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Abstract

BACKGROUND

A 63-year-old female was diagnosed with acute Stanford type A aortic dissection.
The patient had pain in the chest and back for 1 wk. The computed tomography
angiography (CTA) showed Stanford type A aortic dissection (Myla type III aortic
arch). The intimal tear was located at the top of the aortic arch and retrograded to
the ascending aorta.

CASE SUMMARY

Preoperatively, a three-dimensional (3D)-printed model of the aortic arch was
made according to CTA data. Then, under the guidance of the 3D-printed aortic
model, a pre-fenestrated stent-graft was customized, and the diameter of the
stent-graft was reduced intraoperatively by surgeons. 3D printing, triple pre-
fenestration, and reduced diameter techniques were used during the surgery. The
CTA examinations were performed at the 3**mo and 1st year after the surgery; the
results showed that the aortic dissection was repaired without endoleak, and all
three branches of the aortic arch remained unobstructed.

CONCLUSION

Applying the triple pre-fenestration technique for aortic arch lesions was feasible
and minimally invasive in our case. The technique provides a new avenue for
thoracic endovascular aortic repair of Stanford type A aortic dissection.

Key Words: Type A aortic dissection; Aortic arch; Pre-fenestration; 3D printing;
Endovascular repair; Case report
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Core Tip: In this work, we report a treatment of Stanford type A aortic dissection by
triple pre-fenestration, reducing diameter, and three-dimensional-printing technique.
We performed a well-designed total endovascular repair in a patient in which the
dissection involved three branches of aortic arch and the ascending aorta. Moreover,
we discussed the advantage of three-dimensional-printing technique to guide the
application of modified triple pre-fenestrated stent-graft to treat Stanford type A aortic
dissection. Temporarily reducing stent diameter was also vital for success of the
operation.

Citation: Zhang M, Tong YH, Liu C, Li XQ, Liu CJ, Liu Z. Treatment of Stanford type A aortic
dissection with triple pre-fenestration, reduced diameter, and three-dimensional-printing
techniques: A case report. World J Clin Cases 2021; 9(1): 183-189

URL: https://www.wjgnet.com/2307-8960/full/v9/i1/183.htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i1.183

INTRODUCTION

Stanford type A aortic dissection (TAAD) is an extremely dangerous disease in which
the dissection involves the aortic arch or ascending aorta. Traditional thoracotomy
surgery is traumatic and has many postoperative complications!". Performing
endovascular repair in the aortic arch also has high rates of mortality and
complications, so the ascending aorta is perhaps the last frontier in thoracic
endovascular aortic repair (TEVAR)®. Currently, the in situ fenestration technique is
widely used in TAAD, but it requires the establishment of temporary bypass, which
can increase the risk of cerebral infarction’. Customized pre-fenestrated stent-grafts
can adapt to the anatomical variation in the aortic arch. We reported a case of TAAD
that was successfully treated by triple pre-fenestration, reduced diameter, and three-
dimensional (3D)-printing techniques.

CASE PRESENTATION

Chief complaints
Sudden chest pain that lasted for 1 wk.

History of present illness
A 63-year-old female patient was admitted to the Department of Vascular Surgery of
our hospital due to sudden chest pain in October 2018.

History of past illness

The patient had a history of coronary heart disease and underwent coronary stent
implantation in May 2017. She had hypertension for more than 10 years and was
treated regularly with nifedipine.

Personal and family history
The patient’s parents were healthy, and her personal history was normal.

Physical examination

Upon admission, the patient's body temperature was 36.5 °C, pulse was 72 times/min,
and blood pressure was 130/74 mm/Hg. Her breathing was steady, averaging 14
breaths per min. The patient had no chest deformities, and the breath sounds in both
lungs were normal. There was no abnormal uplift in her precardiac region and no
obvious expansion of her cardiac dullness boundary. Her heart rate was regular at 72
beats/min, and there was no pathological murmur. There were no positive signs in the
abdomen and no swelling in the lower limbs.
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Laboratory examinations

There were no significant abnormalities in preoperative routine blood tests, routine
stool tests, or biochemical examinations. The occult blood test of urine analysis
showed weak positive results. The value of D-dimer was 1.87 mg/L in plasma.

Imaging examinations

The computed tomography angiography (CTA) scan showed Stanford type A aortic
dissection (Myla type III aortic arch). The intimal tear was located at the top of the
aortic arch and retrograded to the ascending aorta (Figure 1). A series of operations
and imaging examinations were performed to address the intractable situation
(Table 1).

FINAL DIAGNOSIS

Stanford type A aortic dissection, coronary heart disease (postoperative coronary stent
implantation), and hypertension.

TREATMENT
Stage 1

Preoperatively, a 3D-printed model of the aortic arch was made according to CTA
data. The original computed tomography scan data were input into Mimics software
(Materialise’s interactive medical image control system; Materialise Co., Leuven,
Belgium) for 3D reconstruction. The 3D reconstruction data were input into design
software (Geomagic Studio 2014; Geomagic Co., Morrisville, NC, United States) for
further pre-processing. The computer-aided design for the mathematical model of
arteries could be obtained by using a reverse engineering technique to reconstruct the
nonparametric surface of arteries. To simulate the situation after stent implantation,
we dilated the narrow true lumen of the aortic dissection. Geomagic Design Direct
2014 (Geomagic Co.) was used to locate the positions of the three branches of the aortic
arch. Then, we used it to design the 3D printing guide plate and print the model.
Finally, the 3D-printed model was disinfected with ethylene oxide (Figure 1).

Stage 2

After successful anesthesia, the guidewire and gold-standard catheter were inserted
through the right femoral artery, entering the ascending aorta. Angiography was
performed to evaluate the dissection conditions. This was consistent with the
computed tomography scan results and indicated that the dissection was located at the
aortic arch and involved the ascending aorta.

A covered aortic stent-graft (40 mm x 200 mm; Captivia, Medtronic Co., Fridley,
MN, United States) was released in a 3D printing model to determine the pre-
fenestrated positions. We used an electric pen (CIRX Co., China) to make the pre-
fenestration (10 mm for the innominate artery, 7 mm for the left carotid artery, and 5
mm for the left subclavian artery). A dehaired platinum spring coil (Cook Co.,
Bloomington, IN, United States) was sewn up to the edge of the fenestration and the
large curved side of the aortic arch with 5-0 nonabsorbent sutures (JNJ Co., New
Brunswick, NJ, United States) to serve as a marker during the operation. Additionally,
4-0 nonabsorbent sutures (JNJ Co.) and V18 guidewires (Boston Scientific Co.,
Marlborough, MA, United States) were used to reduce the diameter of the stent to 24
mm (Figure 1).

Subsequently, we returned the modified stent-graft to the conveying sheath.
Bilateral cervical and left elbow incisions were made, and the vascular sheaths were
inserted into the bilateral carotid arteries and the left brachial artery. A soft guidewire
with a catheter was passed from the right femoral artery to the descending aorta and
then was exchanged with a stiff guidewire. A covered stent-graft (32 mm x 80 mm;
Ankura, Life Tech Co., China) was released at the descending aorta as a distal
restrictive stent. The modified stent-graft was released in the aortic arch. The
directions of the marks and fenestrations were adjusted to the large curved side of the
aortic arch. The stent-graft was released, and the diameter of the stent-graft was
reduced. The guidewires were super-selectively sent through the fenestrations into the
modified stent-graft. A covered stent-graft (13 mm x 40 mm; Fluency, Bard Co.,
Tempe, AZ, United States) was released through the guidewire in the innominate
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Table 1 Timeline

October 25,

Date 2018 November 3, 2018 February 6,2019 November 9, 2019
Operation Preoperative Stent implantation of thoracic aorta, innominate artery, left carotid artery, and 1% postoperative 2" postoperative
CTA left subclavian artery CTA CTA

CTA: Computed tomography angiography.

Figure 1 Details of treatment. A and B: Preoperative computed tomography reconstruction and cross-sectional image; C and D: Design of the three-
dimensional-printed model; E and F: Determination of the fenestrations and reduction in the diameter of the stent.

Jaishideng®

artery. A covered stent-graft (10 mm x 40 mm; Fluency, Bard Co.) was released
through the guidewire in the left carotid artery. Another 10 mm x 40 mm covered
stent-graft (Fluency, Bard Co.) was released through the guidewire in the left
subclavian artery. After confirming the correct position by angiography, we recovered
the original diameter of the modified stent-graft. The expanding balloons were used to
expand the fenestrations. Angiography showed that all the stents were in the correct
positions without obvious endoleak, and the three branches of the aortic arch were
unobstructed. The operation lasted approximately 4.5 h: 1.5 h for stent-graft
modification and 3 h for the operation (Figure2). The radiation time was
approximately 38 min, and the total radiation dose was 1029 mGy. Intraoperative
blood loss was approximately 200 mL without transfusion.

The patient recovered well after the surgery and returned to the general ward.
There was no temporary bypass during the operation, and no neurological
complications occurred after the surgery. The patient received long-term antiplatelet
treatment with aspirin (100 mg/d) and clopidogrel (50 mg/d) to prevent in-stent
restenosis, and she was discharged from the hospital 10 d after the surgery.

OUTCOME AND FOLLOW-UP

The CTA examination performed 3 mo after the surgery showed that the stents were in
the correct position without displacement, and all three branches of the aortic arch
were unobstructed. An intramural hematoma had formed. However, there was a small
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Figure 2 Postoperative follow-up. A: Preoperative angiography; B: Three branched stents entering the aortic stent; C: Postoperative angiography of the aortic
arch; D-F: Computed tomography reconstruction and cross-sectional image at 3 mo after surgery; G and I: Computed tomography reconstruction and cross-sectional
image at 1 year after surgery.

endoleak outside of the aortic stent-graft (Figure 2). Fortunately, the 1 year follow-up
CTA examination after surgery indicated that the endoleak had completely
disappeared. The intramural hematoma was mostly absorbed, and the lumen of the
primary aortic dissection aneurysm had not enlarged further (Figure 2).

DISCUSSION

In recent years, TEVAR has achieved rapid development and has been widely applied
to various descending aortic diseases. Compared with traditional open surgery,
TEVAR is safer and leads to fewer perioperative complications!’. Because of the
anatomical complexity of the aortic arch, there are still many difficulties to be solved
when we apply TEVAR to treat TAADPL. At present, the most common TEVAR
techniques include the chimney technique, branched stent technique, and in situ
fenestration and pre-fenestration techniques. The chimney technique is simple, but
postoperative endoleak and mid- to long-term retrograde ascending aortic dissection
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are common!l. The branched stent technique is less likely to cause endoleak because
there is no gap between the stents. However, because only single-branched stents are
available, hybrid surgery is still needed for three-branch lesions'. The in situ
fenestration technique can reconstruct anatomical structure, but it is not applicable to
all anatomical conditions. For cases of a Myla type (] aortic arch, in situ fenestration
would be more difficult. Temporary bypass during the surgery is needed because
blood flow in the aortic arch is blocked. In addition, the frequent operation of the
carotid artery and rupture of the covered stent-graft can cause many neurological
complications!”l. The pre-fenestration technique can avoid these disadvantages, but it is
very important to locate accurately the positions of the fenestrations. If the positions
are imprecise, serious complications or even surgical failure can occur.

In our case, the patient received triple pre-fenestration under the guidance of a 3D-
printed aortic model. We successfully completed triple pre-fenestration without
blocking carotid blood flow. No temporary bypass was established during the
operation, and no neurological complications were observed postoperatively. Singh
et all’! first used the pre-fenestration technique in the treatment of aortic disease in
1996. The pre-fenestration technique is theoretically suitable for all anatomical
conditions, and the mid- and long-term patency rates of this technique are higher than
those of other techniques. At present, there is no commercial fenestrated stent-graft in
China. Customized fenestrated stents are expensive and require a long customization
period, which makes them difficult to use in emergency cases. Therefore, it is an ideal
choice to perform pre-fenestration on commercial stent-grafts during operations!"*'!l,
For lesions of the aortic arch, accurate pre-fenestration positioning is highly required.
In the past, surgeons could only design fenestrated positions based on computerized
tomography results and measured linear distances. If the position was not accurate, it
would increase the difficulty and time cost of the operation. Although enlarging the
diameter of the fenestration was convenient during the operation, it was also prone to
cause endoleak. Therefore, accurate positioning is the most important technique in
pre-fenestration, especially in triple pre-fenestration.

The 3D printing technique enables surgeons to more intuitively understand the
relative spatial relationship between the aortic dissection or aneurysm and branches of
the aortic arch. Some hospitals use 3D-printed models in individual cases to guide
fenestration!""'*l. However, they only use 3D-printed models to understand spatial
relationships. We simulated the process of stent release in the aorta with professional
software and designed a 3D-printed model according to simulation results.
Afterwards, we released the stent-graft in the 3D-printed model to determine
accurately the pre-fenestration positions. Temporarily reducing the diameter of the
stent was also vital for the success of the operation. In this case, the diameter of the
stent was reduced to 60%. The stent could be easily adjusted because it was smaller
than the aorta. This technique improved the safety of the surgery. There was a gap
between the aortic arch and the stent so that the blood supply of the aortic arch would
not be blocked until the stent was completely released. There was adequate blood
supply in the carotid arteries, and no bypass was needed, which could reduce
neurological complications.

CONCLUSION

The pre-fenestration technique under the guidance of the 3D-printed aortic model
provided a new solution for type A aortic dissection The guidance of 3D printing
could accurately locate the fenestration positions. Reducing the diameter improved
surgical safety. The patient had no neurological complications or endoleak at the 1
year postoperative follow-up. However, the long-term results of the operation need
further research.
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