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Abbreviations, Acronyms & Symbols

ADSOHS = Aortic dissection surgery after open-heart surgery

Cr = Creatinine

ICU = Intensive care unit

LVEF = Left ventricular ejection fraction

PCS = Previous cardiac surgery

ABSTRACT

Introduction: The objectives of this study were to investigate the main treatment 
strategies and long-term follow-up results of aortic dissection surgery after 
open-heart surgery (ADSOHS) and to analyze the risk factors that cause ADSOHS.
Methods: One hundred thirty-seven patients with ADSOHS hospitalized in our 
hospital from January 2009 to December 2018 were selected as the research 
object. Long-term follow-up results, complications, mortality, and changes of 
cardiac function before and after operation were used to explore the value of Sun’s 
operation.
Results: The length of stay in intensive care unit of these 137 patients ranged 
from 9.5 to 623.75 hours (average of 76.41±97.29 hours), auxiliary ventilation time 
ranged from 6.0 to 259.83 hours (average of 46.16±55.59 hours), and hospital stay 
ranged from six to 85 days (average of 25.06±13.04 days). There were seven cases 

of postoperative low cardiac output, 18 cases of coma and stroke, and six cases 
of transient neurological dysfunction. A total of 33 patients died; 19 patients died 
during the perioperative period, 18 died during Sun’s operation and one died during 
other operation; and 14 patients died during follow-up (January 2021), 12 cases of 
Sun’s operation and two cases of other operations.
Conclusion: ADSOHS treatment strategy is of high application value, and the 
risk of neurological complications and mortality is low. The main risk factors 
are postoperative low cardiac output, coma, stroke, and transient neurological 
dysfunction. The extracorporeal circulation time is relatively long. Short- and 
long-term follow-up effects are good, and it is worthy of clinical promotion.
Keywords: Cardiac Output, Low. Risk Factors. Aneurysm, Dissecting. Coma. 
Extracorporeal Circulation. Perioperative Period.

INTRODUCTION

Aortic dissection surgery after open-heart surgery (ADSOHS) is 
rare in clinical practice, but the history and etiology of this disease 
is complex. How to avoid the occurrence and formulating surgical 
strategies are some of the difficulties in cardiac surgery[1]. The 
incidence of aortic dissection is 6/100,000, and it is more common 
in men than women[2]. Most patients with aortic coarctation die 

within a few hours to days of onset, and the hourly mortality 
rate within the first 24 hours is 1-2%, depending on the location, 
extent, and degree of the disease[3]. Jassar et al.[4] studied 120 
patients with root replacement with a history of previous cardiac 
surgery (PCS) and found that age, diabetes, coronary artery bypass 
grafting, and endocarditis were risk factors for increased hospital 
mortality. There are relatively few studies on ADSOHS in China. 
Professor Wang Chunsheng’s team reported 28 cases of acute 
aortic dissection combined with a history of cardiac surgery over 
a 10-year period. Mortality within 30 days after surgery reached 
21.4%, low cardiac output syndrome, neurological system damage, 
and multiorgan failure being the main causes of death[4,5]. In the 
current clinical research reported on the treatment of ADSOHS, 
surgery still has a high risk of complications and mortality. The 
safety and effectiveness of surgical treatment need to be further 
explored[6]. This study aimed to explore the conventional surgical 
strategies and long-term follow-up results of ADSOHS treatment 
to provide clinical references.
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METHODS

General Information

We performed a retrospective study of data of 137 patients who 
were hospitalized in the Department of Cardiovascular Surgery of 
Beijing Anzhen hospital between January 2009 to December 2018 
and who underwent Sun’s surgery.
Inclusion criteria were: patients diagnosed with aortic dissection[6]; 
patients undergoing midline thoracotomy due to aortic dissection; 
previous history of open-heart surgery; patient’s dissection 
involving the aortic arch and descending aorta; and patients 
without contraindications to surgery and whose families signed 
informed consent forms.
Exclusion criteria were: emergency patients non-hospitalized 
for any reason or death before hospitalization; patients with 
significant medically induced aortic coarctation, such as 
percutaneous coronary intervention, cannulation, surgery, etc; 
patients with intestinal hemorrhage and necrosis caused by the 
superior mesenteric artery of the abdomen; patients suffering 
from insufficient blood supply to the myocardial coronary artery 
and large-area myocardial infarction; inadequate blood supply 
to the brain leading to coma and other neurological problems; 
insufficient coagulation or cognitive-communication impairment; 
patients who failed to follow-up or missing data during follow-up; 
and simple involvement of the ascending aorta.

Quality Control Methods

Relevant research data were collected in a face-to-face and 
follow-up manner: the collection of clinical data was performed 
by one person, independently, and the data was reviewed and 
quality controlled by a dedicated person; the image reading and 
data measurement phases of imaging-related clinical data were 
performed by two or more medical professionals, and a third 
person verified it to avoid mistakes; two people were present 
during the follow-up to ensure that the follow-up results were 
authentic and credible; the supervisory team and the Aorta Centre 
research staff supervised the project.

Gathering Information

The study collected complete data for the next step, including 
inspection data (blood type, admission international normalized 
ratio, admission white blood cell count, admission creatinine 
[Cr], pre-discharge Cr, preoperative ascending aortic diameter, 
preoperative left ventricular end-diastolic transverse diameter, 
preoperative left ventricular ejection fraction [LVEF], preoperative 
aortic valve regurgitation, preoperative aortic valve stenosis, 
postoperative LVEF, and postoperative left ventricular end-
diastolic transverse diameter), surgery-related data (preoperative 
circulatory stability, preoperative tracheal intubation, preoperative 
chest pain, preoperative pericardial tamponade, dissection rupture, 
preoperative hemiplegia, preoperative loss of consciousness, 
preoperative paraplegia, preoperative abdominal ischemia, 
preoperative lower limb ischemia, conservative treatment and 
causes, surgical urgency, surgical approach, concomitant other 
operations, rupture orifice position, number of breaches, arch 
involvement, brachiocephalic vascular involvement, arterial 
cannulation position, venous cannulation position, perfusion fluid, 

extracorporeal circulation time, aortic occlusion time, circulatory 
arrest time or selective cerebral perfusion time, and minimum 
body temperature), and postoperative-related data (surgical blood 
usage [red blood cells, platelets, plasma], postoperative blood 
loss, second thoracotomy haemostasis, duration of intensive care 
unit [ICU] stay, postoperative duration of assisted ventilation, 
postoperative blood purification, postoperative low cardiac 
output, postoperative extracorporeal membrane oxygenation, 
postoperative coma and stroke, transient neurological 
dysfunction, paraplegia, in-hospital death, total cost, follow-up 
time, reoperation during follow-up, and death during follow-up).

Sun’s Surgical Method

After anesthesia, a sterile drape was usually placed to adequately 
expose the surgical area. A small incision was made approximately 
1 cm below the midline of the right clavicle, the right axillary 
artery was isolated and revealed, and the artificial vessel was 
anastomosed to the end of the axillary artery. The thoracic cavity 
was incised in the middle of the sternum to free the three main 
branches of the arterial arch. The drainage tube was inserted 
into the right atrium to complete the circulatory drainage. Left 
ventricular drainage was completed by intubation through right 
superior pulmonary vein. The patient’s body became hypothermic. 
When the temperature reached 32ºC, the ascending aorta 
was clamped, and the ascending aortic root was analyzed and 
treated by passing through the coronary artery starting point 
to inject myocardial protective fluid. When the nasopharyngeal 
temperature drops to 18-20ºC and the anal temperature is 25ºC, low 
flow at 5-10 ml/(kg.min) [7.85±1.76 ml/(kg.min)] selective cerebral 
perfusion occurs in the innominate, left common carotid, and 
left subclavian and right axillary arteries, stopping the circulation 
(34.77±10.25 min). Disconnect the ascending aorta, disconnect 
the aortic arch from the distal end of the left subclavian artery, 
and pay attention to protecting the vagus nerve around the arch. 
A suitable type of stent vessel (truss) was passed distal to the 
aortic arch to be implanted into the true lumen of the descending 
aorta. A trunk stent of comparable diameter to the stent vessel 
was selected and “sandwich” sutured to the distal end of the 
quadrant prosthesis at its proximal end and the proximal end of 
the descending aorta. The perfusion branch of the artificial blood 
vessel was inserted into the other end of the arterial pumping tube 
and evacuated of gas. The corresponding branch of the artificial 
vessel was anastomosed to the end of the left common carotid 
artery. After exhaustion, cerebral perfusion was first restored, 
followed by proximal anastomosis, lung expansion, and opening 
of the ascending aorta. Then the left subclavian artery and the 
innominate artery were withdrawn in sequence, being cut off, and 
the perfusion branches were ligated, followed by opening of the 
obstruction and closing of the thoracic cavity.

Observation Indicators

• Describe and analyze the PCS of patients requiring ADSOHS 
and the reasons for it;

• Analyze and summarize the treatment strategy, efficacy, and 
long-term follow-up results of ADSOHS in our center;

• Explore the risk factors for ADSOHS formation and surgical risk 
factors;

• Patient follow-up: all registered patients were followed up by 
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telephone at six months postoperatively. For patients who 
could not be followed up by telephone, on-site visits were 
conducted according to the patient’s admission registration 
address, and the patient’s previous information and follow-up 
information were recorded.

Statistics

IBM Corp. Released 2017, IBM SPSS Statistics for Windows, version 
25.0, Armonk, NY: IBM Corp. was used for data processing with a 
test level of ɑ=0.05. Statistical description, independent samples 
t-test, one-way analysis of variance, chi-squared test, and Kaplan-
Meier survival analysis were performed for statistical analysis.

RESULTS

Normal Information

Patients’ data: 112 males and 25 females, mean age of 44.51±11.43 
years old (range 20-69 years), average height of 157.52±39.67 cm 
(range 147-200 cm), average weight of 68.53±17.43 kg (range 
39-98 kg), and basic complications — 96 cases of hypertension, 
nine cases of Marfan disease, and 10 cases of acute myocardial 
infarction within three weeks (Table 1).

Intraoperative Condition of Sun’s Surgery

Treatment for type A aortic dissection mainly include medication 
to control blood pressure, analgesic sedation, supportive 
treatment such as strict bed rest, Sun’s surgery, and debranching 
hybrid surgery. Patients should have relevant investigations 
completed as soon as possible after admission, such as 
echocardiography, electrocardiogram, whole aortic computed 
tomography angiography, liver and kidney function, blood and 
urine routine, coagulation tetralogy, and infectious diseases. 
Among them, those with obvious tear-like pain and a history 
of hypertension should be highly suspicious of the possibility 
of aortic coarctation. At this time, appropriate anti-hypertensive 
medication should be given to prevent aortic dissection due 
to hypertension and lost opportunity for further surgery. 
Meanwhile, morphine can be given for intramuscular analgesia, 
and narcotics can be used for sedation. Those with irritability, 
haemodynamic instability, and poor analgesic sedation with 
medication should be urgently intubated or tracheotomized and 
prepared for emergency surgery. The greatest advantage of Sun’s 
procedure was that it allows creative transcription of the left distal 

common carotid artery and the left subclavian artery, changing 
the disadvantages of the traditional elephant trunk procedure.
Emergency surgery was performed in 31 cases (22.87%), elective 
surgery in 106 cases (77.13%), and there was no reoperation. 
Rupture site: sinus and aortic arch in 21 cases (15.43%), innominate 
artery and opening in five cases (3.72%), and left subclavian artery 
in five cases (3.72%). Postoperative negative outcomes are shown 
in Figure 1. Cardiopulmonary bypass time ranged from 107 to 
450 minutes (average time 193.23±57.23 minutes), active pulse 
occlusion time ranged from 37 to 203 minutes (average time 
95.28±31.55 minutes), and cerebral perfusion time ranged from 0 
to 60 minutes, with two means of 25.38±10.51 minutes.

Perioperative Situation

ICU stay time ranged from 9.5 to 623.75 hours (average time 
76.41±997.29 hours), ventilation assistance time ranged from six 
to 259.83 hours (average time 46.16±55.59 hours), and hospital 
stay ranged from six to 85 days (mean of 25.06±13.04 days). There 
were postoperative low cardiac output in seven cases (5.32%), 
18 cases of coma and stroke (13.30%), and transient neurological 
deficits in six cases (4.26%) (Table 2).
Perioperative death: 19 cases; 18 cases during Sun’s surgery and 
one case during other surgery. The specific causes of death are as 
follows: three patients died of postoperative low cardiac output 
and heart failure; two patients died of intraoperative aortic rupture 
and low cardiac output; seven patients died of postoperative 
renal failure, liver failure, and multiple cerebral infarctions; three 
patients died of postoperative bleeding, two had openings to 
stop bleeding; and four patients died of postoperative cerebral 
infarction complicated with intracerebral hemorrhage (Table 3).

Follow-Up Results

Follow-up death (from January 2021 to August 2021): 14 patients 
died during the follow-up period; 12 cases of Sun’s surgery and 
two cases of other surgeries. The specific causes of death were 
as follows: four deaths due to postoperative low cardiac output 
and heart failure; one death due to postoperative renal failure, 
liver failure, and multiple cerebral infarction; one death due 
to cerebral infarction combined with cerebral haemorrhage; 
three deaths due to severe mitral regurgitation; one death due 
to severe tricuspid regurgitation; two deaths due to severe 
pulmonary hypertension; and two deaths due to left ventricular 
hypertrophy (Table 3). The survival rates of the operated patients 
are shown in Figure 2.

Table 1. Patient information.

Group Numerical value

Gender
Male 112

Female 25

Average age (years) 44.51±11.43

Average height (cm) 157.52±39.67

Average weight (kg) 68.53±17.43

Basic complications

Hypertension 96

Marfan disease 9

Acute myocardial infarction within 3 weeks 10
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Fig. 1 - Postoperative negative outcomes.

Table 2. Perioperative situation.

Group Numerical value

ICU stay average time (hours) 76.41±97.29

Ventilation assistance average time (hours) 46.16±55.59

Hospital stay average time (days) 25.06±13.07

Complications

Postoperative low cardiac output 7

Coma and stroke 18

Transient neurological dysfunction 6

ICU=intensive care unit

DISCUSSION

Aortic dissection is a disease that seriously endangers human 
health, and it is also one of the most complicated diseases in the 
surgical system[7,8]. The disease is like a time bomb buried deep 
into the human cardiovascular system, which may burst at any 
time and cause death. Type A aortic dissection in the Stanford 
classification has a mortality rate of > 50% within 48 hours and 
up to 90% within two weeks. Once the disease occurs, emergency 
surgery is required; many patients die because of sudden onset, 

too late to see a doctor, and rupture of the dissection causing 
sudden pericardial tamponade, circulatory failure, and ischaemia 
in several vital organs of the human body[9]. Timely surgery can 
reduce the in-hospital mortality rate to 27%, while the mortality 
rate of conservative medical treatment alone is close to 60%. 
Intervention of this disease through surgery has become a 
worldwide consensus and the most important treatment at 
present[10].
In this study, Sun’s postoperative mortality rate after surgical 
treatment was 2.66%, significantly lower than 20% in foreign 
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Table 3. Perioperative and follow-up death.

Group Numerical value

Perioperative death

Postoperative low cardiac output, heart failure 3

Intraoperative aortic rupture, low cardiac output 2

Multiple organ failure, cardiac arrest, and death 6

Postoperative brain infarction accompanied by cerebral hemorrhage 4

Follow-up death

Severe mitral regurgitation 3

Severe tricuspid regurgitation 1

Severe pulmonary hypertension 2

Left ventricular hypertrophy 2

Multiple organ failure, cardiac arrest, and death 1

Postoperative low cardiac output, heart failure 4

Postoperative brain infarction accompanied by cerebral hemorrhage 1

Fig. 2 - Survival rates of the operated patients.

literature, and only one death occurred during follow-up. The 
surgical treatment of aortic coarctation by Sun’s procedure was 
confirmed to reduce perioperative mortality. The reason for this 
is that Sun’s procedure has the greatest advantage of creatively 
transcribing the distal left common carotid artery and the left 
subclavian artery, which changes the disadvantages of the 
traditional elephant trunk surgery. To a large extent, it reduces 
neurological complications and extracorporeal circulation time[11]. 
The use of free artificial blood vessels in the descending aorta 
during conventional aortic dissection elephant trunk surgery may 
affect retrograde perfusion. The elephant trunk surgery is mainly to 
expand the pressure to reduce the true cavity of the aorta, so that 
the blood flow in the false cavity is slowed down and thrombosis 
is formed[12,13].
In the present study, this method has certain disadvantages, with 
a tendency to cause paraplegia and organ embolism after surgery. 
And other symptoms. Sun’s procedure allows for resection of the 

fissure while minimizing dilatation and recurrence of diseased 
blood vessels[14]. The analysis of complications shows that acute 
renal failure and neurological disorders are the most common 
complications. The occurrence of acute renal failure following 
type A aortic coarctation is mainly related to the following factors: 
first, it is caused by prolonged cardiopulmonary extracorporeal 
circulation. Then, massive production of inflammatory reaction 
and inflammatory mediators, various inflammatory mediators, 
and sympathetic excitation stimulate intraoperative blood 
redistribution, peripheral vascular — especially renal vascular 
— constriction, reduce renal blood flow, reduce renal perfusion 
pressure, and stimulate the onset of renal failure; if this state persists 
and cannot be corrected, it will develop into renal acute renal 
failure[15]. In order to reduce the incidence of acute renal failure 
from this reason, we should continuously improve the surgical 
technique, shorten the extracorporeal circulation time, and reduce 
the production of inflammatory mediators. Therefore, in clinical 
work, whether it is preoperative, intraoperative, or after surgery, 
the patient’s vital signs should be closely observed to maintain 
hemodynamic stability, especially to prevent renal hypoperfusion 
and acute renal failure caused by low blood pressure[16].

Limitations

Because the sample of this study is the patients who underwent 
aortic dissection surgery for the second time, the number of 
patients in this clinical study is not sufficient due to the severity of 
the disease. Some patients have a short follow-up time, and there 
may be some survivor bias.

CONCLUSION

In recent years, the postoperative mortality rate of aortic coarctation 
has been significantly lower than before, but postoperative 
complications still affect the efficacy of surgery and lead to patient’s 
death. Therefore, we must conduct a comprehensive analysis of 
the possible postoperative complications in our clinical work and 
manage them correctly in order to minimize their occurrence.



Gao F, et al. - Redo Total Aortic Arch Replacement on Aortic Dissection
After Open-Heart Surgery

Braz J Cardiovasc Surg 2022 - Ahead of print: 1-6

Br
az

ili
an

 Jo
ur

na
l o

f C
ar

di
ov

as
cu

la
r S

ur
ge

ry
 

6

REFERENCES

1. Czerny M, Grimm M, Zimpfer D, Rodler S, Gottardi R, Hutschala D, et al. 
Results after endovascular stent graft placement in atherosclerotic 
aneurysms involving the descending aorta. Ann Thorac Surg. 
2007;83(2):450-5. doi:10.1016/j.athoracsur.2006.08.031. 

2. Patel HJ, Upchurch GR Jr, Eliason JL, Criado E, Rectenwald J, 
Williams DM, et al. Hybrid debranching with endovascular 
repair for thoracoabdominal aneurysms: a comparison with 
open repair. Ann Thorac Surg. 2010;89(5):1475-81. doi:10.1016/j.
athoracsur.2010.01.062. 

3. Yang Z, Yang S, Wang F, Hong T, Lai H, Wang C. Type A aortic 
dissection occurring after previous cardiac surgery. J Card Surg. 
2015;30(11):830-5. doi:10.1111/jocs.12650. 

4. Jassar AS, Desai ND, Kobrin D, Pochettino A, Vallabhajosyula P, 
Milewski RK, et al. Outcomes of aortic root replacement after 
previous aortic root replacement: the "true" redo root. Ann 
Thorac Surg. 2015;99(5):1601-8; discussion 1608-9. doi:10.1016/j.
athoracsur.2014.12.038. 

This is an open-access article distributed under the terms of the Creative Commons Attribution License.

Authors’ Roles & Responsibilities

FG Substantial contributions to the conception or design of the work; 
or the acquisition, analysis, or interpretation of data for the work; 
agreement to be accountable for all aspects of the work in ensuring 
that questions related to the accuracy or integrity of any part of the 
work are appropriately investigated and resolved

YG Substantial contributions to the conception or design of the work; 
drafting the work or revising it critically for important intellectual 
content

YZ Drafting the work or revising it critically for important intellectual 
content

XZ Drafting the work or revising it critically for important intellectual 
content

JZ Substantial contributions to the conception or design of the work; 
drafting the work or revising it critically for important intellectual 
content

5. Bossone E, Corteville DC, Harris KM, Suzuki T, Fattori R, Hutchison 
S, et al. Stroke and outcomes in patients with acute type A aortic 
dissection. Circulation. 2013;128(11 Suppl 1):S175-9. doi:10.1161/
CIRCULATIONAHA.112.000327. 

6. Bissell MM, Hess AT, Biasiolli L, Glaze SJ, Loudon M, Pitcher A, et 
al. Response to letter regarding article, "Aortic dilation in bicuspid 
aortic valve disease: flow pattern is a major contributor and differs 
with valve fusion type". Circ Cardiovasc Imaging. 2014;7(1):214. 
doi:10.1161/CIRCIMAGING.113.001497. 

7. Padang R, Bagnall RD, Richmond DR, Bannon PG, Semsarian C. 
Rare non-synonymous variations in the transcriptional activation 
domains of GATA5 in bicuspid aortic valve disease. J Mol Cell 
Cardiol. 2012;53(2):277-81. doi:10.1016/j.yjmcc.2012.05.009. 

8. Ishii T, Asuwa N. Collagen and elastin degradation by 
matrix metalloproteinases and tissue inhibitors of matrix 
metalloproteinase in aortic dissection. Hum Pathol. 2000;31(6):640-
6. doi:10.1053/hupa.2000.7642. 

9. Mao N, Gu T, Shi E, Zhang G, Yu L, Wang C. Phenotypic switching 
of vascular smooth muscle cells in animal model of rat thoracic 
aortic aneurysm. Interact Cardiovasc Thorac Surg. 2015;21(1):62-70. 
doi:10.1093/icvts/ivv074. 

10. Halkos ME, Kerendi F, Myung R, Kilgo P, Puskas JD, Chen EP. Selective 
antegrade cerebral perfusion via right axillary artery cannulation 
reduces morbidity and mortality after proximal aortic surgery. 
J Thorac Cardiovasc Surg. 2009;138(5):1081-9. doi:10.1016/j.
jtcvs.2009.07.045. 

11. Yu HC, Wang ZQ, Hao YY, An FP, Hu YC, Deng RB, et al. An extensive 
DeBakey type IIIb aortic dissection with massive right pleural 
effusion presenting as abdominal pain and acute anemia: particular 
case report. J Geriatr Cardiol. 2015;12(3):319-22. doi:10.11909/j.
issn.1671-5411.2015.03.010.

12. Bhogal S, Khalid M, Murtaza G, Bhandari T, Summers J. Nearly 
missed: painless aortic dissection masquerading as infective 
endocarditis. Cureus. 2018;10(5):e2587. doi:10.7759/cureus.2587. 

13. del Porto F, Proietta M, Tritapepe L, Miraldi F, Koverech A, Cardelli 
P, et al. Inflammation and immune response in acute aortic 
dissection. Ann Med. 2010;42(8):622-9. doi:10.3109/07853890.201
0.518156.

14. Bissell MM, Hess AT, Biasiolli L, Glaze SJ, Loudon M, Pitcher A, et al. 
Aortic dilation in bicuspid aortic valve disease: flow pattern is a 
major contributor and differs with valve fusion type. Circ Cardiovasc 
Imaging. 2013;6(4):499-507. doi:10.1161/CIRCIMAGING.113.000528. 

15. Di Eusanio M, Berretta P, Cefarelli M, Jacopo A, Murana G, Castrovinci 
S, et al. Total arch replacement versus more conservative 
management in type A acute aortic dissection. Ann Thorac Surg. 
2015;100(1):88-94. doi:10.1016/j.athoracsur.2015.02.041. 

16. Hata M, Sezai A, Yoshitake I, Wakui S, Takasaka A, Minami K, et al. 
Clinical trends in optimal treatment strategy for type A acute aortic 
dissection. Ann Thorac Cardiovasc Surg. 2010;16(4):228-35.

Financial support: This work was supported by the 
Beijing Municipal Science and Technology Commission [No. 
Z171100001017083, Z191100006619093, & Z191100006619094] 
and the National Science and Technology Support Program 
[2015BAI12B03].
No conflict of interest.


