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Background: This study employed three surgical techniques: total arch replacement (TAR) with frozen elephant trunk (FET), aortic balloon occlusion technique (ABO) and hybrid aortic arch repair (HAR) on patients with type I aortic dissection in Fuwai Hospital, aiming to compare the early outcomes of these surgical armamentariums.

Methods: From January 2016 to December 2018, an overall 633 patients (431 of TAR+FET, 122 of HAR, and 80 of ABO) with type I aortic dissection were included in the study. Thirty-day mortality, stroke, paraplegia, re-exploration for bleeding, and renal replacement therapy were compared using the matching weight method (MWM).

Results: After MWM process, the baseline characteristics were comparable among three TAR groups. It showed that ABO group had the longest cardiopulmonary bypass (p < 0.001) and aortic cross-clamp time (p < 0.001), while the operation time was longest in the HAR group (p = 0.039). There was no significant difference in 30-day mortality among groups (p = 0.783). Furthermore, the incidence of stroke (p = 0.679), paraplegia (p = 0.104), re-exploration for bleeding (p = 0.313), and CRRT (p = 0.834) demonstrated no significant difference. Of note, no significant differences were found regarding these outcomes even before using MWM.

Conclusions: Based on the early outcomes, the three TAR approaches were equally applicable to type I aortic dissection. We may choose the specific procedure relatively flexibly according to patient status and surgeon's expertise. Importantly, long-term investigations are warranted to determine whether above approaches remain to be of equivalent efficacy and safety.
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INTRODUCTION

DeBakey type I dissection is a catastrophic emergency with high mortality and morbidity. A robust body of evidence have confirmed the efficacy and safety of the total arch replacement with frozen elephant trunk (TAR + FET) (1–4). However, there are certain risks associated with the use of hypothermic circulatory arrest (HCA) (5). In recent years, hybrid TAR (HAR) and aortic balloon occlusion (ABO) have also been gaining the popularity in our center, which would help to avoid or reduce HCA time. The HAR obviates the need for the circulatory arrest and the ABO technique can shorten the circulatory arrest time significantly.

As we continued to diversify out surgical armamentarium, it remains unknown the best techniques. In the current study, we aimed to compare the early outcomes of the aforementioned three strategies (TAR+FET, HAR, and ABO) to generate some evidence that may ultimately standardize or justify our clinical practice.



METHODS


Study Population

Between January 2016 and December 2018, a total of 633 patients with acute DeBakey type I dissection were enrolled in this study. Patients were diagnosed with computed tomography. Transthoracic echocardiography or intraoperative transesophageal echocardiography was deployed to assess the morphology of the aortic valves. All patients underwent total arch replacement. And they were divided into 3 groups according to the surgical techniques. Four hundred thirty-one patients underwent TAR+FET; 122 patients underwent HAR; 80 patients underwent the ABO technique. Four fixed surgeons performed type I aortic dissection surgery in our center. All they were chief surgeon, had more than 15 years clinical experience, had performed more than 50 cases aortic operations, had the same operation experience. This study was approved by the institutional review board (Ethics Committee of Fuwai Hospital), with informed consent not required due to its observational nature. (Approval NO: 2017-877).



Definitions

The postoperative complications and comorbidities were defined according to The Society of Thoracic Surgeons definitions (http://www.sts.org/national-database).

Penn classification was based on ischemic profiles (6, 7). Early mortality referred to death within 30 days after the surgery (including intraoperative death).



Surgical Techniques
 
TAR+FET Group

The detailed procedures were described previously (8). In brief, median sternotomy was made and total cardiopulmonary bypass (CPB) was established. Arterial cannulation was performed at the right axillary artery in our daily practice. When CPB was established, cooling was also initiated to reach 32°C. When the cardiac arrest was achieved, the distal ascending aorta was clamped. During the cooling phase, the ascending aorta was managed according to the specific situation. When the nasopharyngeal temperature reached 20–25°C, the deep hypothermic circulatory arrest (DHCA) was instituted. Then antegrade cerebral perfusion (ACP) (flow rate: 8–12 mL/kg/min) was initiated. After 3 brachiocephalic vessels were clamped separately, we transected the aortic arch between the left common carotid artery and left subclavian artery. Under the direct vision, the FET stent-graft (MicroPort Medical Co., Ltd, Shanghai, China) was placed into the true lumen of the descending aorta. Then it was anastomosed to the 4-branched graft (Meadox Hemashield Platinum 4 Branch Graft, Boston Scientific Inc., Marlborough, Mass) in an end-to-end fashion. When distal anastomosis was completed, lower body perfusion was resumed. The left common carotid artery was anastomosed to the 4-branched graft, followed by rewarming. Then the proximal end of the 4-branched graft was sutured to the ascending aorta. Finally, the left subclavian and the innominate artery were sutured to the 4-branched graft in an end-to-end fashion.




HAR Group (Hybrid TAR Without Circulatory Arrest)

All patients underwent type II hybrid aortic arch repair without circulatory arrest. Patients underwent a median sternotomy and the right femoral artery was cannulated. After the CPB and cooling phase (28–32°C), we repaired the aortic root or ascending aorta. Then, the proximal end of the 4-branched graft was sutured to the ascending aorta. The distal end of it was sutured to the position before the origin of the innominate artery, following which the rewarming initiated. Then, an end-to-end anastomosis was made between the 4-branched graft and the left common carotid artery, as well as the left subclavian artery and the innominate artery. The Z0 zone was converted into an artificial blood vessel. The lesions in the aortic arch were isolated by the stented graft that was anchored to the artificial blood vessel. Herein, we used four types of stents: Zenith (Cook Medical Inc., Bloomington, IN, USA), Relay (Bolton Medical, Sunrise, FL, USA), Talent and Valiant (Medtronic Inc., Santa Rosa, CA, USA), and Hercules (MicroPort Medical Co., Ltd, Shanghai, China). During the procedure, the surgeon should ascertain the patency of the left subclavian artificial vessel origin. Primarily, the stented graft was placed via femoral access. The surgical procedure was performed as one-stage procedure in the hybrid operating room and the operation time included the time for inserting a stent graft.



ABO Group

It is different from the hybrid technique. The surgical procedures were carried out, as described previously (9). The ABO technique is an improvement to the TAR+FET as it decreases the circulatory arrest time. Patients underwent median sternotomy and CPB; when the nasopharyngeal temperature reached 28°C, the circulatory arrest was initiated. The right axillary artery was utilized to establish the ACP. After the aortic arch was transected between the left subclavian and the left common carotid arteries, the stented elephant trunk was implanted into the true lumen of the descending aorta (Cronus, MicroPort Endovascular Shanghai Co., Ltd, China). Concurrently, the aortic balloon with the sheath was placed into the metal region of the stented graft, followed by 40–45 mL normal saline injected into the balloon. The sheath could press the inflated balloon to a fixed position, following which, the perfusion of the lower extremity was restored via the right femoral artery, and the circulatory arrest time was reduced to ~5 min. Then, the balloon and sheath were removed when the 4-branched prosthetic graft was anastomosed to the descending aorta. After the left common carotid artery was reconstructed, the rewarming was begun, and CPB flow was returned to normal. The ascending aorta, the left subclavian, and innominate arteries were reconstructed sequentially.

Schematic diagrams of the three total arch replacement strategies are shown in the Supplementary Material 1.



Statistical Analysis

Kolmogorov–Smirnov tests were performed to detect the normal distribution of continuous variables, which were presented as mean and standard deviation. For variables with a normal distribution and homogeneity of variance, a one-way analysis of variance (ANOVA) test was performed. The Kruskal-Wallis rank sum test was used for variables with a non-normal distribution. The categorical variables were described as frequency and percentage (%). Compared by the Chi-square test or Fisher's exact test. The matching weight method was used to calculate the weights. The matching weight method is an extension of inverse probability of treatment weighting (IPTW) that reweights both exposed and unexposed groups to emulate a propensity score matched population (10). The TriMatch package in R was used to compare the 3 groups. The balance between the 3 groups was assessed using standardized mean differences (SMD). After that, logistic regression was performed to assess the relationship between surgical strategies and 30-day mortality, with HAR group set as the reference.

A P-value threshold of 0.05 was considered significant. Statistical analyses were performed using R version 3.6.3.




RESULTS


Patient Demographics

Patient characteristics were shown in Table 1. Between January 2016 and December 2018, a total of 633 patients [540 (85.3%) acute, 67 (10.6%) sub-acute, and 26 (4.1%) chronic] with type I aortic dissection were included in the study. We found the degree of urgency of the treated cases (122 HAR:105 (86.1%) acute,14 (11.5%) sub-acute, 3 (2.5%) chronic; 431 TAR+FET:368 (85.4%) acute, 45 (10.4%) sub-acute, 18 (4.2%) chronic; 80 ABO: 67 (83.8%) acute, 8 (10.0%) sub-acute, 5 (6.2%) chronic) (p = 0.761) was not significantly different between 3 groups. Most of the patients (85.3%) were acute type I aortic dissection. The proportion of patients with sub-acute or chronic type I aortic dissection is very small. They are not sufficient to affect the outcome. As for the time from referral to surgery, most of the patients underwent the surgery on the day of admission.


Table 1. Preoperative characteristics of the total cohort and each group before using the matching weight method.

[image: Table 1]

Before MWM, 72.7% of the patients were men, and the average age of all patients was 51.3 ± 11.8 years. The patients in the HAR group was significantly older than the patients in the TAR+FET and ABO groups (p < 0.001). The proportion of patients with a history of cardiac surgery was higher in the ABO group (p = 0.021). The percentages of patients with Marfan syndrome (p = 0.007) was higher in the TAR+FET group. Patients in the HAR group had a lower hemoglobin level than the other two groups (p = 0.018).

After MWM, there was no significant differences for the demographic characteristics (Table 2). The love plot shows that the 3 groups were well-matched at baseline with the SMD of each variable < 0.1 (Figure 1).


Table 2. Preoperative characteristics of the total cohort and each group after using the matching weight method.
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FIGURE 1. The love plot of standardized differences before and after matching. After using the matching weight method, the 3 groups were well-matched at baseline with the SMD of each variable < 0.1.




Operative Data

Table 3 shows the operative data among the 3 groups. The CPB time and ACC time were significantly longer in the ABO group than the other groups (p < 0.001). After MWM, the operation time was longer in the HAR group than the other groups (p = 0.039) (Table 4).


Table 3. Operative variables for the total cohort and each group before using the matching weight method.

[image: Table 3]


Table 4. Operative variables for the total cohort and each group after using the matching weight method.

[image: Table 4]



Clinical Outcomes Before MWM

Before MWM process, as shown in Table 5, the early outcomes were similar among the 3 groups.


Table 5. Early outcomes for the total cohort and each group before using the matching weight method.
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The overall 30-day mortality rate was 5.1%, and there was no statistical significance between the 3 groups with regard to 30-day mortality (HAR vs. TAR+FET vs. ABO: 7.4 vs. 4.4 vs. 5.0%, p = 0.418). There was no significant difference between the 3 groups with regard to stroke (HAR vs. TAR+FET vs. ABO: 1.6 vs. 3.0 vs. 1.2%, p = 0.512), paraplegia (HAR vs. TAR+FET vs. ABO: 3.3 vs. 2.8 vs. 0.0%, p = 0.291) and CRRT (HAR vs. TAR+FET vs. ABO: 9.0 vs. 6.3 vs. 6.2%, p = 0.554).

Our stroke rate was low. This might be explained by the younger age of the patients in our group. After statistical analyzing, the average age in our group was 51.3 ± 11.8 years, which was about 10 years younger compared to European and American reports (11). This was consistent with other Chinese reports on Chinese aortic dissection patients (12–14). For the younger patients, the atheromatous plaque was rarely found in the dissected aorta during the surgery.



Clinical Outcomes After MWM

After MWM, there was no statistical significance between the 3 groups with regard to 30-day mortality. In addition, there was no statistically significant differences between the 3 groups with regard to stroke, paraplegia and re-exploration for bleeding, respectively. However, the tracheotomy rate was significantly higher in the ABO group (p = 0.001) (Table 6).


Table 6. Early outcomes for the total cohort and each group after using the matching weight method.
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The logistic regression analysis also showed no difference in early mortality between the 3 groups. (TAR+FET vs. HAR: OR = 0.75 (0.29,1.94), P = 0.554) (ABO vs. HAR: OR = 0.71 (0.19,2.70), P = 0.613).




COMMENT

Surgery has been well-acknowledged to be the best selection for Debakey type I dissection. Presently, most published data only focused on the comparison between two techniques. Our research has compared the early outcomes of the three groups (Supplementary Figure 2). TAR+FET is an important operation for Debakey type I dissection especially when the tear was located in aortic arch. However, it was associated with inevitably the DHCA-related complications. Two other surgical techniques (HAR and ABO) have been employed to address this conundrum in our center. The HAR technique obviate the need for the circulatory arrest and the ABO technique shorten the circulatory arrest time to ~5 min. However, there is a paucity of data comparing these three surgical techniques, necessitating the current study.

In our study, we did not detect a significant difference between the TAR+FET, ABO, and HAR techniques with regard to 30-day mortality and post-operative adverse events. Convergent with our study, Hiraoka and colleagues (15) found no significant differences in 30-day, in-hospital, and operative mortality between HAR and TAR+FET groups. However, they found that the incidence of stroke in the HAR group was higher than the TAR+FET groups. The proportion of patients with ruptured aorta (p = 0.0302) was higher in the HAR group, which might cause atherosclerotic plaque instability, and the shedding of the carotid plaque might cause a higher stroke rate in the HAR group. The endograft delivery system, the rigid wires, or the bare-metal anchoring system may also be the potential risk factors for embolization (16, 17).

ABO technique was supposed to be superior to open total arch replacement with frozen elephant trunk theoretically. Previous study (18) showed that the ABO technique exerted some protective effects on the liver and kidney. It can also shorten the circulatory arrest time and elevate the lowest nasopharyngeal temperature to 28°C. The average ventilator supporting time was also shortened. However, the patients in the ABO group underwent longer ACC (126.6 ± 33.5 vs. 116.6 ± 40.9 min, p = 0.017) and CPB (193.5 ± 51.3 vs. 180.5 ± 57.9 min, p = 0.033) than the TAR+FET group in this study. It could be due the early stage of learning curve to this novel technique. We also found that the rate of tracheotomy was higher in the ABO group. The longer CPB duration might increase the risk of postoperative pulmonary infection, which leads to a high rate of tracheotomy.

In China, most of the patients underwent total arch replacement. Since Sun and his colleagues introduced this surgery in 2006 (2), TAR+FET has become increasingly popular in China. But it has not been widely adopted for type I aortic dissection throughout the world. Hemiarch or ascending aortic replacement yields favorable early outcomes, but they are associated with poor false lumen remodeling and high long-term reoperation rates (19). TAR+FET technique can effectively remove arch lesions, and promoting obliteration of the false lumen (1, 20). But it still carries a non-negligible risk of adverse events due to longer circulatory arrest. The hybrid technique does not necessitate circulatory arrest, but the patients in the HAR group are burdened with high surgical risk profile (21). Presently, we do not have a specific risk score to assist and evaluate the patients who underwent aortic surgery (22). HAR may be a better option for patients with preoperative liver and kidney insufficiency or organ malperfusion (19). But the stroke rate and the number of late aortic events was higher in the HAR group (compared with TAR+FET). And it was also associated with reduced long-term survival beyond 5 years (23). So HAR technique is suitable for patients with significant comorbidities. ABO technique also has protective effects on liver and kidney (18). It may be a better option for patients with hepatorenal dysfunction, combining with high risk of stroke. But it had the longest ACC and CPB among the three groups according to our present findings. As a relatively novel technique, it needs more robust evidence. The key difference between these 3 techniques relies on the HCA time. Some researchers propose that the shorter the circulatory arrest take, the better the patients become. But rapid temperature changes may lead to brain tissue damage. More long-term clinical studies investigations are warranted to determine which surgical strategy yield superior clinical outcome, and whether they remain to be of equivalent efficacy and safeties.



LIMITATIONS

As a retrospective study, our study also had some limitations. The number of patients in the ABO group was limited and we can only explore the early outcomes. Because the ABO technique is a relatively novel surgery, which was first performed in 2016. ABO technique is a relatively novel surgery, which was first performed in 2017. We are now enrolling more patients undergoing ABO surgery into the registry. Second, three kinds of techniques were performed by different groups in our institute. However, the surgeries were performed by experienced surgeons who were selected by rigid standards in our center.



CONCLUSION

Based on the early outcomes, the three TAR approaches were equally applicable to type I aortic dissection. We may choose the specific procedure relatively flexibly according to patient status and surgeon's expertise. Importantly, long-term investigations are warranted to determine whether they remain to be of equivalent efficacy and safety.
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TAR+FET, total arch replacement with frozen elephant trunk; ABO, aortic balloon occlusion; HAR, hybrid aortic arch repair; CRRT, continuous renal replacement therapy.
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TAR+FET, total arch replacement with frozen elephant trunk; ABO, aortic balloon occlusion; HAR, hybrid aortic arch repair; MFS, Marfan syndrome; COPD, chronic obstructive pulmonary

disease; CAD, coronary artery disease.
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TARHFET, total arch replacement with frozen elephant trunk; ABO, aortic balloon occlusion; HAR, hybrid aortic arch repair; CABG, coronary artery bypass graft; CPB, cardiopulmonary

bypass; ACC, aortic cross-clamp time.
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TAR+FET, total arch replacement with frozen elephant trunk; ABO, aortic balloon occlusion; HAR, hybrid aortic arch repair; CRRT, continuous renal replacement therapy.
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