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ABSTRACT

Background: After proximal aortic surgery, total arch 
replacement (TAR) may again be needed because of recur-
rent dissection or aneurysm. This paper analyzed the relevant 
data of this technology with hopes of improving cognition 
and treatment.

Methods: There were a total of 60 eligible cases of sec-
ondary TAR after proximal aortic surgery in our center from 
2010 to 2020. The primary surgical procedures included 
aortic valve replacement (AVR), ascending aortic replace-
ment, Bentall, hemi-arch replacement, and thoracic endovas-
cular aortic repair (TEVAR). The data were analyzed using 
the IBM SPSS Statistics 23.0 for Windows™ and presented 
as the mean ± standard deviations and direct frequencies, as 
appropriate.

Results: The interval between two operations was 
44.8±53.6 months, 24 cases (40%) underwent emergency 
operation, the recurrence of type A dissection included 51 
cases, accounting for 85% of the causes of total arch re-
replacement. In the second surgical procedures, the ascending 
+ TAR + stented elephant trunk (SET) implantation accounted 
for 75.0%. The overall surgical success rate was 98.3%. Post-
operative respiratory complications were the most common, 
including infection, pneumothorax and hemothorax in 21 
cases (35.6%). The second most common complication was 
acute kidney injury (AKI) in six cases (10.2%), and neuro-
logical complications took place in three cases (5.1%). The 
30-day mortality rate was 15.3% and the 1-, 3- and 5-year 
survival rates were 96.0%, 84.0%, and 76.0%, respectively.

Conclusions: The recurrence of dissection is the main 
cause of TAR after proximal aortic surgery, followed by aneu-
rysm and the resurgical criteria for aneurysm needs to be uni-
fied. In addition to TAR, SET also is widely used. Despite 
high early mortality, its long-term prognosis is acceptable.

INTRODUCTION

Being young, Marfan syndrome (MFS), incomplete 
removal of the lacerated tissue during the first operation, and 
aortic valve regurgitation all were independent risk factors 
for reoperation of the aorta [Suzuki 2018]. According to the 
statistics of the International Registry of Aortic Dissection 
(IRAD), the probability of recurrent dissection after cardiac 
surgery which results from iatrogenic injury is about 5%, of 
which 76% was Stanford type A and 24% was type B [Januzzi 
2002]. In addition to the dissection, there are more aortic 
aneurysms [Nishi 2010], proximal vascular structure changes, 
aortic valve regurgitation, and hemodynamic cause aortic 
dilation. The success rate of intravascular repair of type A 
aortic dissection (TAAD) is desirable, but the ascending and 
descending have very different hemodynamic characteristics 
and anatomical structure in diameter. The incidence of post-
operative leakage is approximately 14.3% [Zhang 2019]. The 
retrograde type A dissection (RTAD) was calculated at 2.5% 
with a high mortality rate of 37.1% [Chen 2017]. So, reopera-
tion in patients treated with TAAD with interventional therapy 
is of higher rate and more urgent. Estrera and his colleagues 
calculated that 62% of reoperations after aortic dissection 
were performed with TAR [Estrera 2007]. The ascending + 
TAR + SET, also known as Sun's surgery, is a surgical strat-
egy for treating arch involvement of TAAD after Bentall and 
other operations, especially for MFS patients [Sun 2011]. In 
the work, we also found that after proximal surgery, artificial 
vascular replacement in the arch was necessary to completely 
remove the pathological tissue, and stent implantation in the 
descending was necessary to close the distal pseudocavity for 
thrombosis. However, the history of cardiac surgery also acts 
as one of the important factors affecting prognosis [Rampoldi 
2007]. Therefore, we analyzed the therapeutic effect of TAR 
after proximal aortic intervention.

METHODS

Patients’ inclusion: We collected the information of 60 
cases of TAR after proximal aortic surgery in our center from 
2010 to 2020. This included 48 males (80%) with an average 
age of 52.5±12.3 years old. Among them, 41 (68.3%) patients 
had hypertension and 11 (18.3%) had Marfan syndrome. 
Patient consent for publication was obtained from all indi-
viduals involved in our study.

Proximal aortic surgery includes simple AVR in addition to 
artificial replacement of aortic root and ascending. The AVR 
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may change the anatomical morphology and blood flow state 
of normal root after surgery and also is a risk factor for dissec-
tion or aneurysm. The case breakdown is as follows: 18 cases 
(30%) of Bentall+ SET (including 5 cases of hemi-arch replace-
ment), 4 cases (6.7%) of ascending replacement, ascending + 
hemi-arch replacement + SET in 1 case (1.7%), AVR in 6 cases 
(10.0%), and TEVAR in 31 cases (51.7%). (Table 1)

Reoperation: The median thoracic incision was used in 
all cases. Unilateral cerebral perfusion and deep hypothermia 
circulatory stop were performed, and intubation was estab-
lished through the femoral artery and vein before thoracot-
omy because the pericardial adhesion of patients with previ-
ous thoracotomy was serious. Therefore, it was difficult to 
perform stripping again, which was prone to massive bleed-
ing and other accidents. Extracorporeal circulation was estab-
lished after ACT > 480sec, the proximal end of the heart was 
first treated. The root artificial vessels were removed, and the 
artificial aortic valve was retained. The quadrifurcated arti-
ficial vessels were anastomosed with the valve edge, and the 
coronary openings were examined. When the openings were 
affected by dissection, 4-0 propyl line was used to seal the 
openings, and collateral circulation was established through 
the great saphenous vein and artificial vessels. The left subcla-
vicular artery and left carotid artery were blocked. Cerebral 
perfusion was established through the innominate artery, cir-
culation was stopped after cooling to 26-28℃, the arch tissue 
and internal stent were completely cut off, descending aortic 
stent was retained and pruned proximal, and the appropriate 
stent was re-inserted. After release, the pseudocavity opening 

was completely occluded and anastomosed with the quadri-
partite artificial vessels. Then, the left subclavian artery, left 
carotid artery, and innominate artery were anastomosed in 
sequence, and open perfusion was performed after each anas-
tomosis to reduce the ischemia time.

RESULTS

Etiology of reoperation: The recurrence of type A dis-
section was 51 cases (85.0%). According to the statistics of 
the location of the dissection, 31 cases (60.8%) were found 
between the aortic root and innominate artery, 14 cases 
(27.5%) were found between the innominate artery and left 
subclavian artery, and six cases (11.8%) were found at the distal 
end of the left subclavian artery. There were nine cases (15%) 
of aneurysms without intimal rupture but formed by obvious 
expansion of aortic tissue, including six cases (66.7%) of MFS, 
with a diameter of 50-80mm, 14 cases (23.3%) of aortic valve 
insufficiency, and four cases (6.7%) of acute cardiac tamping.

The reoperation data: The mean interval between the 
two surgeries was 44.8±53.6 months. Twenty-four cases 
(40.0%) underwent emergency surgery. Ascending + TAR 
+ SET, that is, Sun's surgery was performed in 45 cases 
(75.0%), which was the most used surgical method. A total of 
56 patients (93.3%) underwent SET. Among 11 patients with 
MFS, seven patients (63.6%) were treated with Sun’s surgery, 
three (27.3%) were treated with Bentall + TAR + SET, and 
one (9.1%) underwent ascending + TAR. All femoral artery 
catheterization was performed, with 49 cases (81.7%) on the 
left and 11 cases (18.3%) on the right. The duration of car-
diopulmonary intubation was 75-253min (149.9±33.8 min), 
duration of stop cycle was 13-68min (29.4±10.1min) refers 
to only cerebral perfusion, anal temperature 24.5-30.1℃ 
(27.3±1.1℃) when circulation stops. (Table 2)

Early and long-term prognosis: One of the 60 patients 
died due to dissection rupture during operation, and the 
overall success rate was 98.3%. Postoperative respiratory 
complications were the most common, including infection, 
pneumothorax, and hemothorax in 21 cases (35.6%). The 
second was AKI in six cases (10.2%). Neurological compli-
cations were in three cases (5.1%), and secondary thoracot-
omy for bleeding took place in three cases (5.1%). Within 
30 days after reoperation, nine patients died, a mortality rate 
of 15.3%. Five of the nine had liver and kidney failure, two 
had severe infections, one experienced heart failure, and one 
had cerebral hernia. (Table 3) The mean follow-up time of 
discharged patients was 46 months and the 1-, 3- and 5-year 
survival rates were 96.0%, 84.0%, and 76.0%, respectively. 
Cardio-cerebrovascular accident was the main cause of death.

DISCUSSION

TAAD and ascending aortic aneurysms are the chief cul-
prits of primary proximal surgery and may require multiple 
treatments, with reoperation rates ranging from 8.7% to 
13.5% [Nishi 2010; Geirsson 2007]. In 2018, the Nordic 

Table 1. Basic patient information

Variables N %

Male 48 80.0

Female 12 20.0

Age (years) 52.5±12.3

Smoking 15 25.0

Marfan syndrome 11 18.3

Hypertension 41 68.3

Diabetes 3 5.0

NYHA class III–IV 9 15.0

Chronic renal failure 3 5.0

Coronary artery disease 3 5.0

Arrhythmia 3 5.0

First surgical approach

Bentall+ SET 13 21.7

Bentall + hemi-arch replacement + SET 5 8.3

Ascending + hemi-arch replacement + SET 1 1.7

Ascending replacement 4 6.7

AVR 6 10.0

TEVAR 31 51.7
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Consortium for Acute Type A Aortic Dissection (NOR-
CAAD) counted 1131 registered Aortic Dissection cases, 
with a 5-year reoperation rate of 5.0% [Pan 2018]. The ratio 
is as high as 38.3% for MFS patients [Bachet 1994]. On the 
other hand, aortic dissection occurred in 0.6% of patients 
after aortic valve replacement, and 9% of patients with aortic 
dissection had had aortic valve surgery [Prenger 1994; von 
Kodolitsch 1998]. The interval between two operations is 
long, with an average of 5-6 years [Hagan 2000]. Our calcula-
tions are like that. In general, the reoperation rate is low, and 
the time interval is long, so the sample size of these patients is 
relatively small, thus leading to few relevant reports.

The influence of the primary method on the second 
remains controversial. Some scholars believe that TAR and 
aortic root replacement can bring lower the reoperation rate 
[Rylski 2017; Halstead 2007; Rylski 2014]. HAGAN P G and 
his colleagues found that there was no significant difference 
in the incidence of reoperation among ascending aorta, hemi-
arch and total arch, and the extensive resection scope does 
not reduce the need for reoperation [Wang 2017; Concistrè 

2012]. Extensive resection may lower the probability of reop-
eration in the future but prolong the duration of intraopera-
tive organ ischemia. Regardless of the type of surgery and 
hemodynamic changes, the junction between natural and 
artificial vessels often is the first to be affected, especially in 
patients with connective tissue diseases.

Etiology of reoperation after aortic surgery: (1) The 
new aortic dissection involved the arch; (2) The aortic arch 
was severely expanded to a diameter of more than 5 cm; (3) 
Severe inner leakage or anastomotic leakage occurred at the 
proximal end of the descending aortic stent after the arch sur-
gery; and (4) The artificial blood vessel of the previous arch 
surgery was infected [Sun 2019]. In our statistics, it was found 
that dissection was the main cause of secondary TAR because 
more than half of TEVAR surgeries were performed, and the 
rupture was more likely to occur in the proximal attachment 
area of the stent. The damage to the aortic wall caused by the 
scaffold itself was more common, which was mainly caused by 
high pressure of the ascending aorta and the imprecise cover-
age. Thirty-six-percent of the patients have communications 
in the aortic arch at the greater or lesser curvature [Hiratzka 
2010; Erbel 2014]. The number of communications in the 
aortic arch as well the perfusion of the false lumen increases 
the growth rate of the aortic arch [Rylski 2017; Heo 2019]. 
Nicholas T et al. expounded the average annual growth rate 
for the distal contiguous aorta was 1.7 mm/y, the maximum 
aortic diameter increase is 2.8 mm/y, and the rate of reopera-
tion within 10 years is about 7% [Kouchoukos 2018]. Aortic 
valve insufficiency can be secondary to root aneurysms. Sur-
gical management rarely is required although arterial dilation 
after proximal surgery is common.

Therefore, aortic dilation after proximal surgery does 
exist and has a close association with self-connective tissue 
disease, but there is no definite conclusion on the indication 
of aneurysm reoperation after primary surgery. Some studies 
reported that arch surgery is considered only when its inner 
diameter reaches 50–60mm or the expansion speed exceeds 
5 mm/year. Suzuki et al. reported the indications for dissec-
tion-related reoperation were dilatation of the thoracic aorta 
of 55mm or greater, rupture or impending rupture of the 

Table 2. Operation data

Variables N %

Second operation

TAR + SET 4 6.7

Bentall + TAR+ SET 7 11.7

Ascending + TAR+ SET 45 75.0

Ascending + TAR 4 6.7

Arterial cannulation option

Left femoral artery + innominate artery 
or axillary artery

49 81.7

Right femoral artery + innominate artery 
or axillary artery

11 18.3

Venous cannulation option

Superior and inferior vena cava 38 63.3

Femoral vein + superior vena cava 17 28.3

Left femoral vein + right atrium 1 1.7

Left femoral vein 1 1.7

Right atrium 3 5.0

CPB data

Pharyngeal temperature (℃) 25.4±1.0

Anal temperature (℃) 27.3±1.1

Average flow (L/min) 0.7±0.2

Total duration of cardiopulmonary (min) 149.9±33.8

Duration of ascending aortic block (min) 85.0±27.6

Duration of stop cycle (min) 29.4±10.1

Pharyngeal temperature, anal temperature and average flow refers to the 
average data at the time of circulation cessation.

Table 3. Postoperative outcomes

Variables N %

Respiratory complications 21 35.6

Neurological complications 3 5.1

Renal function injury 6 10.2

Secondary thoracotomy 3 5.1

Death within 30 days 9 15.3

Respiratory complications include infection, pneumothorax and hemotho-
rax, and neurological complications include spinal cord injury and cerebral 
hernia. Acute kidney injury is considered when Scr is greater than 1.5 times 
the normal value or kidney dialysis therapy is performed.
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aorta, rapid dilatation of the aorta of greater than 5mm per 
half year [Suzuki 2018]. 2014 ESC guidelines introduced the 
criteria for the treatment of aortic aneurysms: (1) MFS with 
aortic root tumor and a maximum ascending aortic diameter 
of 50mm; (2) Patients with the maximum ascending aorta 
diameter of 55mm without other elastic tissue deficiency; (3) 
Patients with aortic arch aneurysms with the maximum aortic 
arch diameter of 55mm can be considered for surgical treat-
ment; (4) Aortic arch repair can be considered for patients 
with aortic arch aneurysms with expansion near the aortic arch 
of the ascending aorta or descending aorta and with surgical 
indications [Bradley 2016]. We still use the recommended 
surgical criteria for primary aneurysms, and for patients with 
MFS, it is up to 50mm, aortic diameter increase >10 mm/year 
or less indications based on operator experience.

According to previous reports, after aortic surgery, in 
approximately 70% of patients, dissection extends beyond 
the ascending aorta and involves the aortic arch [Rylski 2014; 
Conzelmann 2016]. Immer et al. found that 86% of the aortic 
long-term expansion occurred in the aortic arch and proximal 
to the descending aorta [Fattouch 2009]. It seems the man-
agement of the arch during reoperation is very important. 
In cases in which an intimal tear was found in the transverse 
aorta, TAR was performed to exclude the intimal tear [Suzuki 
2018]. An early study conducted by Estrera et al. reported 
63 patients who underwent reoperation after previous type A 
dissection, the TAR near 62% [Estrera 2007].

TAR is the main surgical method, but re-open surgery is 
faced with problems, such as difficult tissue adhesion disso-
ciation and bleeding control. It is especially difficult for some 
elderly patients with serious underlying diseases, and patients 
who need emergency treatment or have absolute contraindica-
tions to open surgery to tolerate the surgery. TEVAR can be 
used as an alternative treatment. The 2020 Society for Vas-
cular Surgery Clinical Practice Guidelines for thoracic endo-
vascular aortic repair recommended greater than 55mm as an 
indication of TEVAR [Upchurch 2021]. The early prognosis 
of TEVAR is better than that of open surgery, but the latter is 
with superior long-term prognosis. However, TEVAR cannot 
be used as a routine treatment, so open surgery should be pre-
ferred. Concomitant arch replacement was more frequently 
performed with the remodeling technique (28%) than with 
the reimplantation technique (13.3%) [David 2014]. In the 
reoperation, our aortic root and ascending aorta treatment 
accounted for 93.3%, which can effectively prevent thrombo-
sis and other complications, and is considered as a safe way 
with good long-term results [Minami 2015]. We believe that 
the TAR+SET technique is feasible and efficacious for reop-
eration in patients who had previously folded-up proximal 
aortic surgery, especially for MFS patients [Sun 2011; Karck 
2008]. Inoue et al. suggested that TAR surgery without SET 
is safe and effective, but its long-term outcome still need to be 
determined [Inoue 2018]. Therefore, 93.3% of our patients 
also underwent the FET to make the pseudoluminal thrombi 
and prepare for the stage 2 treatment. Sievers et al. explained 
that the long-term effects of different aortic valve retention 
and replacement were not different [Sievers 2018]. But we 
prefer to keep the artificial aortic valve in patients who have 

reoperation. The mean anal temperature was 24.5-30.1℃ 
(27.3±1.1℃) and the duration was 13-68min (29.4±10.1min), 
indicating that only the axillary artery maintained the cerebral 
blood flow, which was close to the value of TAR performed 
with the initial 4-bifurcation artificial vessels [Minatoya 2019].

Overall, in-hospital mortality was 0% and 12.0% after 
primary surgery for different types of secondary major vessel 
surgery [Kobuch 2012; Kimura 2015; Di Eusanio 2011]. 
We analyzed TAR surgery, which was a more complicated 
operation with difficult prognosis to control in the secondary 
mode. After reviewing the literature, we found that 30-day 
mortality was 13.6% under this condition [Sun 2019]. The 
3- and 5-year survival rates of TAR with primary quadrifor-
cated vascular prosthesis were 87% and 81%, respectively 
[Minatoya 2019]. With our results, the rupture of the dissec-
tion could not be repaired intraoperatively and nine deaths 
occurred within 30 days, a mortality rate of 15.3%. Respira-
tory complications are the most common, with bacterial cul-
ture and imaging for diagnosis basis; the second was AKI, and 
neurological complications were higher than the initial TAR, 
including two lower limb paraplegia and one cerebral hernia. 
The 1-, 3- and 5-year survival rates were 96.0%, 84.0% and 
76.0%, respectively. Cerebrovascular accident and cardiac 
failure are still the common causes of death, which is related 
to long-term postoperative anticoagulant therapy and surgi-
cal strike. But the 5-year survival rate of Marfan syndrome is 
100%, and youth and a thorough surgery make the prognosis 
of these patients better [Wang 2017]. In conclusion, the effect 
and safety of the surgery are acceptable.

Conclusions: The recurrence of dissection is the main 
cause of TAR after proximal aortic surgery, followed by aneu-
rysm, and the resurgical criteria for aneurysm need to be 
unified. In addition to TAR, SET also is widely used, and it 
is safe and effective. The surgical conditions for the second 
TAR were similar with the first. Despite high early mortality, 
its long-term prognosis is acceptable.
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