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Introduction: To evaluate the clinical efficacy of hybrid surgery for Stanford type A aortic 
dissection.
Methods: Twenty-two patients with Stanford type A aortic dissection were selected. All 
patients had completed or undergone hybrid surgery, including extracorporeal circulation, 
treatment of proximal anastomosis of ascending aorta and the distal anastomosis of the 
ascending aorta, management of the branch vessels on the arch, aortic endovascular repair. 
This study analyzed the time of surgery and awake, blood transfusion during surgery, 
patient’s drainage, complications and CTA of aorta was re-examined about one month 
after operation during patients follow-up.
Results: All patients underwent the operation successfully. One patient died of renal failure 
after the operation. Two patients experienced postoperative neurological complications 
(anxiety and delirium). Renal function was abnormal in two patients, and one patient needed 
bedside blood filtration. The serum creatinine levels temporarily increased in seven patients. 
No stent migration was found during patient follow-up. There was no shift in the stents. The 
near end of the interlayer was well sealed, without leakage of contrast agent, and the false 
lumen near the stent was completely thrombosed. Compared with the pre-operative CTA, the 
true lumen was enlarged and the false lumen was reduced, and the false lumen was 
completely thrombosed in the proximal end and near the stent. Contrast media was seen in 
the false lumen.
Conclusion: One-stage hybrid surgery for Stanford type A aortic dissection can avoid deep 
hypothermic circulatory arrest, shorten operation time, reduce operation trauma, and reduce 
the incidence of postoperative complications. This treatment has a effective treatment effect 
in the short term. However, the limitations imposed by covered stent materials mean that the 
treatment’s long-term effect is not yet clear, and further research is needed.
Keywords: aortic dissection, Stanford type A, one-stage hybrid surgery, postoperative 
complications, ascending aorta

Introduction
Aortic dissection occurs when an injury to the intima of the aorta allows blood to flow 
between the layers of the aortic wall, forcing the layers apart. Aortic dissection can 
quickly lead to death from insufficient blood flow to the heart or rupture of the aorta.1–3 

Aortic dissection can be classified as either Stanford type A or Stanford type 
B according to the origin of the interlayer. Type A dissections originate from the 
ascending aorta, whereas Stanford type B dissections originate from the descending 
aorta and do not involve the ascending aorta. Stanford type A aortic dissection is 
a catastrophic disease that seriously endangers patients’ physical and mental health. If 
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not treated in time, 33% of patients die within 24 hours, and 
36%–72% of patients die within 48 hours.3

Acute Stanford type A (type I) aortic dissection should 
be treated by emergency operation following diagnosis. 
Surgery is the primary treatment for this disease, but the 
major surgical methods that are used can cause a wide range 
of injuries, and the operation requires complicated surgical 
procedures and deep hypothermic circulatory arrest.4–6 The 
traditional surgical method requires thoracotomy, replace-
ment of the aortic arch or descending aorta under deep 
hypothermic circulatory arrest, and, potentially, stent ele-
phant trunk implantation in the descending aorta. Because 
the operation is traumatic, there are many potential post-
operative complications, and the mortality rate of the opera-
tion is very high.6 Hybrid technology and methods, which 
combine a multi-disciplinary procedure with minimally 
invasive techniques, provide a simpler and safer alternative 
to the complex and high-risk surgical methods used pre-
viously; this development is particularly advantageous for 
elderly patients and other patients that cannot tolerate deep 
hypothermic circulatory arrest.7–9 A hybrid cardiac surgical 
procedure is narrowly defined as a procedure that combines 
conventional surgery (including a skin incision) with inter-
vention, using a catheter-based procedure guided by fluoro-
scopy, computerized tomography (CT) scan, or magnetic 
resonance imaging (MRI) in a hybrid operating room with-
out interruption. A wider definition of hybrid cardiac surgi-
cal procedures includes a clinically connected catheter 
intervention followed by a surgical procedure, with a time 
gap between the intervention and the surgery.10,11

This study was conducted to evaluate the clinical effi-
cacy of hybrid surgery for Stanford type A aortic dissection.

Materials and Methods
Subjects
22 patients with Stanford type A aortic dissection were 
selected. The patients with aortic dissection had completed 
or undergone hybrid surgery. This study was conducted in 
accordance with the Declaration of Helsinki and approved by 
the ethics committee of the hospital (No.2016269). Written 
informed consent was obtained from all participants.

Inclusion criteria: (1) Patients diagnosed with Stanford 
type A aortic dissection, (2) patients older than 18 years of 
age, and (3) patients gave written informed consent. 
Exclusion criteria: (1) Patients had severe infection, (2) 
patients had severe heart, liver, or kidney dysfunction, (3) 

patients had severe coagulation dysfunction, and (4) 
patients had incomplete data.

Preoperative Assessment
The preoperative assessment of the patients was done 
using echocardiography, chest x-ray, electrocardiogram, 
international normalized ratio, arterial blood gas analysis, 
hemoglobin testing, full blood count, white blood cell 
count, fasting blood sugar, blood pressure measurement, 
CT scan, MRI, aortography, and D-dimer testing.

Once Stanford type A AD is diagnosed, in principle, 
active surgical treatment should be performed. Age is not 
contraindicated in acute Stanford Type A AD surgery. The 
results of IRAD study showed that the age of >70 years old 
was an independent risk factor for postoperative death of 
patients, but the case fatality rate was significantly lower 
than that of drug conservative treatment. Surgical treatment 
should be considered for acute Stanford type A AD patients 
of any age. According to the results of the national survey of 
cardiac surgeons in Canada, 97% of physicians believe that > 
age 75 is not A contraindication for surgery at Stanford type 
A AD. However, for elderly patients, the treatment strategy 
should fully assess the condition of other organs in the body.

Acute Stanford type A AD combined with organ dys-
perfusion syndrome is the main risk factor affecting the 
treatment strategy and prognosis. At present, the consen-
sus is that most of the patients with poor organ perfusion 
after aortic repair can be corrected. However, it is still 
controversial whether the patients with severe organ perfu-
sion should undergo surgical operation. According to the 
2014 ESC guidelines, preoperative coma, shock, stroke, 
and poor perfusion of coronary arteries and peripheral 
organs are risk factors affecting the prognosis of patients 
with Type A AD of Stanford, but should not be considered 
as contraindications for surgical operation. Previously, 
coma was considered to be an absolute contrainjection 
for acute Stanford Type A AD, but recently, El scholars 
believed that if the time from coma to operation was less 
than 5 h, surgical operation could also be considered under 
good brain protection measures. At present, there are no 
reports of surgical outcomes in high-risk patients in China. 
Considering that China’s transport system is not perfect 
and the diagnosis and treatment level varies from place to 
place, the expert committee believes that the Stanford type 
A AD patient who continues to be in coma is not suitable 
for surgical operation. Transient ischemic attack, transient 
body or language impairment caused by vascular involve-
ment of the arm are not contraindicated in surgery. In 
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addition, for patients with acute Stanford type A AD com-
bined with intestinal ischemia, thoracic aortic surgery 
alone is often unable to effectively improve ischemia, 
and the postoperative mortality rate of patients is as high 
as 63%. It has been reported abroad that abdominal aortic 
interventional endarterectomy combined with bronchial 
stent implantation can improve intestinal ischemia, but 
the overall rate of death and reintervention is still high. 
Combined with China’s national conditions, the expert 
committee believes that severe intestinal ischemia is not 
suitable for surgical operation.

Indications of Hybrid Procedure: 1. > age: 60 years old or 
unable to tolerate long-term extracorporeal circulation surgery. 
2. Chronic obstructive pulmonary disease. 3. Acute and 
chronic renal insufficiency. 4. Abnormal coagulation function.

Stent placement area: 1. Stanford A surgically rebuilds the 
anchorage area to provide safe and adequate anchorage. 
Change to Stanford B sandwich. 2. Branch blood vessel 
reconstruction to ensure cerebral perfusion. 3. Interventional 
techniques for descending aorta reconstruction.

Details of the Hybrid Procedure
Extracorporeal Circulation
All patients underwent aortic endovascular repair via the 
femoral and axillary arteries, combined with ascending 
aorta replacement under cardiopulmonary bypass. Each 
patient’s body temperature was decreased to 32°C, and 
the ascending aorta was blocked above the innominate 
artery. The ascending aorta was incised to the left and 
right coronary arteries to perfuse the cardioplegic solution. 
Cardiopulmonary bypass continued to reduce the body 
temperature to approximately 28°C.

Treatment of Proximal Anastomosis of Ascending 
Aorta
Of the 22 patients, 16 had simple involvement of the aortic 
sinus without involvement of the coronary sinus, 5 had 
absence of the sinuses of valsalva and partial involvement 
of the right coronary sinus, and 1 had involvement of three 
coronary sinuses. In 16 of the patients, the ascending aorta 
was excised at 1 cm from the coronary artery opening, and 
the proximal stump of the aorta was made using two 
pieces of Bai Ren Si bovine pericardium, which was 
approximately 1 cm wide. The inner and outer linings 
were fixed with 4–0 slide suture in one circle.

Two patients underwent the David procedure and four 
patients underwent the Bentall procedure. After the aortic 
root was treated, four forked artificial blood vessels of 26/ 

28 were pruned, the proximal end was cut at 1.5 cm from 
the branch vessel, and the proximal end of each artificial 
blood vessel was anastomosed to the ascending aorta with 
continuous suture.

Treatment of the Distal Anastomosis of the 
Ascending Aorta
In all 22 patients, the ascending aorta was anastomosed to 
the artificial blood vessel at the proximal end of the inno-
minate artery, and the aorta was clamped between the 
innominate artery and the left common carotid artery. At 
the same time, the innominate artery was blocked, the 
artificial blood vessel was closed to the innominate artery, 
and the aorta was anastomosed (hemiarch replacement). In 
18 patients, bovine pericardium was used for the inner 
lining of the aortic root stump; in 4 patients, were made 
from the inner lining of the aortic stump. The artificial 
blood vessel and the distal aorta were closed using con-
tinuous suture (Table 1).

Management of the Branch Vessels on the Arch
The bypass of the branch vessels in the aortic arch was 
performed after the open heart beat. The distal end of the 
branch was blocked with blocking forceps, and the prox-
imal end was clipped. The left subclavian artery, the left 
common carotid artery, and the innominate artery were 
blocked and anastomosed in order to reduce the time of 
cerebral ischemia. The 8 mm branch vessels at the farthest 
end of the four forked vessels were severed, and the two 
10 mm branch vessels were anastomosed to the innomi-
nate artery and the left common carotid artery, respec-
tively. An additional 8 mm artificial vessel was 
connected to the left subclavian artery.

Aortic Endovascular Repair
Once the operation of the aorta was complete, the cardio-
pulmonary bypass machine was stopped, and the extracor-
poreal circulation cannula was withdrawn. After the injected 

Table 1 Preparation Method

Age Group (Years) Males Females

65–66 2 1

67–68 12 3

69–70 2 2
Sub Total 16 6

Total 16+6=22

Mean Age (65+70)/2 = 67.5 Years

Risk Management and Healthcare Policy 2021:14                                                                              https://doi.org/10.2147/RMHP.S296165                                                                                                                                                                                                                       

DovePress                                                                                                                       
3015

Dovepress                                                                                                                                                        Gu and Chen

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


protamine was neutralized, hemostasis was stopped, and the 
chest temporarily closed. The wound was then covered with 
a sterile pad, and an intravascular stent was prepared using 
digital subtraction angiography (DSA). The right femoral 
artery was cut or incised, and a catheter was inserted. 
A super-hard guide wire was inserted into the ascending 
aorta and a 30 mm × 200 mm thoracic stent was implanted 
through the guide wire. The stent was covered at its prox-
imal end, and it partially crossed 2 cm of the distal anasto-
mosis of the artificial blood vessel. The contrast examination 
with DSA showed that the proximal break of the dissection 
was closed and that no contrast medium remained in the 
false lumen. The guide wire was removed and the femoral 
artery was repaired. After the chest was closed in a routine 
fashion, the patient was sent to the intensive care unit with 
tracheal intubation.

Results
The General Characteristics of the 
Patients
22 patients with Stanford type A aortic dissection were 
selected, and all patients had undergone hybrid surgery. As 
shown in Tables 2 and 3, the patient group comprised 16 
males and 6 females 65–70 years of age (mean age, 67 ± 
2.4 years) with a body mass of 57.0–93.0 kg (mean body 
mass, 76.9 ± 12.9 kg). Of the patient group, 18 had 
a history of sudden chest pain, and severe tearing back 
pain, and 4 patients were admitted due to abdominal dis-
comfort. All 22 patients had a history of hypertension with 
a duration of 1–12 years (mean duration, 6.5 ± 4.6 years). 
Echocardiography revealed floating intimal slices in the 
distal part of the ascending aorta in 21 patients and in the 
aortic arch in 1 patient. CT scans revealed 22 cases of 
Stanford type A aortic dissection with the ascending aorta 
and aortic arch involved, as well as 3 cases of false 
endovascular thrombosis of the ascending aorta. The 
onset of the disease was acute in all patients, with 
a duration of 6–67 hours (mean duration, 48.6 ± 18.3 
hours). All patients underwent electrocardiographic exam-
ination to exclude acute coronary syndrome. The details of 
the preoperative photographs are given in Figure 1.

Death After Surgery
All patients underwent the operation successfully, One 
patient died of renal failure after the operation.

Details During Surgery
The cardiopulmonary bypass time was 80–116 minutes, 
and the aortic clamping time was 28–67 minutes. Twenty 
patients were awake in the intensive care unit within 6 
hours. The blood consumption during and after the opera-
tion was 4–8 units of red blood cells, 0–4 units of platelets, 

Table 2 Baseline Characteristics of Patients

Age 67±2.4

Male 16
Female 6

Body weight (Kg) 76.9 ± 12.9

Medical history (d) 6.5±4.6
CTA Stanford A Type I

Cardiopulmonary bypass time (min) 180.0±25.0

Aortic block time (min) 120.0±11.0
Operation time (h) 9.0±1.5

Awake after operation (h) 15.0±9.0
24hDrainage (mL) 812.0±85.0

Intensive care unit stay time (d) 5.0±2.0

Blood transfusion (mL) 1700.0±320.0
Postoperative hospital stay (d) 18.0±3.0

Smoking history (years) 19.0±2.3

Drinking history (years) 20.0±4.6
Hypertension 18

Diabetes 2

Coronary Heart Disease 1
Stroke 3

Marfan 1

Pericardial effusion 11
Pleural effusion 2

Lung infection 2

Liver insufficiency 2
Renal insufficiency 1

Table 3 Intraoperative Details

Name of Operation Number of 
Cases

Stanford A 22

Ascending aorta replacement + total arch 

replacement + elephant trunk implantation

10

Bentall surgery + total arch replacement + 

elephant trunk implantation

4

Modified David surgery + total arch replacement 

+ elephant trunk implantation

2

Ascending Master Replacement + Total Arch 

Replacement + Elephant Trunk Stent Implantation

6
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and 0–20 units of cryoprecipitate. The first 24-hour drai-
nage was 325–575 mL, with a total discharge of 650– 
1350 mL. The details of the operative photographs are 
listed in Figure 2.

Complications After Surgery
As shown in Tables 4, 18 patients were extubated within 
48 hours after operation. Extubation was performed 7 days 
after operation in one patient and 10 days after operation 
in another patient. Postoperative neurological complica-
tions (anxiety and delirium) occurred in two patients. 
Renal function was abnormal in two patients, and one 
patient needed bedside blood filtration. The serum 

creatinine of seven patients increased temporarily. 
Postoperative pleural effusion occurred in two patients 
but improved after Thoracentesis.

Clinical Follow-Up
CT angiography scans of the aorta were re-examined 
during the patients’ follow-up appointments, approxi-
mately one month after the operation. No stent migra-
tion was found. The near end of the interlayer was well 
sealed with no leakage of the contrast agent, and the 
false lumen near the stent was completely thrombosed. 
Compared with the results of the pre-operative CT 
angiography scans, the true lumen was enlarged, and 

Figure 1 Preoperative photos and descriptions.
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the false lumen was reduced. In addition, the false 
lumen was completely thrombosed, both in its proximal 
end and close to the stent, and contrast media was seen 
in the false lumen. The details of the postoperative 
photographs are given in Figures 3–5 

Discussion
The use of hybrid surgery to treat aortic disease has 
become increasingly widespread, making endovascular 
repair simpler in China. Hybrid surgery is primarily per-
formed between the bypass flows of 3-branch vessels to 
treat aortic lesions involving the aortic arch. Hybrid sur-
gery is used less frequently to treat lesions involving the 

ascending aorta and the entire aorta: Only sporadic 
instances have been reported, with the highest number 
coming from Fuwai Hospital in Beijing. In comparison 
with the traditional methods of operation, such as contem-
porary series or use of FET technique, hybrid surgery 
involves a shorter operation time and can reduce operation 
trauma, shorten the length of the postoperative hospital 
stay, decrease the number of units of blood that must be 
transfused, and provide a more satisfactory early therapeu-
tic effect.12,13

Several aspects of the specific surgical procedures that 
were used are of particular note. First, double cannulation 
of the right axillary femoral arteries was performed. As 
a result, even if the lesion was found to be complex and 
require special treatment, it can be changed to routine 
operation without affecting the perfusion of the head.14– 

16 Second, when aortic root and proximal anastomosis 
were performed, it was necessary to shift the branch ves-
sels as close to the proximal segment as possible to ensure 
that the distal artificial blood vessels had enough area for 
anchor and support. After being strengthened by the sand-
wich method, the distal aortic anastomosis was anasto-
mosed with the artificial blood vessel. In the absence of 
an artificial vessel lining, it is very difficult to perform 
anastomosis on the walls of the diseased aorta, and the 

Figure 2 Operative photos.

Table 4 Post-Surgery Complications

Nervous System Complications
Paraplegia 2
Acute cerebral infarction 2

Transient brain dysfunction 1

Acute liver injury 1

Acute kidney injury 2

Hoarse voice 4
Lung infection 2

Acute pulmonary embolism 0
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intima of the aorta can tear easily. Reinforcement of the 
anastomosis prevented otherwise inevitable bleeding. 
Distal anastomosis was primarily performed on the ante-
rior 1 cm of the innominate artery; this seemed to be more 
appropriate for routine deep hypothermia surgery.

Third, although one-stage hybrid surgery avoids deep 
hypothermic circulatory arrest, reduces surgery time, and 
reduces surgical trauma, the procedure has several poten-
tial drawbacks, namely the covered stent vessels, the 
attachment of the stent to the aorta, and the long-term 
life of the stent.17,18 To address the first point, the first 
thoracic aortic stent system was adopted, since it adapts 
well to the shape of the arch and has good plasticity. 
Regarding the long-term life of the stent, although stents 
have been used for longer than 10 years in patients with 
Stanford type B aortic dissection, stents are primarily 
located at the distal end of the arch and descending 
aorta; by contrast, Stanford type A aortic dissection 
requires a stent that can cover the entire aortic arch.19,20 

At present, there are no clear data concerning the time of 
stent placement. Given the current material limitations, the 
most cautious approach is to use this procedure primarily 

with older patients. Patients with severe aortic dissection 
and a high risk of bleeding can improve their chances of 
survival by undergoing this procedure.

For younger patients that do not have severe neurolo-
gical complications or coagulation disorders, the use of 
traditional deep hypothermic circulatory arrest surgery 
should still be appropriate. However, when the branch of 
the arch is completed to branch off, there can be long-term 
complications in the form of stent vascular rupture, 
although endovascular repair is an alternative option in 
such cases. Another unavoidable issue is the much higher 
cost of treatment associated with one-stage hybrid surgery 
using stents. For high-risk patients, hybrid surgery can 
offer a clear improvement in the cost of treatment because 
it can shorten the length of hospitalization and reduce 
bleeding and other complications. However, hybrid sur-
gery does not offer a comparable financial advantage to 
patients with a better preoperative condition.

The results of this study demonstrate that, for Stanford 
type A aortic dissection, one-stage hybrid surgery is 
superior to traditional surgical methods that involve repla-
cement of the ascending aorta, total arch replacement, and 

Figure 3 Postoperative photos 1–2.
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Figure 4 Postoperative photos 3.
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Figure 5 Postoperative photos 4.

Risk Management and Healthcare Policy 2021:14                                                                              https://doi.org/10.2147/RMHP.S296165                                                                                                                                                                                                                       

DovePress                                                                                                                       
3021

Dovepress                                                                                                                                                        Gu and Chen

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


elephant trunk stenting. The use of hybrid surgery to treat 
aortic dissection is promising for elderly patients and 
other patients that cannot tolerate deep hypothermic cir-
culatory arrest for longer periods. For other patients, how-
ever, the traditional surgical approach may still be more 
appropriate for the treatment of Stanford type A aortic 
dissection. The study found that hybrid surgery drastically 
reduced the mortality rate of patients with Stanford type 
A aortic dissection. Comparing the patient group in terms 
of sex, it appears that Stanford type A aortic dissection is 
more common in men than in women of the same age 
group. In addition to showing the effects of age and sex, 
the results of the study also show that untreated hyperten-
sion is the most common cause of Stanford type A aortic 
dissection.

This study had several limitations. First, it was not 
a randomized controlled trial. Second, it was only a single- 
center trial, and the sample size was limited. Third, the 
clinical follow-up was short, and longer-term follow-up will 
be necessary to determine the long-term clinical prognosis, 
including endoleaks, new distal dissections, stent migration.

Conclusion
One-stage hybrid surgery for Stanford type A aortic dis-
section can avoid deep hypothermic circulatory arrest, 
shorten operation time, reduce operation trauma, and 
reduce the incidence of postoperative complications. This 
treatment has a effective treatment effect in the short term. 
However, the limitations imposed by covered stent materi-
als mean that the treatment’s long-term effect is not yet 
clear, and further research is needed.

Ethical Statement
This study was conducted in accordance with the 
Declaration of Helsinki and approved by the ethics com-
mittee of Second Hospital of Hebei Medical University. 
All participants had signed the informed consent.

Disclosure
All of the authors had no any personal, financial, commer-
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