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Physician-modified stent-graft for total endovascular aortic arch repair 1 

 2 

ABSTRACT 3 

Endovascular techniques have proven useful in aortic arch management 4 

because they allow less invasive treatment and potentially faster recovery. We 5 

present the case of a 66-year-old woman with a two-month history of precordial 6 

pain. Imaging studies revealed a saccular aortic arch aneurysm in the anterior 7 

portion of the arch. A Valiant Navion CoveredSeal (Medtronic, Santa Rosa, CA, 8 

USA) device was modified with a double fenestration and used to treat it. The 9 

symptoms resolved and follow-up imaging showed aneurysm exclusion and 10 

patency of the supra-aortic branches. To our knowledge, this the first total 11 

endovascular arch repair to have been performed with this device. 12 

 13 

 14 

 15 

 16 

At first, thoracic endovascular aortic repair was only used for descending 17 

thoracic aortic diseases1. Due to good results in the descending aorta, it has 18 

been expanded to aortic arch aneurysms and dissections2,3.  19 

Maintaining cerebral blood flow is challenging in these cases. Debranching 20 

techniques have been used to bypass the supra-aortic vessels. When landing 21 

zone 0 is the target, total arch debranching with sternotomy is required. This 22 

zone is an independent predictor of perioperative mortality in debranching 23 

series, similar to the results of open surgery with circulatory arrest and aortic 24 

cross clamping4,5,6. 25 
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Fenestrated and branched stent grafts can allow total endovascular treatment 26 

for aortic arch diseases. However, off-the-shelf stent grafts for the aortic arch 27 

are not widely available, mostly due to the anatomical variability of arch 28 

branches. Aligning all supra-aortic branches can be a difficult task. 29 

Physician-modified stent-grafts have been an important tool for dealing with 30 

particular cases, and some authors have found good results when using this 31 

approach in the aortic arch region (7). We used a physician-modified 32 

fenestrated stent-graft to treat an aortic arch aneurysm in landing zone 0. A 33 

Valiant Navion CoveredSeal thoracic stent graft (Medtronic, Santa Rosa, CA, 34 

USA) was modified in the back table with a double fenestration.  Our aim was to 35 

personalize the graft according to the patient’s anatomy in order to cover the 36 

whole aortic arch. 37 

 38 

 39 

CASE REPORT 40 

 41 

A 66-year-old female smoker with hypertension, dyslipidemia and chronic 42 

obstructive pulmonary disease, had a history of progressive atypical precordial 43 

pain for almost 2 months. The laboratory tests and electrocardiogram were 44 

unremarkable. A contrast-enhanced computed tomography revealed an 45 

asymmetric and lobulated saccular aneurysm in the anterior portion of the aortic 46 

arch, close to the lesser curvature. A type 1, bovine aortic arch was found with 47 

only two supra-aortic branches, presenting calcifications near the left subclavian 48 

artery ostium, but without much thrombi (Figure 1). The diameter of the external 49 

iliac arteries was only 6.5 mm, which is a concern for endovascular access 50 
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(Figure 2). Since the patient was considered to be at high surgical risk owing to 51 

comorbidities and emergent treatment, endovascular repair was planned.  52 

 53 

Planning and sizing 54 

Horos version 2.0.2 (Horos Project, Annapolis, MD, USA), a dedicated medical 55 

image viewer, was used for the procedure planning. Centerline luminal 56 

reconstruction was used, but the distances between the supra-aortic branches 57 

were measured in the outer curvature of the arch. Three-dimensional volume-58 

rendering reconstruction was used to determine the best angle for arch 59 

visualization during the procedure.  60 

Flow preservation to all supra-aortic branches was desirable, so a double 61 

fenestration was planned: a larger one to the common trunk involving the 62 

innominate and left common carotid arteries and a smaller one to the left 63 

subclavian artery, as previously described by Canaud et al7. A low-profile 64 

device with outer diameter of 20 Fr was chosen due to the limited arterial 65 

access and a configuration without FreeFlo was preferable due to the potential 66 

risks of bare stents in the ascending aorta8. Oversizing of approximately 15% 67 

was planned and the length of the endograft was just enough for proximal and 68 

distal sealing, thus avoiding unnecessary aortic coverage. 69 

 70 

Device modification 71 

The procedure was performed under general anesthesia after obtaining written 72 

informed consent. The endograft was modified during anesthetic induction and 73 

took 45 minutes. The device (Valiant Navion CoveredSeal 31 x 90 mm – 74 

Medtronic, Santa Rosa, CA, USA) was unsheathed under sterile conditions in 75 
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the back table without releasing the tip capture mechanism. A sterile marking 76 

pen was used to mark the positions of the fenestrations. With a number 11 77 

blade, the larger fenestration was made 15 mm from the proximal edge of the 78 

device. It was 20mm in length and width, and the shape was adapted to the 79 

device’s stent struts (Figure 3A). The length was identical to that of the branch 80 

and the width was 4mm larger to accommodate any rotational misalignment. An 81 

8-mm circular fenestration was made for the left subclavian artery using a 82 

thermal cautery device. This fenestration was reinforced circumferentially with 83 

0.035-radiopaque wire (Anaconda, Vascutek, Scotland, UK). Radiopaque 84 

markers were also used to indicate the edges of the larger fenestration and the 85 

opposite side of the endograft (Figure 3B).  86 

A 21G needle was used to make a hole in the device’s introducer sheath. A V18 87 

0.018” x 300 cm guide wire (Boston Scientific, MA, USA) was passed through 88 

the hole until it exited the end of the sheath and was then inserted into the 89 

endograft, which it exited through the smaller fenestration9. The endograft was 90 

resheathed using umbilical tapes, and the preloaded guide wire emerged from 91 

the sheath under the tapered tip of the introducer. 92 

 93 

Surgical technique and device implantation 94 

The left brachial and right common femoral arteries were exposed with a 95 

surgical cut-down, and the left common femoral and right brachial arteries were 96 

accessed by puncture. Constant dialogue was maintained with the anesthesia 97 

team and arterial pressure was measured invasively through these arterial 98 

accesses, migrating with each step of the procedure. 99 
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A 260 cm 0.035” Road Runner guide wire (Cook Inc., Bloomington, IN, USA) 100 

was passed through the right femoral artery and exteriorized with a snare (One 101 

Snare, Merit Medical, Jordan, UT, USA) in the left brachial artery to obtain a 102 

through-and-through wire.  103 

Through the same femoral access a Lunderquist 0.035” x 260 cm extra-stiff 104 

guide wire (Cook Inc., Bloomington, IN, USA) was positioned in the ascending 105 

aorta. An over-the-wire balloon catheter (Passeo-35, Biotronik, Bulach, 106 

Switzerland) was introduced into the left brachial artery access using the 107 

trough-and-trough wire, emerging from the common femoral artery. This balloon 108 

catheter was chosen due its length (130 cm), since it is longer than diagnostic 109 

catheters. 110 

The endograft was visualized under radioscopy and, after checking the 111 

radiopaque markers, was introduced over the Lunderquist guide wire until it was 112 

close to the femoral artery. The preloaded wire was advanced trough the tip of 113 

the balloon catheter until it exited in the left arm. The endograft was gently 114 

advanced to the descending thoracic aorta while the balloon catheter was 115 

retracted. A Flexor introducer sheath 7Fr, 70-cm (Cook Inc., Bloomington, IN, 116 

USA) was advanced from the left brachial artery and positioned close to left 117 

subclavian artery origin. An aortogram was obtained with a pigtail catheter 118 

introduced through the left common femoral artery. The graft was advanced to 119 

the ascending aorta and positioned exactly at the intended position.  At this 120 

moment, systolic blood pressure was reduced and maintained under 70 mmHg. 121 

The proximal end of the graft was deployed and the large fenestration was 122 

cannulated from the right brachial access. Deployment continued until the 123 

smaller fenestration was exposed and cannulated with a Passeo-35 8 x 60mm 124 
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balloon catheter (Biotronik, Bulach, Switzerland) from the left brachial artery 125 

through the preloaded wire. This balloon was inflated to maintain the graft 126 

position and correct any possible misalignment and then the graft was fully 127 

deployed, including the tip capture mechanism. The balloon catheter was 128 

deflated and a LIFESTREAM 9 x 57mm covered stent (Bard, Tempe, AZ, USA) 129 

was deployed trough the smaller fenestration, with 5mm inside the endograft to 130 

align the fenestration. The positioning must be accurate to avoid occlusion of 131 

the left vertebral artery. The proximal portion of the covered stent was flared 132 

using an Armada 35 12mm balloon catheter (Abbot Vascular, USA). Finally, 133 

complete angiography was performed, which demonstrated the patency of the 134 

supra-aortic vessels and no endoleak. Operation and fluoroscopy time were 135 

126 and 46 minutes respectively. Volume of contrast used was 70 ml and no 136 

transfusion of blood components was required. 137 

 138 

Postoperative and follow-up 139 

There was no significant blood loss, and the patient was extubated immediately 140 

after the procedure. The patient presented left arm paresis and a minor stroke 141 

was confirmed by computed tomography. The patient was discharged on the 142 

3rd postoperative day, and the paresis regressed. The patient had no more 143 

chest pain during follow-up. A contrast-enhanced computed tomography at 3 144 

months showed patency of the supra-aortic arteries and no endoleak (Figure 4). 145 

 146 

 147 

DISCUSSION 148 

 149 
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Aortic arch repair has evolved towards total endovascular techniques7,9,10, 150 

although the speed of incorporating branched and fenestrated endografts has 151 

not accompanied that observed in iliac bifurcation and thoracoabdominal 152 

aneurysms11,12.  153 

An off-the-shelf device is not yet available, and only a limited number of centers 154 

have access to custom-made endografts for the aortic arch. Thus, just as in the 155 

thoracoabdominal aorta, physician-modified devices could play an important 156 

role in the evolutionary process of aortic arch repair.  157 

Correct orientation of the fenestrations seems to be the most limiting factor in 158 

endovascular arch repair. If the device is not perfectly aligned with the targets, it 159 

may be necessary to manipulate the endograft, guide wires, and catheters, 160 

which is risky in this territory, possibly leading to cerebral embolization and 161 

stroke. 162 

We used the Valiant Navion thoracic stent-graft system because we have 163 

extensive experience with its precursor, the Valiant Captivia, and they share the 164 

same main structural features. This next-generation device has a number of 165 

advantages for aortic arch procedures. Its low profile increases the number of 166 

patients who can be treated with total endovascular procedures. Our patient 167 

had small iliac arteries (6.5mm) that could not tolerate larger devices. Another 168 

important feature of this device is the lack of bare metal stents in the proximal 169 

edge of the endograft. Several authors have reported an association between 170 

the FreeFlo configuration and aortic complications, especially retrograde type A 171 

dissections8.  172 

Other features of the Valiant Navion system facilitate its use in the aortic arch 173 

region. The shorter tapered tip helps avoid contact with the aortic valve and the 174 
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longer delivery system facilitates delivery to the arch and ascending aorta from 175 

the groin. Since larger series have been published using physician-modified 176 

Captivia devices7,9, we believe that the properties of the Valiant Navion system 177 

would be extremely helpful for endovascular aortic arch repair. 178 

Special considerations about the stent implantation technique are related to the 179 

anatomical characteristics of the aortic disease. This technique may not be 180 

feasible in aneurysms involving the greater arch curvature or in diseases 181 

involving the ascending aorta. Such cases could be better managed with an 182 

endovascular approach, using branched endografts. 183 

Stroke has been the Achilles’ heel of aortic arch repair. Neurological outcomes 184 

could be related to the anatomy of the disease or to endovascular manipulation. 185 

Atherosclerotic disease with the presence of calcium and thrombus may 186 

predispose patients to embolization in the supra-aortic vessels. Several authors 187 

have described a high incidence of stroke in initial case series on endovascular 188 

aortic arch repair10. Canaud et al. described a lower incidence of neurologic 189 

events with a double fenestrated graft and attributes this finding to the lack of 190 

carotid artery manipulation7. We were dealing with a calcified arch close to the 191 

ostia of the supra-aortic vessels (Figure 1) and we used a right brachial artery 192 

access to assure a better graft positioning. 193 

 194 

CONCLUSIONS 195 

Total endovascular aortic arch repair is a safe and effective option in 196 

symptomatic aneurysms. Although not designed for aortic arch repair, a 197 

physician-modified Valiant-Navion device is a feasible method of disease 198 

treatment in this area. Endovascular expertise and meticulous planning are 199 
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mandatory to achieve satisfactory outcomes. Although the long-term durability 200 

of this repair is still unknown, this isolated result encourages further use of this 201 

technique, and we hope that advances in endovascular surgery will soon 202 

provide off-the-shelf devices suitable for many aortic arch cases. 203 

 204 

 205 
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LEGENDS 

 

Figure 1- Three-dimensional computed tomography reconstruction shows the 

saccular aneurysm in the anterior portion of the aortic arch. 

 

Figure 2- Picture showing the physician-modified stent-graft with a double 

fenestration and radiopaque markers sutured at the margins of the fenestrations 

(2A) and at the opposite side (2B). 

 

Figure 3- Three-dimensional computed tomography reconstruction shows the 

physician-modified stent-graft positioned in the aortic arch, patency of the 

supra-aortic branches and complete aneurysm exclusion.  
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