Aortic balloon occlusion simplifies dissected thoracoabdominal aortic aneurysm repair after frozen elephant trunk
Jinlin Wu1*, Yang Jue1, Changjiang Yu1, Jun Ke1, Zhongmin Cao1, Yangfen Wu1, Ruixin Fan1*, Tucheng Sun1*, Xin Li1*

1Department of Cardiac Surgery, Guangdong Cardiovascular Institute, Guangdong Provincial People's Hospital, Guangdong Academy of Medical Sciences, Guangzhou, China.

*Corresponding authors: 
Jinlin Wu, MD, Department of Cardiac Surgery, Guangdong Cardiovascular Institute, Guangdong Provincial People's Hospital, Guangdong Academy of Medical Sciences, Guangzhou, China. wujinlin@gdph.org.cn
Ruixin Fan, MD, Department of Cardiac Surgery, Guangdong Cardiovascular Institute, Guangdong Provincial People's Hospital, Guangdong Academy of Medical Sciences, Guangzhou, China. fanruixin@163.com
Tucheng Sun, MD, Department of Cardiac Surgery, Guangdong Cardiovascular Institute, Guangdong Provincial People's Hospital, Guangdong Academy of Medical Sciences, Guangzhou, China. suntucheng@126.com
Xin Li, MD, Department of Cardiac Surgery, Guangdong Cardiovascular Institute, Guangdong Provincial People's Hospital, Guangdong Academy of Medical Sciences, Guangzhou, China. lixin337000@163.com

Word Count (total): 1798

Figures: 2






Abstract
Here, we report a case of a dissected thoracoabdominal aortic aneurysm repair after frozen elephant trunk implantation, using aortic balloon occlusion technique to simplify the proximal anastomosis and avoid deep hypothermic circulatory arrest. In addition, detailed CT follow-up pictures showed that false lumen thrombosis is a time-dependent and reversible variable. Repeated measurements with time series analysis should be performed to explore false lumen remodeling.
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Introduction
Thoracoabdominal aortic aneurysm (TAAA) repair is among the most challenging operations in cardiovascular surgery. [1] Despite the provision of more options by the rapid advances in endovascular treatment, open repair is still the gold standard. In cases of TAAA difficult to be dissected free of surrounding tissues and/or it is hard to perform proximal clamping, the implementation of deep hypothermic circulatory arrest (DHCA) is indispensable for open proximal anastomosis. However, because of the related coagulation disorders, systemic inflammatory response, and displacement of body fluids, et al., many surgeons try not to apply DHCA in TAAA repair. Herein, we report a case of a dissected TAAA repair after frozen elephant trunk (FET) procedure, in which we used aortic balloon occlusion technique to simplify the proximal anastomosis and avoid DHCA when the proximal clamping was not feasible.

Case description
The patient was a 31-year-old male, 169 cm tall and weighing 91 kg. He received Bentall procedure and total aortic arch replacement (Gelweave Four Branch Plexus graft, 24/10/8/8/10 mm, VASCUTEK Ltd., Inchinnan, UK) with FET (Cronus, 23*80 cm, MicroPort Medical Co., Ltd., Shanghai, China) for type A aortic dissection (Figure 1A) 2.5 years ago. The CT scans immediately after the initial repair (Figure 1B) and 1.5 years later (Figure 1C) revealed a completely thrombosed false lumen around FET. The aortic diameter of the FET segment was significantly reduced, with satisfactory remodeling. Two years later, the patient developed chest and abdomen pain. The CT scan revealed that the false lumen around the FET turned patent again, with a maximum diameter of 42 mm (Figure 1D). The pain was relieved after conservative treatment, and the patient was discharged under strict surveillance. Four months later, the patient was admitted again due to aggravating pain. The CT scan showed a fully patent false lumen with rapid expansion reaching up to 61 mm (Figure 1E). To prevent further expansion and possible rupture of the TAAA, the patient was subjected to TAAA repair as described in detail below.
Preoperative preventive cerebrospinal fluid drainage was performed, and the arterial pressure was measured at the right upper and lower extremities. After general anesthesia, the patient was positioned at the right lateral decubitus position. Left thoracotomy was made, and the chest was entered through the sixth intercostal space. After heparinization, a left heart bypass was established through cannulation of the left femoral artery and the left lower pulmonary vein. The TAAA was dissected free of the surrounding tissues. To perform the aortic occlusion, we palpated the outer wall of the aorta to confirm the FET position. Guided by transesophageal echocardiography, the aortic balloon catheter (Figure 2A) (CODA, 32 mm, Cook Incorporated, Bloomington, IN, USA) was inserted 3–5 cm lower to the distal end of FET by Seldinger technique (Figure 2B). A satisfactory blocking effect was determined by the blood pressure of the lower extremity measured at 0. Then, the aorta was distally clamped above the abdominal aorta, and the descending thoracic aorta was cut open longitudinally (Figure 2C). Proximal anastomosis was performed using a 24-mm 4-branched graft (Maquet Cardiovascular, Wayne, NJ, USA) in an end-to-end fashion. The balloon was withdrawn upon anastomosis completion. Further, the abdominal aorta was longitudinally opened, with the celiac trunk and superior mesenteric artery continuously perfused with warm blood, while the kidneys were perfused with cold crystalloid solution (lactated Ringer solution, methylprednisolone, and mannitol) every 10 minutes, with an initial volume of 300 mL, later reduced to 150 ml. To limit back-bleeding, 6-Fr balloon catheters were placed in the intercostal arteries to facilitate the intraoperative inspection. We usually anastomosed the celiac trunk, superior mesenteric artery, and right renal artery en bloc to the distal end of the four-branch graft and reconstructed the left renal artery and the left and right iliac arteries sequentially in an end-to-end manner to the side arm of the graft. In this case, due to the anatomic proximity, we directly trimmed the celiac trunk and the superior mesenteric and bilateral renal arteries into an island piece, which was next end-to-end anastomosed with the distal end of the four-branch graft. Then, the bilateral iliac arteries were reconstructed using end-to-end anastomosis with the side arm of the graft. Next, the T8-12 intercostal arteries were wrapped together in a roll shape and attached to another side arm of the graft. The remaining intercostal arteries were sewn closed. Finally, protamine was administered to neutralize heparin. After careful hemostasis, left thoracic and retroperitoneal drainage tubes were placed.
The operation time was 12 hours; the CPB time was 198 minutes. The patient recovered uneventfully. Written informed consent was obtained from the individual for the publication of any potentially identifiable images or data included in this article.

Discussion
In this case, we used aortic balloon occlusion technique to facilitate the proximal anastomosis, thereby avoiding DHCA in TAAA repair. Aortic balloon occlusion is more commonly used in aortic arch replacement, during which it is sometimes performed to block the descending aorta, so as to perfuse the lower body during distal arch anastomosis. [2] Admittedly, Aortic balloon occlusion technique is nothing new especially in the vascular medicine. To our best knowledge, this technique is seldomly treated as an option in the surgical arsenal. We aimed to call the attention of cardiovascular surgeons doing TAAA replacement where DHCA is traditionally supposed to be the first choice when direct clamping is not feasible. 
In the present case, we applied the technique in the proximal repair of TAAA replacement. Of note, the puncture point was at the proximal descending aorta instead of the femoral artery, which considerably reduced the difficulty of catheter insertion, which is especially important in dissection patients. DHCA has two sides, which can protect patients by lowering their metabolism, but it can also cause coagulopathy, systemic inflammation and so on. For TAAA replacement, it may be theoretically beneficial for patients to avoid DHCA considering the large surgical trauma, long operation time, and difficult hemostasis. 
Aortic balloon occlusion itself cannot be directly used in dissected TAAA, because of the fragile tissue and stiffened intimal flap. Hence, the presence of the FET provides a landing zone for the balloon. In our center, total arch replacement with FET has become the standard operation for type A aortic dissection. This operation promotes the remodeling of false lumen, enlarges true lumen, and reduces visceral ischemia. [3] In the replacement of the remaining TAAA after type A aortic dissection repair, the anastomosis at the end of the FET is much more convenient than the directly applied at the beginning of the descending aorta. 
[bookmark: _GoBack]Another point worth paying attention to is the variability of false lumen remodeling. Complete thrombosis of the false lumen is recognized as a sign of favorable remodeling. Our case shows that even completely closed false lumen poses a certain risk of re-patency and rapid expansion. This emphasizes the importance of long-term regular monitoring of aortic dissection. Conflicting evidence exists on the effect of false lumen thrombosis on the prognosis, and, based on CT scan findings during hospitalization, the patients in previous studies were divided into such with complete thrombosis, patency, and partial thrombosis. [4, 5] The inconsistencies between these studies may be explained by the ignorance of the bias caused by the volatile false lumen thrombosis. Study-specific differences, or even different patients within the same study but with diverse CTA collection windows, may lead to dissimilar grouping patterns. Therefore, false lumen thrombosis should be recognized as a time-dependent variable, and thus appropriate study designs and statistical evaluation methods such as time series analysis should be implemented in future research.
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Figure legends
Figure 1. Dynamic aortic remodeling confirmed by a series of cross-sectional CT scans around the frozen elephant trunk. (A) Preoperatively; (B) Immediately after the frozen elephant trunk implantation; (C) At 1.5 years after the frozen elephant trunk implantation; (D) At 2 years after the frozen elephant trunk implantation; (E) At 2.3 years after the frozen elephant trunk implantation.
Figure 2. (A) Aortic balloon catheter; (B) Aortic balloon catheter inserted using Seldinger technique below the frozen elephant trunk; (C) The descending thoracic aorta was cut open longitudinally, showing excellent occlusion effect.

