [9]. As reported in previous cases, 
laser-generated in situ fenestration, as an off-label 
procedure, may obtain desirable outcome with 
LSA revascularized during TEVAR in patients’ 
cohort and animal model [8]. But regarding the 
cases where symptom-responsible carotid artery 

and vertebral artery stenosis co-occurred, there 
is still a lack of experience and evidence as to the 
management algorithm of other branches than 
LSA, the sequential performing order of LSA 
fenestration and other branches angioplasty 
still lack experience and evidence. Here we 
reported a case in which TEVAR combined 
with vascular angioplasty and retrograde in 
situ fenestrated LSA revascularization at one 
stage was used for the treatment of PAU with 
two supraarch branches stenosis complicated 
by onset of transient ischemic attack (TIA) and 
fresh cerebral stem infarction, and analyzed 
retrospectively similar cases in relevant literature 
to evaluate the effectiveness of the present 
management of the disease.

Case report
A 71-year-old female, weakened by a 

sudden onset of impotence in left extremity 
and inarticulate speech lasting for one week, 
was admitted to Department of Vascular and 
Endovascular Surgery. She manifested no 
vomiting, nausea, ipsilateral extremity numbness 
or other posterior cerebral dysfunction-derived 
symptoms. Physical examination showed 
immobile left limb (muscle strength level 1) 
and an apparently decreased sensation of left 
extremity. Positive neurological signs of this 
case included right-deviated mouth, shallow 
nasolabial groove and positive right-side 
pathology. She is non-drinking, non-smoking, 
with severe hypertension uncontrollable by 
medications. A history of surgical management 
for intervetebral disc protrusion in 1996 and 
brain trauma in 2003 were also noted. 

As was shown by the Computed tomography 
angiography (CTA) (FIGURE 1), and thoracic 
aneurysm (4 × 4 cm), caused by penetrating 
ulcer, was identified adjacent to the origin of 
LSA invading LSA. Besides, severe stenosis 

FIGURE 1. Preoperative CTA. A. Arrow indicated a PAU at thoracic aorta, arrow head indicated a stenosis at 
the origin of LSA. III type aortic arch; B. anteroposterior projection; C. postero-anterior projection. Triangle 
indicated a severe stenosis at the origin of anomalous VA; D. coronal plane of aortic arch. Arrow indicated 
the PAU; E. sagittal plane of thoracic aorta. Arrow indicated the PAU
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generated by non-calcified, vulnerable plaque 
(Echo inhomogeneity identified by duplex 
ultrasound) were observed at left vertebral 
artery, the origin of left subclavian artery, 
and left internal carotid artery (ICA), while 
moderate stenosis led by calcified plaque was 
noted in right common carotid artery and 
internal artery. In addition, segmental occlusion 
and multi-loci severe stenosis were observed 
in basilar artery and anterior cerebral artery, 
respectively. Notably, the left vertebral artery 
was anomalously originated from aortic arch. 
Skull computed tomography (CT) revealed 
a brain stem infarction. In the prevention of 
stroke and aneurysm-related complication, we 
chose endovascular reconstructions to dispose all 
responsible lesions at one stage, which reduced 
possible injuries and complication.

Under general anesthesia, the patient was 
positioned supine, with left upper limb and 
bilateral inguinal regions routinely sterilized. 
The right femoral artery was exposed through 
an oblique groin incision. A total of 5000 units 
of intravenous heparin were given to the patient. 
A 5F introducer sheath (Terumo, Shibuya-ku, 
Tokyo, Japan) was inserted into the left brachial 
artery. A Straight Pigtail catheter (Terumo, 
Shibuya-ku, Tokyo, Japan) was used to guide a 
0.035-inch soft guidewire (Terumo, Shibuya-
ku, Tokyo, Japan)in its path into the aortic arch 
under the guidance of road map, followed by 
a 6F renal artery sheath(Cook, Bloomington, 
Indiana, USA)introduced into the ostium of 
left subclavicular artery. An 8F introducer 
sheath (Terumo, Shibuya-ku, Tokyo, Japan) was 
implanted via the right femoral artery access 
leading 0.035-inch soft wire and a Straight 
Pigtail catheter to the ascending aorta. Then, an 
angiography was performed (FIGURE 2). 

Next, in the retrograde access of femoral 
artery, the Straight Pigtail catheter was 
exchanged with vertebral catheter (Terumo, 
Shibuya-ku, Tokyo, Japan) and engaged into left 
external carotid artery. After that, the soft wire 
was replaced by a Supercore guidewire(Abbott, 
Santa Clara, California, USA), over which the 
MO.MA ULTRA(Invatec, Roncadelle, Brescia, 
Italy) was positioned in the left external carotid 
artery(ECA) and common carotid artery 
(CCA). Cautious inflation of the CCA and 
ECA balloons was observed under fluoroscopy 
(FIGURE 3) until the mark points of distal 
balloon was oriented at the vascular segment 

FIGURE 2. Intraoperative aortography.

FIGURE 3. Utilization of MO.MA system.
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which was 0.5 cm far from the bifurcation of 
CCA and complete occlusion was indicated 
by the cylindrical change in balloon shape. 
Then a 6 mm-9 mm × 40 mm Cristallo Ideale 
stent graft (Invatec, Freuenfeld, Switzerland) 
was introduced into ICA and CCA under 
the guidance of 0.014-inch V-14 control wire 
(Boston Scientific, Marlborough, Massachusetts, 
USA) and deployed. Post dilatation by 5 mm 
× 20 mm Sterling balloon (Boston Scientific, 
Marlborough, Massachusetts, USA) was then 
performed. CCA and ECA were recanalized 
by deflation of the MO.MA ULTRA balloons 
and angiography was completed to confirm the 
exclusion of stenosis. 

For the next step, a 5F Vertebral catheter was 
selectively advanced into left vertebral artery in 
coordination with 0.035-inch softwire, and 
then exchanged with a 0.018-inch V-18control 
wire (Boston Scientific, Marlborough, 
Massachusetts, USA) which was transported 
to the distal end of left vertebral artery. A 6F90 
cm sheath (Cook, Bloomington, Indiana, USA) 
was inserted into aortic arch and a 5 mm × 15 
mm Express SD Vascular stentgraft(Boston 
Scientific, Marlborough, Massachusetts, USA) 
was advanced across the diseased part of the 
artery and dilated to dissolve the stenosis.

Upon the exchange of Lunderquist 
guidewire(Cook, Bloomington, Indiana, USA) 
into aorta arch, a 34 mm × 150 mm Capitivia 
dacron stentgraft(Medtronic, Minneapolis, 
Minnesota, USA) was deployed just distal to 
the proximal end of left vertebral endograft, 
covering LSA. Through the previously settled 
renal artery sheath, a 5F CXI supporting catheter 
(Cook, Bloomington, Indiana, USA) combined 
with laser fiber were placed at the ostium of the 
LSA and made perpendicular contact with the 
proximal endograft. After that an application 
of lasermar1500 circular laser energy (Eufoton, 
Trieste, Italy) with the parameters of 10 Watt, 
1470nm wavelength, was made for 3 seconds 
to create the fenestration. The stiff 0.035-inch 
soft guidewire was advanced through the CXI 
laser catheter and crossed the fenestration into 
the endograft lumen. The stent fenestration 
was predilated by a 6 mm × 40 mm Mustang 
balloon(Boston Scientific, Marlborough, 
Massachusetts, USA), followed by precise 
deployment of an 8 mm × 37 mm Express LD 
Vascular balloon expandable stent graft(Boston 
Scientific, Marlborough, Massachusetts, USA). 

Finally, the last aortography was performed 
to substantiate the patency of aortic stent, left 
vertebral artery stent and LSA fenestration 
and to distinguish whether endoleak existed 
(FIGURE 4).

Through final DSA examination (FIGURE 
5) the penetrating ulcer was successfully excluded 
and the stenosis of LSA, left ICA and VA were 
completely handled with no tearing of the fabric 
and no endoleak observed. Then guide wire and 
catheter were retracted while incision and high-
pressure dressing were made on right femoral 
artery and left brachial artery, respectively. 
During procedure and post-precedure, no TIA, 
perioperative strokes, myocardial and cerebral 
infarction, or other neurologic complications 
occurred. The patient was discharged after 
5 days, with symptoms resolved, the aortic 
aneurysm well repaired and a normal position 
and morphology of the stent confirmed.

Discussion
TEVAR has become a valid treatment 

option for thoracic aorta disease with less injury, 
shortening hospitalization, and promising long-
term results, compared to total arch replacement 
by sternotomy or hybrid techniques [10,11]. 
However, to achieve an adequate proximal 

FIGURE 4.In situ fenestration

FIGURE 5. Completion angiograph.
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landing zone during TEVAR, aortic branches 
including innominate arery, LCA or LSA may 
need to be covered to stabilize endograft, of 
which LSA coverage is required in approximately 
26-40% of TEVAR cases [8]. But such 
procedure may sacrifice the perfusion into the 
distal target organ, which can lead to ischemic 
symptom. The alternative procedure for supra-
aortic arteries revascularization during TEVAR 
indicated debranching technique, parallel stent 
technique, branched stent, fenestration, etc.

Surgical debranching technique, via extra-
anatomic vascular transposition into covered 
aorta arch branches after interposition of aorta 
endograft, is effectively used in patients’ cohort 
with proximal thoracic aorta disease [12]. This 
modality, combining endovascular procedure 
and open surgery, can be performed to prevent 
the incidence of endoleak of type III [13], but 
meanwhile it changes hemodynamic state and 
is usually accompanied by a high mortality, 
increased nerve injuries and elevated stroke 
frequency. Parallel stent technique, including 
periscope and chimney, has gradually been 
used for complete reconstruction of supra-
aortic branches with different types of lesions 
in patients who are not suitable for open or 
hybrid repair [14]. However, this technique 
can add up to the incidence of endoleak and 
its long-term effect remained to be observed. In 
the indicated case, this technique may not be 
adaptable because the patient has undergone a 
brainstem infarction and may not be tolerable to 
multi-stage treatment if endoleak or dislocation 
of graft happens. Branched stent deployment 
can be effective and safe, accompanied by 
desirable technical and clinical outcomes at 
early and mid-term follow-up during TEVAR. 
However, in this emergent case with short 
proximal anchoring zone and Type III aortic 
arch, branched techniques may not be suitable 
because it necessitates preoperative detailed 
modification of aortic endograft on the basis 
of patients’ vasculature anatomy, which needs 
meticulous planning. Although some originally 
devised multibranched endograft has gradually 
emerged [15], the long-term effect of the graft 
and the detailed experience still remain to be 
reported.

Fenestration, created in vitro or in vivo, has 
been gradually utilized as an attractive approach 
to treat proximal thoracic aorta disease, 
especially for old patients with concurrent 

diseases. In vitro designed fenestrated graft, 
similar to branched graft, requires detailed 
devise before surgery and the endograft has to 
be rotated repeatedly to confirm whether the 
fenestration is positioned towards the orifice of 
branches. Such procedure may not be applicable 
to the patients with critical condition, or special 
anatomical vasculature, because it may prolong 
the procedure time, and thereby elevate the 
risk of stroke. As to in vivo fenestration, total 
endovascular aortic arch reconstruction via 
fenestration in situ, though not indicated as 
routine procedure, has been proved in animal 
experiments and patients with promising results 
but without destruction of fabric or structure 
of endograft. In addition, the intraoperative 
fenestration of aortic stent can be instantly 
carried out on patients in emergent conditions 
as the patient reported here manifested TIA and 
brain stem infarction [16]. 

Since the first case was reported by 
McWilliams et al., various techniques has been 
created for in situ fenestrations: penetration by 
a needle or the sharp end of a guide wire; use 
of a radiofrequency probe and laser generated 
fenestrations [8,17]. But these techniques 
all have their own disadvantages: A needle 
or guide wire-generated fenestration, in the 
principle of mechanistic pressure, is usually 
time-consuming and prone to being affected 
by particular vessel anatomy, which may not 
be appropriate for this patient with specific 
anatomy and emergent condition. In principle 
of energy burning, laser-created fenestration 
may produce graft fabric particles or embolism 
into circulation or encroach on the surrounding 
blood and vessel wall during the melt or 
vaporization of the stent. However, as Sonesson 
et al. has demonstrated that no macroscopically 
visible embolus could be observed during the 
procedure of laser-generated in situ fenestrations 
for the reservation of left iliac artery while 
implanting a Dacron aortic endograft from the 
infrarenal aorta to the right iliac artery in pig 
models, which at experimental level implies the 
appropriate applicability of laser-guided in situ 
fenestrations for LSA revascularization during 
TEVAR [8]. Furthermore, in clinical practice, 
in situ retrograde laser fenestration has been 
successively performed (technical success rate 
was 95.8%) on 24 patients with aortic disease 
during TEVAR with no fenestration-related 
complications or neurological adversity occurred 
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[18]. Weighing the pros and cons of Laser in 
situ fenestration while confronting patients with 
progressive deteriorating illness and anomalous 
vessel anatomy, such procedure may be more 
adaptable.

As to the vascular access, surgically exposed 
LCA, RCA and LSA have long been used as a 
puncture site for retrograde ISF during the 
coverage of aorta branches. However, as the less-
invasive brachial artery or radial artery access 
has been introduced to revascularize LSA, the 
puncture of LSA should be gradually abandoned. 
Multi-stage disposition of LCA atherosclerotic 
lesion and TEVAR with LSA revascularization 
may present a more conventional option for 
patients; however, old patient with comorbidities 
may not endure such by-stage procedure 
which can bring more stimuli to hospitalized 
patients. Thus, we decided to perform one-
stage endovascular reconstruction for two aorta 
branches with thoracic aortic disease without 
retrograde ISF for plaque-loaded LCA.

Carotid angioplasty and stenting, as an 
acceptable alternative to CEA, can be prior to 
CEA because of shortened hospitalization and 
convalescence in reducing carotid stenosis, 
while CAS brings about no increased risks for 
complications of death, myocardial infarction, 
and ipsilateral stroke during the procedure 
or longer duration of follow-up compared to 
CEA, which were indicated by single or multi-
centre randomized trials [19,20]. During the 
procedure of CAS, brain protection device 
(EPD) is required to potentially reduce the 
risk of embolization [21]. The proximal 
Mo.Ma protection system, in the principle of 

back blood pressure produced by blockage of 
CCA and ECA, has been applied to the area 
of performing endovascular therapy for high-
risk carotid stenosis with no requirement of 
advancement through lesion area and relevant 
multi-center trials had demonstrated that CAS 
combined with proximal flow blockage was 
safe and feasible with a high procedural success 
rate [22-24]. As to the indicated case here with 
vulnerable plaque, MO.MA proximal protection 
system may adapt more to the case compared to 
distal protection system [25-27].

In respective of acute thoracic disease near 
LSA with at least one supraaotic branches 
pathology, the selection of one-stage or multi-
stage treatment for thoracic lesion and LCA, 
innominate artery and the sequential disposing 
order of them still lacks clinical experience. In 
search of relevant literature, we have found only 
other 5cases of patients with thoracic disease 
combined with aortic branches construction 
(TABLE 1). A total of 5 patients suffering from 
this situation have been described.

One stage treatment first with carotid 
and vertebral angioplasty and then TEVAR 
accompanied by LSA retrograde in situ 
fenestration may provide an optimal treatment 
plan for the selected patients. The principle 
of the modality is demonstrated as two steps: 
First, endograft interposition to the exclusion of 
lesioned thoracic aorta with adjacent branches 
covered is performed. Second, perforate the 
stent fabrics covering supra-aortic branches for 
sufficient perfusion in strictly controlled time 
window. It can widen the use of TEVAR while 
multiple supraaortic comorbidities exists and 

Table 1: Summary of all reported cases of thoracic aorta disease with supraarch pathologies

Author                     Year Age/
sex  Indication Treatment Outcome

Harada et al. 
[25] 2001 55/M Aneurysm of thoracic 

and RSA
RCCA–RSA bypass, and open arch 
graft replacement recovery

Takagi et al. 
[26] 2003 68/M occlusion of the left ICA 

and thoracic aneurysm

Two-stage superficial temporal 
artery–middle cerebral artery 
anastomosis and total aortic 
arch replacement under 
Cardiopulmonary bypass

recovery

Giulio 
Illuminati et 
al. [27]

2004 76/F stenosis of the left ICA 
and thoracic aneurysm

LSA to LCCA transposition, left 
CEA, and TEVAR recovery

Rajagopal, et 
al. [28] 2007 73/F Stenosis of left CCA and 

thoracic aortic aneurysm

ascending aorta-to-LCCA bypass

grafting and TEVAR

transient ischemic 
attack on 
postoperative day 
1 and recover

Satoshi 
Yamashiro et 
al. [29]

2014 68/M
Dissecting intima of the 
right CCA and stanford 
type A aortic dissection

Graft replacement of ascending 
aorta under cardiopulmonary 
bypass

recovery
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simultaneously disposes aortic branch lesion 
through which patients get a fast convalescence 
period and avoid injuries and stimuli caused 
by multi-stage surgery routinely with vascular 
transposition or bypass graft [28,29]. 

The technique skills of fenestration in our 
case is that the selection of fenestration site on 
endograft need to be guided by fluoroscopy 
in multiple angle to confirm that the site is 
in the central part of the ostium of covered 
LSA.  Furthermore, prompt performance of 
fenestration followed by deployment of balloon 
and stent in fenestration to recover perfusion of 
LSA is considered as a requirement to largely 
shorten ischemic time. In addition, the laser 
head should be supplemented with fluorescent, 
in order to manipulate the laser head through 
vision in case that the laser advanced too deep 
into the branches, causing injuries of LSA. 
The angle between LSA and adjacent aortic 
arch should be emphasized because too large 
(>150°) or small (<30°) angle may add up to the 
difficulties of management and is therefore not 
recommended for retrograde ISF.

To the best of our knowledge, this is the first 
reported case of aortic arch lesions with ectopic 
origin of the left vertebral artery complicated 
by multi-supraarch branches stenosis, one-
stage endovascular managed by simultaneously 
performing MO.MA-protected CAS and 
laser-generated in situ LSA fenestration during 
TEVAR.  But our study has limitations. The 
referred methods have only been utilized in one 
case and the confirmation of its effectiveness 
and safety remains to be demonstrated by 
retrospective or prospective studies with larger 

population compared with conventional 
procedures. 

Conclusion
We reported a one-stage endovascular 

management procedure with laser-guided in 
situ fenestration, distal cerebral protection 
led carotid angioplasty and vertebral artery 
revascularization combined for multiple 
supra arch lesions. We demonstrate that the 
technique of in situ laser-guided fenestration 
angioplasty in retrograde access is safe and 
effective. Considering the overall condition of 
patient, one-stage endovascular treatment may 
provide patient with optimal results. However, 
studies of the endovascular therapy of proximal 
thoracic aortic aneurysm with multi-supra arch 
pathologies in larger populations with longer-
term follow-up now should be conducted. 
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