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Interventional and hybrid methods of treatment, combining open surgical and endovascular 
repairs, are the most promising areas in the surgery of the thoracoabdominal aorta. Recent 
studies, however, have demonstrated that complex thoracic endovascular aneurysm repair 
(TEVAR) is one of the most high-dose endovascular interventions. In addition, TEVAR is 
associated with the use of a significant volume of contrast media (CM), which can lead to 
contrast-induced acute kidney injury (CI-AKI). The use of advanced imaging techniques and 
computed tomographic fusion (CT-fusion) in routine practice can potentially reduce opera-
tion duration, radiation exposure and CM volume usage. We analyzed the literature on CT-
fusion in endovascular aortic repair and present a clinical case of a 50-year-old male with a 
history of concomitant blunt chest trauma. CT of the chest revealed an aneurysm of the arch 
and descending aorta after traumatic dissection of the aorta (IIIa DeBakey, type B Stanford), 
post-traumatic diaphragmatic hernia of the left dome of the diaphragm with stomach and in-
testinal loops prolapse. The patient underwent a staged hybrid intervention — subtotal aortic 
arch debranching followed by CT-fusion-guided semi-arch TEVAR. CT-fusion is a dynami-
cally developing technology, may reduce the CM volume, the duration of the procedure and 
radiation exposure and requires further research.
Keywords: aorta, endovascular aortic repair, aortic aneurysm, computed tomography, CT-fu-
sion.
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Introduction 

Despite the rapid development of noninvasive imaging methods, thoracic aortic an-
eurysms and dissections remain one of the most frequent causes of sudden cardiac death, 
amounting to 5.9 cases per 100K people per year [1]. Aortic dissection is a violation of the 
integrity of its intimal and medial layers, resulting in intimal detachment and intramural 
hematoma. In the natural course of dissection, inflammatory response to thrombosis in 
the medial layer initiates further necrosis and apoptosis of aortic smooth muscle cells 
and elastoid degeneration, which may cause aortic aneurysm and aortic wall rupture [2]. 
Based on the area of proximal fenestra dissection, there are several classifications. The 
most common today are the DeBakey and Stanford classification systems.

According to the DeBakey classification, there are 3 types: Type I, when dissection in-
volves the aortic arch, the ascending and descending parts of the thoracic aorta; Type II — 
proximal fenestration and dissection involve only the ascending aorta; Type III — prox-
imal intimal tear is limited only to the descending thoracic aorta. Since the treatment 
tactics of Types I and II are similar, currently the most common anatomical classification 
is Stanford, according to which Type A is the proximal/ascending type, and Type B is the 
distal/descending one [3].

For planning various types of endovascular repair for aortic dissection, Mitchell et 
al. have developed a special anatomical classification based on which the aortic arch, its 
ascending and descending sections are divided into zones within which proximal stent-
graft is fixed (Fig. 1) [4].

According to Coady et al., about 20 % of thoracic aortic aneurysms are associated 
with congenital connective tissue defect, the most famous of which are the Marfan, Ehlers-
Danlos syndromes and some others [5]. Acquired aneurysms can be caused by aortic 
arterial sclerotic disease, infections (syphilitic mesaortitis, “mycotic” aneurysms), autoim-
mune diseases (Takayasu, Behcet’s, Ormond’s diseases), iatrogenic aortic lesions, and in-
juries, etc. [6; 7]. Traumatic aortic injury, both independently and with subsequent aneu-
rysm formation, in the absence of diagnosis and treatment can be fatal in 80 % [7]. 75 % of 
thoracic aortic traumatic injuries are the result of road traffic accidents. The mechanism is 
based on the abrupt displacement of the heart and aortic arch 
relative to the fixed aortic ligament of the descending aorta 
[6]. Due to the lack of specific symptoms, the patient’s con-
dition is often underestimated at presentation. The optimal 
medical therapy of descending aortic dissection alone may 
lead to significant dilatation, which further requires repair. 
One of the risk factors of aneurysm rupture is growth rate. 
The average growth rate of non-traumatic thoracic aortic an-

Fig. 1. Mitchell — Ishimaru graft fixation zones 
Z0 — from ascending aorta to brachiocephalic trunk; Z1 — from brachio-

cephalic trunk to LCC artery; Z2 — from LCC artery to LSA; Z3 — from LSA to 
descending thoracic aorta; Z4 — to inferior thoracic aorta

Note: LCC artery  — left common carotid artery; LSA  — left subclavian  
artery.
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eurysms is 0.1 cm/year, while the average growth rate of thoracic aortic aneurysms with 
chronic dissection is from 0.24 cm/year for small aneurysms (over 4.0 cm) to 0.48 cm/year 
for aneurysms over 8.0 cm in diameter [8].

Computed tomography (CT), transesophageal echocardiography and magnetic reso-
nance imaging (MRI) are most used for the diagnosis of thoracic aortic aneurysm [9; 
10]. Transthoracic echo in parasternal position enables to visualize well only the root and 
proximal part of the ascending aorta, so it is a low sensitive diagnostic method, in contrast 
to transesophageal echo, especially if the aneurysm is localized in the descending aorta 
[11]. CT-angiography is the fastest, noninvasive most sensitive, specific, and accessible 
diagnostic method providing all necessary anatomical information for planning aortic 
repair. CT advantages are the capability of detailed assessment of anatomy and damage 
type, aneurysm localization, its relationship with main branches, intimal fenestration, etc. 
In case of contraindications to CT-angiography, such as CM intolerance, chronic kidney 
disease (CKD) C3b-C4, an alternative diagnostic method is MRI. Noninvasive imaging 
methods allow to determine patient management tactics and preferred surgical treatment 
method.

The most developing and promising trend of thoracoabdominal aortic aneurysm 
surgery is interventional and hybrid treatment methods characterized by a combination 
of open surgical and endovascular aortic intervention in one procedure or two different 
steps. These techniques can be an alternative to standard, technically challenging open 
surgical interventions associated with a high risk of postoperative complications and mor-
tality. Most authors now distinguish 3 types of hybrid interventions on aortic arch aneu-
rysms, depending on the anatomy and presence of graft fixation zones. In case of isolated 
arch aneurysm, classical debranching is performed, which is basically the ligation of the 
aortic branch ostia and switching blood flow to the main branches on a multibranch pros-
thesis. Depending on proximal fenestration location, debranching can be total — when 
all the branches of aortic arch are switched, subtotal — when blood flow is switched along 
2 or more vessels, and partial — when one vessel is switched. The second stage of interven-
tion is single-step or delayed stent-graft implantation. Preliminary debranching allows to 
avoid complications in the postoperative period. According to recent publications, even 
with partial blocking of aortic arch branches with an endoprosthesis, the hospital risk of 
stroke is 8 %, while the incidence of perioperative strokes does not exceed 2 % when the 
brachiocephalic arteries are switched [12; 13]. In case of proximal fenestration in the as-
cending aorta, the 2nd type of hybrid interventions is performed — creating an adequate 
proximal fixation zone using the open prosthesis of the ascending aorta [14]. In extended 
aneurysms (mega-aortic syndrome), when both the proximal and distal graft attachment 
zones are missing, the 3rd type of hybrid surgery is performed — the total open repair of 
the ascending aorta and arch in elephant trunk modification (Borst procedure), followed 
by stent-graft implantation into the thoracic aorta, which is fixed with transition to the 
overlying prosthetic aortic part [15–17].

When performing thoracic endovascular aortic repair (TEVAR), the morphology of 
the proximal and distal landing zones as well as aortic size should be well examined. For 
the intraoperative visualization of the anatomy and orientation of the endovascular in-
strument, it is reasonable to use auxiliary methods of imaging. CT-fusion is a method that 
allows projecting a 3D-anatomical model with color markers onto a live fluoroscopic im-
age. Data overlay aligns images with anatomical landmarks, bony or vascular, and merges 
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data with live fluoroscopy into a single coordinate system. The resulting CT mask auto-
matically adapts to changes in C-arm angle, table position, and field of view. The CT mask 
with planning markers and lines is available throughout the operation and can be further 
adjusted to changing anatomy. Although the clear benefit of using CT-fusion in routine 
endovascular aortic repair (EVAR) and TEVAR has not yet been demonstrated, the tech-
nology allows to significantly reduce the amount of the injected CM and procedural time 
in advanced aortic interventions (ChEVAR, BEVAR, FEVAR) [12].

Case presentation

Patient K., 50-years-old, with a long-term course of arterial hypertension. In 2009 he 
was treated for the consequences of a traffic accident (a blunt thoracic and abdominal 
trauma). 2010 CT data show a transection in the thoracic aorta and a left hemidiaphragm 
defect. He has refused to undergo surgical intervention.

Upon re-examination, native CT and CT-angiography visualized posttraumatic left 
hemidiaphragm hernia with prolapsing large and small intestine loops, significant left 
lung collapse, and the postdissection aneurysm of the aortic arch and descending section 
of type IIIa, according to DeBakey classification, Stanford type B (Fig. 2).

The absence of an adequate proximal graft fixation zone to preserve the left common 
carotid (LCC) and left subclavian artery (LSA) ostia did not allow isolated TEVAR. Despite 
the relative safety of endograft LSA overlay, the subsequent annual risk of ischemic stroke 
in the posterior cerebral circulation is up to 15 % according to various authors [13]. Ag-
gressive positioning with overlaying the left CCA mouth also significantly increases stroke 
risk both intra- and postoperatively. Given the relatively young age and therefore signifi-
cant life expectancy, the absence of severe somatic pathology, it was decided to abandon 
parallel graft techniques, in-situ fenestration for LCC and LSA or for LSA, and 1 parallel 
LCC artery graft. Ex consilium together with cardiothoracic surgeons, it was decided to 
perform the subtotal 1st-stage debranching of the aortic arch followed by endovascular 
repair with 1 stent-graft from the Z1 zone (Figure 1).

Fig. 2. Thoracic aortic aneurysm at the isthmus area (indicated by arrows), the outcome 
of DeBakey type IIIa traumatic dissection. The maximal diameter is 68 mm
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Under the conditions of artificial blood circulation (ABC) and antegrade cerebral 
perfusion combined with systemic hypothermia, under cerebral oximetry control, LSA 
and LCC artery debranching was performed using a trifurcated arch prosthesis with an 
additional perfusion branch. The 1st stage was complicated by class 3a CKD (CKD-EPI 
GFR at 52 mL/min/1.73m2) according to KDIGO 2012 [28]. Seven days after debranch-
ing and adequate oral and intravenous hydration, thoracic aortic CT-angiography was 
performed: LCC artery and LSA debranching visualized, a thoracic aortic aneurysm was 
visualized as an outcome of DeBakey type IIIa dissection, Stanford type B (Fig. 3). Un-
fortunately, the radiologists’ fear of provoking contrast-induced acute kidney injury (CI-
AKI) resulted in a smaller contrast medium volume and, consequently, a lower quality of 
CT-angiography, yet the necessary 3D information was obtained.

Eight days later, the endovascular repair of the arch and descending aorta was per-
formed. Preoperative spiral CT-angiography data after debranching using the EVAR AS-
SIST software suite (GE Healthcare, France) had been previously converted into 3D-re-
construction on the Advantage Workstation VolumeShare  4.7 (GE Healthcare, France) 
and combined with fluoroscopy in real time (Figure 4). The entire CT mask setup was 
performed by the first operator intraoperatively without any additional staff. The obtained 
3D-reconstruction of the thoracic aorta with color markers at brachiocephalic trunk os-
tium was used during the surgery as a navigation map over fluoroscopy. The right com-
mon femoral artery (CFA) was punctured under ultrasound (US) control, a 6F introducer 
(Terumo, Tokyo, Japan) was inserted into the arterial lumen, 2 sutures were created using 
Perclose ProGlide (Abbott, USA) suturing device. Additionally, through the right radial 
artery PigTail 5F (Cordis, USA) catheter was inserted and positioned in the ascending 
aorta. The right femoral artery introducer was replaced with a 12F (Boston Scientific, 
USA) and an ultra-hard Lunderquist (Cook Medical, USA) guidewire was inserted into 
the ascending aorta. An endograft Valiant Captivia VAMF3434C200TE (Medtronic, Min-
neapolis, USA) was positioned at Z1 zone and opened under CT-fusion control (Fig. 4).

Fig. 3. Condition after subtotal LCC artery and LSA debranching. Left: arrows 
indicate prosthetic branches to the LCC artery and LSA. Right: arrows indicate the 
clipped native LCC artery and LSA with the formation of the proximal endograft 
fixation zone
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The control angiography showed no signs of graft malposition or visible endoleak, the 
aneurysm was excluded from blood flow (Fig. 5). The puncture site of the right CFA was 
sutured percutaneously. The operation took 45 minutes, the patient’s effective dose was 
3.5 mSv, the CM volume was 65 ml. The fusion of the 3D thoracic aortic model with live 
fluoroscopy allowed to significantly reduce the patient dose, reduce CM usage, and almost 
completely focus on CT-fusion during implantation.

In the early postoperative period, the patient was dynamically examined by an inten-
sive care physician and a neurologist to control the possible early development of paraple-
gia. The patient’s neurologic status remained unchanged after endovascular repair. Aspirin 

Fig. 4. Endovascular repair from Z1 zone using CT-fusion technique. Left: arrow indicates distal edge 
of covered endograft part, positioning by color markers of CT-model. Right: arrow indicates opened endo-
graft in Z1 zone with coronal fixation at brachiocephalic trunk level

Fig. 5. Control CT-angiography after 
3  months. Endograft position (indicated by ar-
row) from Z1  zone. Aneurysm off blood flow, 
no leakage and dSINE detected. LCC artery, LSA 
anastomoses with no signs of stenosing

Note: dSINE, distal stent-graft-induced new entry.
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monotherapy was prescribed, and CT-angiography was recommended in 1 month, with 
monitoring serum creatinine (SCr).

After 3 months, according to CT-angiography, the aneurysm was completely exclud-
ed from the blood flow, no endoleak or new stent-induced dissections were detected. LCC 
artery and LSA anastomoses had no signs of stenosing. As of writing this, the patient was 
in good health, had no complaints, led an active lifestyle, and had been under observation 
for over 10 months.

Discussion 

To date, the ESC guidelines for aortic disease treatment make the decision to per-
form TEVAR according to anatomy, pathology, comorbidities, expected life span, using 
multidisciplinary approach [18]. The advantage of endovascular interventions is their low 
injury rate and a significant reduction in patient rehabilitation periods. However, in large 
aneurysm interventions with fenestrations more proximal to the LSA, one-stage graft im-
plantation is still complex or involves moderate to high surgical risks. Total or subto-
tal brachiocephalic arteries debranching as the first step allows to form a site for further 
TEVAR especially in young patients. Marullo et al., in a series of studies of patients with 
DeBakey type I aortic dissection who underwent ascending and aortic arch repair with 
debranching and subsequent endovascular treatment, showed that hospital mortality was 
4.2 %, with 2-year survival rate at 92.1 ± 7.9 % [19].

Due to growing interest in hybrid therapies, high usage of CM and exposure of both 
patients and staff remain an important issue. Based on data from several large meta-anal-
yses, imaging and image fusion programs during the TAE procedure have been shown to 
reduce both CM amount and radiation dose. Hertault et al. have demonstrated a signifi-
cant decrease in CM amount injected and a trend to reduce the time of surgical interven-
tion and fluoroscopy [20]. However, procedure time may depend on many factors, such as 
operator experience or perioperative complications [20]. For example, in 2011, Kobeiter et 
al. reported the first case of endovascular reconstruction of the thoracic aorta using an im-
age fusion technique without CM use, meanwhile noting a sharp increase in fluoroscopy 
time [21]. Yet in a study by McNally et al., procedure time (from skin incision/puncture 
to dressing) was a major factor. According to the data presented, there was a significant 
reduction in radiation exposure (3.4 ± 1.9 vs. 1.38 ± 0.52 mGy; P = 0.001), fluoroscopy 
time (63 ± 29 vs. 41 ± 11 min; P = 0.02) and CM use (69 ± 16 vs. 26 ± 8 ml; P = 0.0002) 
when using intraoperative 3D-fusion CT [22].

Although the above data suggest that image fusion can reduce 2 key parameters (radi-
ation dose and contrast volume), this technique is still relatively new. Information project-
ed on the fluoroscopic screen is extracted from a preoperative CT scan that was performed 
at a different time, on a different table, and with the patient in a slightly different position. 
A combination of these factors can affect the accuracy of the superimposed image. In ad-
dition, accuracy may be adversely affected by anatomy distortion by endovascular devices 
and patient movements including breathing. Tortuous vessels can be straightened by the 
insertion of rigid endovascular guidewires.

Recent studies describing image fusion experience show that the CT-fusion method 
is not accurate enough to rely on completely [23–27]. However, despite possible inaccura-
cies, the image overlay technique can serve as a rough guide for the physician.
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Another disadvantage of the Fusion-Imaging technology is the additional need to 
purchase a software suite. Moreover, the learning curve can affect fusion technique ac-
curacy. The time taken to fuse images and fusion inaccuracies are expected to be reduced 
as experience increases. However, to date, there are no studies reporting any effect of the 
learning curve on 3D image fusion technology.

Conclusions

1. Combining 3D CT imaging with fluoroscopy is a dynamically developing tech-
nology, and to date its potential has not been fully unlocked.

2. Our clinical case and literature data suggest that the use of this technique sig-
nificantly reduces CM amount injected and reduces intervention duration and 
fluoroscopy time.

3. The high complexity of current interventions requires the use of auxiliary tech-
niques to combine 3D-imaging and fluoroscopy for planning and intraoperative 
positioning of endoprostheses. However, due to the software’s complexity and 
high cost, this technology is still not widespread.

4. The disadvantages of this technology include the fact that the 3D model remains 
rigid and immobile. After all, even small changes in patient position, pronounced 
respiratory excursion can lead to errors in stent-graft positioning. Moreover, the 
anatomy of the aorta and its branches may change if rigid guidewires, catheters 
or endoprostheses are inserted, which requires recalibrating the 3D-model.

5. The prospect of this technique is also revealed for other interventions, such as 
transcatheter aortic valve replacement, atherosclerotic lesions of lower limb ar-
teries, embolization in interventional oncology and embolization using spirals 
and adhesive compositions in neurosurgery.

Our center’s experience has shown that the fusion of 3D images derived from CT 
data can facilitate intraoperative management during aortic endovascular repair, as well as 
significantly reduce CM amount used and reduce operation time. Drawn rings and color 
markers are useful for visualization, overlay correction, and manipulation control. There 
is a need for further development and refinement of the technique to ensure accurate, 
real-time automatic registration and correction of the CT mask according to the changed 
vascular anatomy after rigid instrument insertion.
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