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1. Introduction 

 

1.1 Historical view of the aorta and aortic dissection: 

The Aorta as a word is originated from the late Latin from classical Greek aortē (ἀορτή), 

from aeirō, "I lift, raise" (ἀείρω) [1]. The ancient Greek philosopher and scientist, Aristotle, 

was the first to describe the Aorta and its suspension above the heart. 

In 1760 was the first case of aortic dissection documented in the association of the death of 

the King of England King George II. Giovani Battista Morgagni, the known Italian anatomist, 

was the first to illustrate a detailed pathological description of the aortic dissection in 1761. 

 In the 1950s, the mortality rate of aortic dissection was very high before the introduction of 

cardiopulmonary bypass which allowed the surgeons to perform aortic arch repair and 

construction. The first successful surgical repair was carried out by Dr. DeBakey in 1955. 

Nowadays with the continually improving of the diagnosing und surgical techniques, the 

aortic dissection surgical treatment has significantly improved the survival rate and changed 

the fact that aortic dissection was a hopeless case. Now it becomes a surgical treatable 

pathology which could save many lives including the life of Dr. DeBakey himself who was 

affected by aortic dissection at the age of 97 and went under the surgical procedure he 

developed. At the age of 98, he was considered the oldest patient to survive aortic dissection. 

 In the last 10 years the field of aortic dissection treatment has been more developed to 

improve the surgical treatment results and the mortality rate. The invention of the stent 

placement und percutaneous aortic interventions have clearly affected the outcomes of aortic 

dissection treatment.[2] 
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1.2 Development and anatomy of the aorta 

The development of the aorta is a very complex process (development of the human heart: 

days 15-21). A variety of congenital variants and pathological anomalies can be derived from 

this process. In the third week of gestation starts the development of the aorta, in which a 

ventral and a dorsal segment are derived from each primitive aorta. Those segments compose 

the first aortic arch. The aortic sac is formed by the fusion of the two ventral aortae. The 

descending aorta is formed by the fusion of dorsal aortae and then come the development of 

the six paired aortic branches which formed between the ventral and the dorsal aortae. In 

addition, several intersegmental arteries derived from the dorsal aortae. 

Each arch will be divided into multiple vessels giving as following: 

The maxillary and the external carotid arteries which are composed by the first pair, then the 

stapedial arteries derived from the second pair. The carotid arch which also called the internal 

carotid artery is derived from the third aortic arch. 

The common carotid arteries are composed from the proximal segments of the third pair 

which format in combination with segments of the dorsal aortae the internal carotid arteries. 

The segment of normal left aortic arch is formed of the left arch of the fourth pair between the 

left common carotid and the subclavian arteries. The proximal right subclavian artery is 

derived from right fourth arch. The right dorsal aorta and the right seventh intersegmental 

artery forms the distal right subclavian artery. The fifth pair contributes in forming 

rudimentary vessels. The main and the left pulmonary arteries in addition to the ductus 

arteriosus which obliterates a few days after birth, are derived from the left arch of the sixth 

pair, whereas the right pulmonary artery is derived from the right sixth pair.[3] 

The distal subclavian arteries are derived from the seventh intersegmental arteries which 

accompanies the caudad migration of the heart in the second fetal month. 

The left seventh intersegmental artery contributes in the formation of the left subclavian artery 

as portions of the right are composed from the right fourth arch and the right dorsal aorta. 

Any persistence of the segments of the aortic arches which normally regress or disappear, can 

cause and explain the malformations of the aortic arch system. 
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1.3 Normal anatomy 

The normal left aortic arch is formed by the regression of the right dorsal aortic root and the 

right ductus arteriosus. Almost 70% of the population have the classic left aortic arch and 

descending thoracic aorta. The left aortic arch gives three main branches which are the 

brachiocephalic artery (which divides into right subclavian and common carotid artery), the 

left common carotid artery and the left subclavian artery.[3] 

 

1.4 Histology of the aorta 

The aorta is composed of three main layers:  

The tunica intima which the thinnest layer and composed of endothelial cells with their 

supporting tissues. 

The tunica media which is the thickest layer. It is responsible for the elasticity of the aortic 

wall because of the elastic fibers, smooth muscle and the collagenous tissue in its 

composition. 

The tunica adventitia is the outermost component of the arterial wall where to find the vasa 

vasorum (small blood vessels) 

 

1.5 Classification: 

1.5.1 Clinical classification 

When the symptoms of an aortic dissection last for 14 days or less, then it’s considered an 

acute aortic dissection. And when the symptoms last from 2 weeks to 2 months, it’s 

considered subacute. Chronic aortic dissection is diagnosed starting from the 2nd month of 

clinical symptoms presentation. In these terms it would be hard to say if the patients survive 

longer than 2 weeks without surgical therapy. That’s why those group of patients are called 

chronic survivors.[4] 
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1.5.2 Anatomical classification: 

The location and the extent of the aortic dissection is what determines the anatomical 

classification. The most common classifications widely used in practice worldwide are the 

DeBakey Classification and the Stanford classification. The DeBakey Classification which 

was first published in 1965, has classified the aortic dissection into three main types.  

The location of the dissection in the ascending aorta has been categorised in type I, II and III. 

Type I is considered the most common type with 60 % occurrence. However, Type III comes 

in the second place with 25-30 % occurrence and type II with occurrence percentage of 15 %.  

The extent of the aortic dissection is what differentiate between the three types, in which in 

type I the dissection is involving the aortic arch, descending aorta and extents to the 

abdominal aorta. Type II recognizes the isolated dissection of the ascending aorta while type 

III indicates a distal aortic dissection starting from the left subclavian artery and extents 

distally. Type III is subdivided to type IIIa and type III b, in which type IIIa indicates the 

extent of the dissection only to the descending aorta while type III b extents to the abdominal 

aorta and iliac arteries. 

On the other hand, the Stanford Classification is divided to type A and type B. The Stanford 

type A is similar to the DeBakey type I and II while the Stanford type B is similar to DeBakey 

type III.  

The Stanford classification is well known to be more widely used in the cardiothoracic daily 

practice than the DeBakey classification helping in choosing the appropriate management 

strategy.[5] 
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1.6 Epidemiology 

Multiple risk factors determine the causes of the incidence of the acute type A aortic 

dissection: 

Cardiovascular risk factors: 

• High blood pressure 

• Smoking 

• Dyslipidaemia 

 

Genetic fibrillopathies 

• Marfan syndrome 

• Ehlers-Danlos- syndrome 

• Loeys-Dietz syndrome 

• Annulaortale ectasie 

• Familial thoracic aortic aneurysma with dissection 

 

Genetic vasculopathy 

• Bicuspid aortic valve 

• Aortic isthmus stenosis 

 

Inflammatory vascular diseases 

• Giant cell arteritis 

• Takayasu-arteritis 

• Rheumatic aortitis 

• Mycotic arteritis 

• Systemic lupus erythematosus 

• Morbus Behçet 

• Syphilis 

• Morbus Ormond 
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Iatrogenic Factors 

• Catherterisation 

• Aortic valve or aorta operations 

• Aortotomie 

• Blood vessels clamping 

• Graft anastomosis 

Trauma 

• Car accidents 

• Falling from high places [6] 

 

 

1.7 Clinical picture 

More than 90% of the patients with acute type A aortic dissection are presented with 

midsternal chest pain. Other clinical findings may be seen in the patients like:  

• acute stroke 

• lower limb ischemia 

• abdominal pain 

• hypertension  

• tachycardia  

• hypotension (in cases of aneurysmal rupture or myocardial infarction) 

• Wide pulse pressure in cases of accompanied aortic valve insufficiency 

• Spinal cord ischemia when spinal cord arteries are involved 

• SVC Syndrome 

• Airway compression 

• Vocal cord paralysis [6] 
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1.8 Aim of the study 

The aim of the study was to analyze the pre-, intra- and postoperative variables that influence 

the postoperative outcomes after surgical repair of AAAD. The evaluation included all data of 

patients who underwent surgery for AAAD in moderate hypothermic circulatory arrest 

(MHCA) between 2001 and 2016 in the hospital university of Schleswig-Holstein, Campus 

Kiel. Therefore, we compared between 2 groups of patients according to the age; those aged 

75 years and older [elderly group; 68 (18.5%)] and those younger than 75 years [younger 

group; 300 (81.5%)]. 

The preoperative analysis included relevant factors such as age, gender, EuroSCORE, and the 

clinical picture at the hospital admission. Intraoperative factors were initially the performed 

surgical technique, the duration of surgery, circulatory arrest times, bypass times on the heart-

lung machine, and transfusion of blood products. Postoperative evaluation included 

parameters like the amount of blood loss, exposure to redo operation, duration of ventilation, 

renal function and onset of dialysis, infection, and onset of neurological complications. The 

collected data were statistically analyzed and compared with the findings and results obtained 

in the literature. 

 

The study’s aim was to answer the following questions: 

• How can age as a preoperative factor play a role in the outcome of surgical 

repair of AAAD? 

• Which group of age is at more risk of postoperative neurological complication 

and mortality? 

• What are the risk factors and how can we minimize the occurrence of the 

postoperative complications? 
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2. Methods 

All patients with AAAD enrolled in our Registry of AAAD from 2001 to 2016. AAAD is 

defined as the occurrence of a dissection involving the ascending aorta within 48 h from the 

first onset of symptoms. In total, retrospectively, 368 consecutive patients who underwent 

emergency surgery of ascending aorta in MHCA and antegrade cerebral per-fusion after 

AAAD, were analysed. Patients were divided into two groups: patients aged 75 years and 

older (elderly group; 68 (18.5%)) and patients younger than 75 years (younger group; 300 

(81.5%)). The age limit was selected according to Friedrich et al. (2009), that reported more 

prognosis-determining comorbidities and risk factors in patients over 75 years old with the 

collaboration of the German Federal Quality Assurance Office (Bundesgeschäftsstelle 

Qualitätssicherung, BQS) [42]. Patients’ data were collected from our institution’s database 

and the hospital medical records. The protocol was approved by the local Ethics Committee in 

Kiel (D417/17). The diagnosis, as well as the exact location, and extension of the dissection 

membrane, were confirmed preoperatively by a contrast computed tomography (CT). If 

possible, patients were investigated for neurological deficits at admission. Postoperative 

manifested neurological complications, including ischemic and hemorrhagic insults, were 

assessed by the consultant neurologist and proofed by head and neck computer tomography as 

well as, if required, a CT-angiography for the head and neck arteries. The primary endpoints 

were 30-day mortality and postoperative neurological events. Secondary endpoints were the 

perioperative variables, such as the postoperative courses, blood loss, transfusion of blood 

products, and redo-surgery. [43] 

The analysis sheet was divided into three main sections for preoperative, intraoperative and 

postoperative parameters with 30 days follow up.  

 

a- The preoperative data included personal information such as age, gender, body 

mass index, weight and height of the patient as well as some risk factors for cardiac 

diseases such as smoking history, hypercholesterolemia, diabetes mellitus, 

hypertension, positive family history, and renal insufficiency. Preoperative status 

included also the shock condition, neurological status, ECG changes and the 

ejection fraction as well as various laboratory parameters and preoperative 

medication. All related cardiac findings are documented. This included the degree 

of aortic insufficiency or stenosis, mitral regurgitation, the presence of a 

preoperative operation, aortic aneurysm and its size, or aortic valve abnormality. 
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b- The intraoperative data included the surgical technique, the size of prostheses, 

duration, and extent of surgery, the duration of Heart-lung machine, cardiac arrest, 

and the used technique for arterial and venous cannulation. All additive cardiac 

procedures such as CABG or isolated aortic valve replacement as well as 

transfusion of blood products (such as fresh frozen plasma and red blood cells) 

were documented. 

 

 

c- The postoperative date included the degree of patient condition stability after the 

end of surgery and admission at ICU, the amount of bleeding and exposure to redo 

surgery, the absolute duration of ventilation, neurological deficits, renal 

insufficiency, onset and duration of dialysis, sepsis and pulmonary infection, 

wound healing disorders, 7-days and 30-days mortality as well as causes of death.  

 

The statistical programs SPSS 24.0 (SPSS, Chicago, IL, USA) and Stata 10 SE (Stat-aCorp., 

College Station, TX, USA) were used for statistical analysis and calculation of the 

characteristic data. The frequency distribution of the sample data was examined for deviations 

from the normal distribution using the Kolmogorow–Smirnow–Lilliefors test. The mean ± 

standard deviation was given for normally distributed, continuous variables. The median and 

the associated quartiles were given for values that were not normally distributed. Categorical 

variables were given using the number of affected patients (n) and a percentage (%). The Chi-

square test and, if necessary, the exact Fisher test were used to compare the two groups 

examined. All p-values ≤ 0.05 were rated as a significant difference between the two groups. 

A multivariable logistic regression was selected due to clinical relevance and analyzed with 

backward elimination to determine their relative im-pact (adjusted odds ratio, OR) on 30-day 

mortality. Variables included were age >75 years, Euro-SCORE II, coronary heart disease, 

cardiopulmonary resuscitation, length of surgery (min), cardiopulmonary bypass time (min), 

MHCA time, number of packed units of red blood cell transfusion, postoperative new-onset 

of haemodialysis, and postoperative TIA or stroke. [7]  
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2.1 Diagnosis of acute type A dissection 

An efficient, accurate and rapid method of diagnosis is needed in the cases of acute type A 

aortic dissection to secure better outcomes. The clinical picture presented by the patients like 

chest pain and shortness of breath by admission can always be misdiagnosed as a myocardial 

infarction for example. That’s why an exclusion of myocardial by cardiac enzymes control 

through blood test in addition to an electrocardiogram with a chest radiograph is important to 

confirm the diagnosis at the time of the admission.   

In the past, the only method to diagnose acute type A aortic dissection was the aortography 

which of course was an invasive imaging and has the risk to cause injury to the affected part 

of the aorta, putting the patient in risk of an aortic perforation. Nowadays with the imaging 

technical advances, the non-invasive diagnosis of the acute type A aortic dissection through 

computed tomography (CT) became worldwide the most preferred diagnostic method.  

In some acute cases due to the instability of the patient’s circulation, the transportation to the 

CT-scan becomes risky and challenging or in cases which the patients have contrast 

contraindication like for e.g., patients with known allergy to contrast or renal impairment. In 

these cases, a transoesophageal echocardiography (TEE) will be the second most 

recommended diagnostic method. TEE can detect the true and false lumens of the aortic 

dissection. Beside that TEE can provide information about the left and right ventricle ejection 

fraction and can also exclude pericardial effusion which can be caused by an aortic wall 

perforation. However, due to the lesser specificity in comparison to CTA, acute type A aortic 

dissection can be 100% ruled out with TEE. 

As other diagnostic option of acute type A aortic dissection, the magnetic resonance imaging 

(MRI) can also be used for diagnosis specially for the patients with contrast contraindication. 

However, due to the time consuming and the availability of CTA, the use of MRI is not 

widely preferred and found to be not practical in urgent cases as the one of the acute type A 

aortic dissection.[4]    
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Fig. 1: CT angiography scan of the thoracic aorta showing acute type A dissection involving the ascending and the first part of the descending aorta  

Fig. 2: CT angiography scan of the thoracic aorta showing acute type A dissection involving the aortic arch 
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Fig. 3:  Intraoperative TEE showing ascending aorta dissection           Fig. 4:  Aortic wall hematoma at the aortic root caused by aortic dissection 
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2.2 Management: 

2.2.1 Medical Management 

The purpose of the medical treatment is only to control the systolic blood pressure and to limit 

the accompanied pain. Lowering the systolic blood pressure will help in limiting the aortic 

dissection by lowering the pressure inside the aortic wall. The study done by Wheat et al 

showed the correlation between the high systolic blood pressure and the occurring of the 

aortic tear by acute type A aortic dissection. Therefore, the use of systolic blood pressure 

lowering medication as beta blockers and nitroprusside is proven to be highly effective. 

 

2.2.2 Surgical Management 

The acute type A aortic dissection is an absolute emergency case with a mortality rate of 1% 

per hour up to 48 hours. This high mortality rate is due to the high risk of the occurring of 

aortic rupture, acute aortic insufficiency, pericardial effusion and myocardial ischemia in 

addition to cerebrovascular, visceral, renal and spinal malperfusion. The best and the only 

way to treat acute type A aortic dissection is an emergent surgical management. 

The surgical treatment plan will be based on the diagnostic CT-Scan, the extent of the aortic 

dissection will be illustrated whether the intimal tear is limited to the ascending aorta or it also 

including the aortic arch with or without the main three branches supplying the upper part of 

the body. Based on that the surgical plan will be plotted. However, the most common surgical 

procedure includes the replacement of the ascending aorta under hypothermic circulatory 

arrest.  

The key to a successful surgical procedure for acute type A aortic dissection is act as fast as 

possible to get the patient on the operative table to prevent aortic rupture and the retrograde 

progression of the dissection membrane towards the aortic valve and coronary arteries in 

order to prevent life threatening complications [8]. The patient is connected to the heart-lung 

machine (HLM). According to the guidelines for acute type A aortic dissection surgical 

treatment, the best method to repair is to replace the ascending aorta with open distal 

anastomosis under hypothermic circulatory arrest between 18-22 C° alone or whether with 

antegrade or retrograde cerebral perfusion for cerebral tissue protection. Prolonged periods of 

circulatory arrest which are needed to perform a reconstruction for a dissected part of the 
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aorta, may increase the risk of neurological complications as cerebral ischemia. However, to 

prevent any neurological complication, it is recommended to perform shorter periods of 

circulatory arrest during surgery.[9] 

The part of the aorta where the blood flow enters into the false lumen should be resected in 

the proximal aorta and the aneurysmatic changes is sought in order to perfuse the true lumen 

again and thus restore the supply to the organs [10]. In the event of a higher degree of aortic 

valve insufficiency due to retrograde spreading of the dissection membrane, the aortic valve is 

also reconstructed or replaced. The indication for this can be made by an intraoperative TEE 

examination. In patients with a known connective tissue disease such as Marfan syndrome, 

the aortic root should always be replaced intraoperatively using David or Yacoub techniques, 

as otherwise aneurysmal changes or valve insufficiency may occur postoperatively. The same 

surgical techniques are used for chronic type A aortic dissections. Here, however, the time of 

operation can be chosen selectively. Patients with chronic dissections have lower morbidity 

and mortality rates postoperatively.[11] 

It has been reported that with one or more malperfusion syndromes can be presented in 20-

30% of the patients presenting with AAAD. These patients have almost 3 times higher 

mortality risk than other patients with no malperfusion.[9] 

 In most complicated cases, the operative mortality rate can reach up to 10 to 20%. However, 

early surgical management has a therapeutic benefit in most cases of acute type A aortic 

dissection. 

Other surgical approaches for acute type A aortic dissection which may be considered more 

aggressive to replace the aortic arch have been developed in the last decades. These are 

involving: 

Ascending aortic replacement and total arch replacement with a frozen elephant trunck 

technique in cases where the aortic branches and the arch must be replaced.  

This technique has been modified by Pochettino and colleagues with the placement of an 

antegrade stent-graft into the proximal descending aorta during open acute type A aortic 

dissection operation.  

A new generation of stent-graft prothesis have been developed in the last years.  New grafts 

like E-Vita which formed of a Dacron segment for the replacement of the ascending aorta and 
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the arch combined with a stent graft segment to be placed in the proximal descending aorta, 

has been developed by the group at Essen to provide a different safer hybrid approach.  

The disadvantage of these approaches including hybrid solutions for acute type A aortic 

dissection surgical operations is that it always requires more clamping time with longer 

periods of hypothermic circulatory arrest. On the other hand, the results have shown that these 

approaches considered safe as it induces false lumen thrombosis and have shown good early 

results with minimal long-term complication in comparison to conventional surgery for acute 

type A aortic dissection. 

 

2.2.2.1 Surgical techniques 

The location and extent of the dissection membrane decides the optimal surgical techniques to 

be used in the operation. The surgical intervention main purpose is to replace the affected 

tissue with a tubular prosthesis in order to let the blood flow and the perfusion go through true 

lumen of the aorta. The distal part of the aorta is to be firstly replaced in deep hypothermia 

and cardiac arrest after giving the cardioplegia. In the case of the aortic arch branches’ vessels 

dissection, a complete aortic arch replacement is to be considered. After the distal 

anastomosis, De-airing, clamping of the aortic prosthesis and restart of the heart-lung machine 

as well as cardioplegia are performed. 

When the dissection is limited to the supracoronary part of the aorta, the replacement of the 

ascending aorta should be sufficient. The entry of the dissection is sought first. The aorta is 

placed in front of the brachiocephalic trunk and the distal end is connected to a Dacron 

tubular prosthesis. [12] 

If the dissection also affects the aortic arch, it can also be partially or completely replaced 

using a Dacron prosthesis. With a total aortic arch replacement, the outgoing, supraaortic 

vessels are excised and then reinserted into the prosthesis [13]. In order to be able to carry out 

or facilitate an additional intervening replacement of the descending aorta later, a piece of 

tubular prosthesis can also be carded into the descendent (elephant trunk technique). In this 

way there is a good landing zone for the placement of an endoprosthesis. 

The replacement of the ascending aorta and the partial or complete aortic arch replacement 

can be combined with valve replacement as in Bentall surgical technique or the aortic valve 

sparing aortic root replacement techniques as Yacob and David surgical techniques. 
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In case of aortic valve insufficiency or stenosis by massive calcification, the aortic valve is 

also replaced. Depending on the age of the patient, a biological or a mechanical valve 

prosthesis is considered. Basically, after the aorta is clamped, a cardioplegic solution is given. 

The cardioplegia is used to protect the myocardium by ensuring cardiac arrest for up to four 

hours. The solution contains potassium. Hyperkalaemia leads to membrane depolarization in 

the myocytes. The heart stops in diastole, electromechanical decoupling occurs [14]. Cardiac 

arrest allows safe surgery and reduces myocardial oxygen consumption. The administration is 

usually antegrade directly via the coronary ostia. The solution can also be administered 

retrograde via the coronary sinus. The retrograde method can also be particularly useful for 

higher-grade coronary artery stenosis or associated aortic valve insufficiency.[15] 

The Bentall operation is an infra-coronary replacement of the ascending aorta with a valve-

wearing conduit. The method was described by Bentall and de Bono in 1968 [16]. The 

procedure is used in patients with acute type A aortic dissection and pronounced anuloectasia 

of the valve base. In this case, the flap cannot be reconstructed. This procedure is particularly 

popular with Marfan patients, since otherwise an infra-coronary aneurysm could be 

developed. First, the affected section of the aorta is removed except for the annulus of the 

aortic valve. The section is replaced using a Dacron prosthesis. Both coronary ostia are 

resected. After implantation of a valve-carrying conduit, the coronary ostia are re-implanted. 

Disadvantages of the procedure are thromboembolic complications and the increased risk of 

bleeding. 

In patients with a symmetrical expansion of the aortic valve, the aortic valve leaflets are not or 

only slightly changed pathologically. The valve-preserving methods according to David and 

Yacoub have proven themselves here. The aortic root can be reconstructed while maintaining 

the valve leaflets. In the surgical procedure according to David, the mobilized aortic valve is 

implanted in a dacron tube after excision of the sinus tissue. The method was first described 

by Dr. Tirone David in 1988 and is also referred to as the reimplantation technique [17]. A 

renewed aneurysmatic expansion of the valve annulus is no longer possible after the 

procedure. 

In the Yacoub procedure, the aortae sinus is replaced by a tailored Dacron prosthesis. The 

method was first described by Sir Magdy Yacoub in 1993 and is referred to as remodeling of 

the aortic annulus [18]. In contrast to the method according to David, the interaction between 

the aortic root and the aortic valve leaflets remains undisturbed. However, this procedure is 

rarely used by a few centers. 
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2.2.2.2 Surgical arterial and venous cannulation: 

Arterial cannulation 

The choice of arterial cannulation for the heart-lung machine in the cases of acute type A 

aortic dissection always needed to be fast, reliable and safe. On one hand, a fast arterial 

connection must be guaranteed, on the other hand, the safe perfusion of the true lumen is 

necessary [10]. The different techniques are divided into peripheral and central methods. 

The old-fashioned peripheral cannulation of the femoral artery is no longer preferred, since 

retrograde perfusion of the aorta has a high risk of mobilization of thrombotic material from 

the wrong lumen and thus embolization [19-20]. This can lead to malperfusion of vital organs 

or cerebral embolisms. In addition, the wrong lumen may be perfused, which would aggravate 

the reduced perfusion. Peripheral cannulation of the subclavian artery is now preferred by 

most surgeons. The technique allows an antegrade perfusion of the brain vessels and the 

aortic arch. This keeps the duration of the hypothermic cardiac arrest to a minimum [21-22]. 

Disadvantages are the time-consuming preparation of the subclavian artery and the risk of 

injury to the brachial plexus. Other peripheral cannulation sites are the brachiocephalic trunk 

[23] and the carotid artery [24]. These procedures, like cannulation of the subclavian artery, are 

complex and problematic when dissecting the vessels mentioned. In addition, these 

techniques also involve a small retrograde perfusion of the aorta. 

 

The central procedures include arterial cannulation of the ascending aorta and transapical 

cannulation via the left ventricle and aortic valve, as well as transatrial cannulation of the left 

ventricle via the right upper pulmonary vein with an insertion of a vent cannula in the left side 

of the heart (Kiel technique according to Rahimi). The intraoperative use of the TEE 

examination made it possible to safely cannulate the true lumen by inserting the cannula using 

the Seldinger technique when directly cannulating the ascending aorta [25-27]. But also, with 

transapical cannulation and the Kiel technique, the TEE examination is helpful to check the 

correct cannula position. The advantages of all central methods are the antegrade perfusion of 

the aorta and the quick connection to the HLM.  
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The different cannulation techniques were developed all over the past 50 years. The 

transapical cannulation via the left ventricle and the aortic valve was first described by Zwart 

in 1969 [28]. However, it was first used in 1991 as part of an operation in an acute type A 

aortic dissection from Robicsek [29].  

The clinical results of this method show mortality below 20% and no occurrence of mal 

perfusion [30]. The technique can be used in all patients with acute type A aortic dissection, 

regardless of the size of the dissection membrane. This method is often used in other clinics, 

particularly in patients with complications such as the dissection membrane spreading to the 

subclavian artery or the femoral artery, which are otherwise often used for cannulation. 

Since 2010, in Kiel the technique of transatrial cannulation of the left ventricle via the right 

upper pulmonary vein has been introduced in the patients of this study. This method has 

become the standard method in the cardiac and vascular surgery clinic of the University 

Medical Center Schleswig-Holstein, Campus Kiel. It allows direct antegrade perfusion of the 

true lumen and can be used almost without restriction regardless of the dissection findings. 

The method also ensures rapid connection to the HLM and prevents scarring in the left 

ventricle. [31] 

 

Venous cannulation: 

The venous cannula is commonly preferred to be placed in the right atrium. Venous 

cannulation of the inferior venae cavae or vena femoralis is more preferable in cases where of 

a covered aortic rupture or pronounced adhesions. 
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3. Results 

Comparing both groups in total patients’ number of 368 patients, the average age of the patients 

in our study was 79.0±3.2 vs. 59.2±10.7 years (p<0.001). The female gender represents 58.8% 

of elderly patients vs. 28.7% in younger patients (p<0.001). Elderly group had a significantly 

higher Euro-score II [9.6% (5.8; 19.2) vs. 4.48% (2.75;10.45); p<0.001)]. Incidence of 

mechanical ventilation at hospital admission was higher in elderly group (16.9% vs. 9.4%; p= 

0.074). Smoking was significantly higher in the younger group in comparison to the elderly 

group (5.8% vs. 27.1%; p=0.0001).   

Table 1: Demographic and clinical characteristics of the study population 

 

 Total  Age < 75 years Age ≥ 75 years P-value 

No. of surgical 

procedures 

368 (100%) 300 (81.5%) 68 (18.5%) ---- 

Age (years) 62.8±12.4 

63.7 (54.2;72.5) 

59.2±10.7 

60.4 (52.2;68.1) 

79.0±3.2 

78.2 (76.1;82.4) 

<0.001 

Female gender 126 (34.2%) 86 (28.7%) 40 (58.8%) <0.001 

Logistic EuroSCORE 

(%) 

23.1 (12.2;40.5) 19.7 (10.8;33.7) 46.2 (31.5;60.2) <0.001 

EuroSCORE II (%) 5.45 (3.06;12.41) 4.48 (2.75;10.45) 9.6 (5.8;19.2) <0.001 

EuroSCORE (%) 11.0 (8.0;13.0) 10 (8;12) 14 (12;16) <0.001 

BSA (m2) 2.0±0.2 2.0±0.2 1.9±0.2 <0.001 

Body mass index, 

kg/m2 

26.3 (23.9;29.0) 26.4 (24.1;29.3) 25.8 (23.7;27.8) 0.083 

Arterial hypertension 262 (73.0%) 218 (74.4%) 44 (66.7%) 0.201 

Pulmonary 

hypertension 

4 (1.1%) 1 (0.3%) 3 (4.5%) 0.021 

Type 1 Diabetes 

mellitus 

0 (0.0%) 0 (0.0%) 0 (0.0%) ---- 

Type 2 Diabetes 

mellitus 

21 (6.0%) 14 (4.9%) 7 (10.6%) 0.087 

      Oral medication 10 (2.8%) 5 (1.7%) 5 (7.6%) ---- 

      Insulin dependent 7 (2.0%) 5 (1.7%) 2 (3.0%) ---- 
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      Dietary treatment 4 (1.1%) 4 (1.4%) 0 (0.0%) ---- 

Hyperlipoproteinaemia 50 (14.3%) 43 (15.1%) 7 (10.8%) 0.364 

Chronic renal 

failure/insufficiency 

48 (13.6%) 40 (13.9%) 8 (12.3%) 0.730 

Creatinine (µmol/l) 89 (72;114) 89 (72;116) 88 (71;104) 0.365 

Creatinine at admission 

> 200µmol/l 

15 (5.1%) 12 (5.0%) 3 (5.4%) 1.000 

Decompensated renal 

insufficiency 

9 (2.6%) 7 (2.4%) 2 (3.1%) 0.674 

Renal replacement 

therapy 

7 (2.0%) 6 (2.1%) 1 (1.5%) 1.000 

COPD 22 (6.2%) 17 (5.8%) 5 (7.6%) 0.575 

Smoking   71 (23.4%) 68 (27.1%) 3 (5.8%) 0.001 

History of smoking  56 (18.6%) 50 (20.1%) 6 (11.5%) 0.150 

Coronary heart 

disease 

63 (18.0%) 51 (17.8%) 12 (18.8%) 0.863 

 One-vessel disease 31 (8.9%) 25 (8.7%) 6 (9.4%) ---- 

 Two-vessel disease 16 (4.6%) 12 (4.2%) 4 (6.3%) ---- 

 Three-vessel disease 16 (4.6%) 14 (4.9%) 2 (3.1%) ---- 

Heart rhythm     

  Sinus rhythm 307 (83.7%) 260 (86.7%) 47 (70.1%) 0.001 

  Atrial fibrillation 51 (13.9%) 35 (11.7%) 16 (23.9%) 0.009 

  Other 25 (6.8%) 14 (4.7%) 11 (16.4%) 0.002 

Pacemaker patient 10 (2.8%) 5 (1.7%) 5 (7.5%) 0.022 

Defibrillator patient 1 (0.3%) 0 (0.0%) 1 (1.5%) 0.185 

Previous PCI (+/-DES) 24 (6.8%) 19 (6.6%) 5 (7.7%) 0.784 

Previous thoracic 

surgery 

40 (11.1%) 33 (11.3%) 7 (10.6%) 0.878 

Previous CABG 12 (3.4%) 9 (3.1%) 3 (4.6%) 0.464 

Peripheral vascular 

disease 

16 (4.5%) 12 (4.2%) 4 (6.2%) 0.508 

LVEF (%)  64 (55;70) 65 (55;70) 60 (50;70) 0.266 

LVEF      

Good (≥55%) 181 (81.2%) 147 (82.6%) 34 (75.6%) ----- 
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Slightly impaired (45-

54%) 

17 (7.6%) 11 (6.2%) 6 (13.3%) ----- 

     Moderately impaired 

(30-44%) 

17 (7.6%) 13 (7.3%) 4 (8.9%) ----- 

Severely impaired 

(<30%) 

8 (3.6%) 7 (3.9%) 1 (2.2%) ----- 

Diagnostic imaging     

Computed tomography 307 (84.8%) 247 (83.7%) 60 (89.6%) 0.231 

Coronary angiography 130 (36.5%) 109 (37.5%) 21 (32.3%) 0.436 

Magnetic resonance 

imaging 

9 (2.5%) 7 (2.4%) 2 (3.1%) 0.640 

Marfan syndrome 9 (2.5%) 8 (2.7%) 1 (1.5%) 1.000 

Aortic aneurysm 113 (30.8%) 90 (30.1%) 23 (33.8%) 0.548 

Calcific aortic disease 9 (2.5%) 5 (1.7%) 4 (6.0%) 0.063 

Bicuspid aortic valve 9 (2.4%) 8 (2.7%) 1 (1.5%) 1.000 

Aortic valve vitium     0.609 

Aortic valve intact 168 (53.2%) 141 (53.8%) 27 (50.0%) ---- 

Aortic valve stenosis 10 (3.2%) 5 (1.9%) 5 (9.3%) ---- 

Aortic valve 

insufficiency 

130 (41.1%) 109 (41.6%) 21 (38.9%) ---- 

     Combined Aortic valve 

vitium  

8 (2.5%) 7 (2.7%) 1 (1.9%) ---- 

Neurological deficits 73 (20.3%) 57 (19.5%) 16 (23.9%) 0.424 

Clinical presentation     

     Acute myocardial 

infarction (48h) 

14 (3.8%) 12 (4.0%) 2 (3.0%) 1.000 

Cardiogenic shock 27 (7.4%) 19 (6.4%) 8 (12.1%) 0.121 

CPR 31 (8.5%) 22 (7.4%) 9 (13.6%) 0.100 

Transfer from intensive 

care unit 

43 (11.9%) 30 (10.1%) 13 (19.7%) 0.030 

Intubated 39 (10.7%) 28 (9.4%) 11 (16.9%) 0.074 

Preoperative status     0.781 

Stable (without support) 289 (79.2%) 236 (79.5%) 53 (77.9%) ---- 

     Stable with low dose 39 (10.7%) 31 (10.4%) 8 (11.8%) ---- 
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catecholamines 

     Stable with high dose 

catecholamines 

32 (8.8%) 25 (8.4%) 7 (10.3%) ---- 

     IABP/ECLS with 

catecholamines 

4 (1.1%) 4 (1.3%) 0 (0.0%) ---- 

    IABP/ECLS without 

catecholamines 

1 (0.3%) 1 (0.3%) 0 (0.0%) ---- 
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On the other side the Euroscore II was noticeably higher in the elderly group in comparison to 

the younger group. However, our study also showed that the younger group has shown a 

significant difference in the numbers of cases presented preoperatively atrial fibrillation [23.9% 

vs 11.7%; p =0.009] in comparison to the elderly group. In addition to that, our results have 

also shown that smoking prevalence [5.8% vs 27.1%; p=0.001] in the younger group is 

significantly higher than in the elderly one. 

Intraoperatively, our study illustrated that the cardiopulmonary bypass time [155 min (131; 

187) vs. 171 min (137; 220); p=0.012] and cross-clamping time [79 min (60; 105) vs. 93 min 

(71; 134); p= 0.001]) were significantly shorter in elderly than younger group. That’s because 

the surgical procedures performed on the younger group were more complicated and 

aggressive (for example like aortic arch replacement, David Operation, Aortic valve 

replacement or frozen elephant truck procedures) than the one performed on the elderly 

group. Our results have shown that the younger group underwent Conduit/Bental operation as 

surgical treatment to the AAAD significantly more than the elderly group [20% vs 4.4%; 

p=0.002]. On the other hand, our study has shown that none of the elderly group underwent 

David operation in comparison to the younger group [7.3% vs 0.0%; p=0.019]. These types of 

procedures normally need longer bypass and clamping time which explains the difference in 

our results between the two groups. However, deep hypothermic circulatory arrest (DHCA) 

time showed no variation [29 min (22; 40) vs. 33 min (26; 49); p= 0.011].   

 

Table 2:  Intraoperative data. 

 Total  Age < 75 

years 

Age ≥ 75 

years 

P-value 

Length of surgery (min) 280 (227;345) 285 (229;349) 253 

(217;304) 

0.011 

Cardiopulmonary bypass time 

(min) 

166 (135;212) 171 (137;220) 155 

(131;187) 

0.012 

Cross-clamp time (min) 89 (70;127) 93 (71; 134) 79 (60;105) 0.001 

Circulatory arrest (min) 33 (26;46) 33 (26;49) 29 (22;40) 0.011 

Number of packed red blood cells 4 (0;6) 3 (0;6) 4 (2;8) 0.004 

Number of fresh frozen plasma 0 (0;6) 0 (0;6) 2 (0;4.5) 0.326 
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Number of platelets concentrate 2 (1;2) 2 (1;2) 2 (1;2) 0.358 

Surgical procedure     

      only supracoronary ascending aorta 

replacement 

186 (50.5%) 143 (47.7%) 43 (63.2%) 0.020 

   Partial arch replacement 78 (21.2%) 62 (20.7%) 16 (23.5%) 0.602 

   Total arch replacement  48 (13.0%) 42 (14.0%) 6 (8.8%) 0.252 

   Conduit/Bentall operation 63 (17.1%) 60 (20.0%) 3 (4.4%) 0.002 

   David operation 22 (6.0%) 22 (7.3%) 0 (0.0%) 0.019 

   Elephant-trunk 7 (1.9%) 7 (2.3%) 0 (0.0%) 0.357 

   CABG 35 (9.6%) 28 (9.5%) 7 (10.3%) 0.833 

   Aortic valve replacement 57 (15.5%) 49 (16.4%) 8 (11.8%) 0.342 

Number of distal anastomosis 0 (0;0), max 4 0 (0;0), max 4 0 (0;0), max 

3 

0.853 

Number of arterial grafts 0 (0;0), max 1 0 (0;0), max 1 0 (0;0), max 

1 

0.193 

Valve prostheses size (mm) 25 (23;26) 25 (23;27) 24 (23;26) 0.603 

Carotid 7 (1.9%) 7 (2.3%) 0 (0.0%) 0.357 

TEVAR(EVAR) 23 (6.3%) 20 (6.7%) 3 (4.4%) 0.591 

Arterial cannulation     

   Femoral artery 74 (22.2%) 63 (23.2%) 11 (17.7%) ---- 

   Ascending aorta 85 (25.4%) 68 (25.0%) 17 (27.4%) ---- 

   Aortic arch 14 (4.2%) 9 (3.3%) 5 (8.1%) ---- 

   Subclavian artery 1 (0.3%) 1 (0.4%) 0 (0.0%) ---- 

   Apex 5 (1.5%) 5 (1.8%) 0 (0.0%) ---- 

   Pulmonary vein 155 (46.4%) 126 (46.3%) 29 (46.8%) ---- 

Venous cannulation     

   Right atrium 322 (96.4%) 262 (96.3%) 60 (96.8%) ---- 

   Bicaval 4 (1.2%) 4 (1.5%) 0 (0.0%) ---- 

   Femoral vein 8 (2.4%) 6 (2.2%) 2 (3.2%) ---- 

Perfan 93 (30.4%) 76 (30.6%) 17 (29.3%) 0.842 

Suprarenin 194 (62.8%) 153 (61.2%) 41 (69.5%) 0.236 

Corotrop 45 (14.8%) 39 (15.8%) 6 (10.3%) 0.293 

Hemodialysis 83 (26.8%) 62 (24.7%) 21 (35.6%) 0.089 
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Postoperatively, our results shown that there was no significant difference in the occurrence 

of delirium (11.8% vs. 20.5%; p= 0.096) or stroke (11.8% vs. 16.1%; p= 0.369) as 

postoperative neurological complication. 30-day mortality rate was still satisfactory for the 

elderly group, but significantly higher compared with the younger group (27.9% vs. 14.3%; 

p=0.007). 

 

Table 3: Postoperative data and outcomes 

 Total  Age < 75 

years 

Age ≥ 75 

years 

P-value 

AKI KDIGO 80 (22.0%) 63 (21.3%) 17 (25.4%) 0.466 

AKI KDIGO stages     

1 1 (1.3%) 1 (1.6%) 0 (0.0%) ---- 

2 1 (1.3%) 1 (1.6%) 0 (0.0%) ---- 

3 76 (97.4%) 60 (96.8%) 16 (100.0%) ---- 

New –onset of Hemodialysis 80 (21.9%) 62 (20.8%) 18 (26.9%) 0.279 

Temporary dialysis (days)  4 (2;12) 4 (2.5;12.5) 3.5 (1.0;5.3) 0.156 

48 h-drainage loss (ml) 825 

(450;1250) 

800 (500;1300) 850 

(350;1138) 

0.187 

Postoperative blood transfusion 247 (70.8%) 205 (71.2%) 42 (68.9%) 0.716 

24 h-Number of packed red blood 

cells 

0 (0;2) 0 (0;2) 0 (0;2) 0.769 

24 h-Number of fresh frozen plasma 0 (0;4) 0 (0;4) 0 (0;4) 0.973 

24 h-Number of platelet concentrate 0 (0;0), max 

10 

0 (0;0), max. 

10 

0 (0;0), max 4 0.235 

Total number of packed red blood 

cells,  

3 (0;7) 2 (0;7) 3 (0;7.5) 0.789 

Total number of fresh frozen plasma 0 (0;4) 0 (0;4) 0 (0;4.5) 0.801 

Total number of platelet concentrate 0 (0;1) 0 (0;2) 0 (0;1) 0.202 

Postoperative status     

     Stable 71 (20.1%) 62 (21.3%) 9 (14.3%) ---- 

     Stable with low dose catecholamines 232 (65.5%) 191 (65.6%) 41 (65.1%) ---- 

     Stable with high dose 41 (11.6%) 30 (10.3%) 11 (17.5%) ---- 
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catecholamines 

     IABP/ECLS with catecholamines 9 (2.5%) 8 (2.7%) 1 (1.6%) ---- 

     IABP without catecholamines 1 (0.3%) 0 (0.0%) 1 (1.6%) ---- 

Reintubation 66 (18.0%) 58 (19.4%) 8 (11.8%) 0.139 

Tracheotomy 84 (22.9%) 70 (23.4%) 14 (20.6%) 0.617 

Re-admission to the ICU  33 (9.0%) 26 (8.7%) 7 (10.4%) 0.651 

Re-admission POD  5.6±4.5 5.1±4.3 6.7±5.1 0.205 

Postoperative delirium 69 (18.9%) 61 (20.5%) 8 (11.8%) 0.096 

Postoperative myocardial infarction 4 (1.1%) 4 (1.3%) 0 (0.0%) 1.000 

TIA/Stroke (CT-proofed) 56 (15.3%) 48 (16.1%) 8 (11.8%) 0.369 

Electrical cardioversion 26 (7.1%) 20 (6.7%) 6 (8.8%) 0.600 

CPR 28 (7.7%) 23 (7.7%) 5 (7.4%) 0.913 

Bronchopulmonary infection 48 (13.1%) 41 (13.8%) 7 (10.3%) 0.445 

Bacteriaemia/sepsis 17 (4.6%) 12 (4.0%) 5 (7.4%) 0.333 

Rethoracotomy 62 (16.9%) 53 (17.7%) 9 (13.2%) 0.372 

Sternal wound infection/VAC 

revision 

6 (1.6%) 5 (1.7%) 1 (1.5%) 1.000 

Sinus rhythm 271 (77.0%) 228 (79.2%) 43 (67.2%) 0.039 

Atrial fibrillation 40 (11.4%) 32 (11.1%) 8 (12.5%) 0.751 

Other Rhythm 10 (2.8%) 8 (2.8%) 2 (3.1%) 1.000 

Pacemaker patient 21 (5.8%) 16 (5.4%) 5 (7.5%) 0.560 

Ventilation time in hours 64 (21;188) 60 (20;196) 87 (30;173) 0.284 

ICU time in days 5 (2;11) 5 (2;12) 5 (3;9) 0.685 

Postoperative days 11 (7;19) 11 (8;20) 9 (7;14) 0.022 

Mortality POD 2.5 (1;8) 2 (1;8) 3.5 (1;9.3) 0.778 

7 d-Mortality 47 (13.1%) 32 (10.9%) 15 (22.7%) 0.010 

30 d-Mortality 62 (18.0%) 43 (14.3%) 19 (27.9%) 0.007 

Hospital Mortality  61 (17.0%) 42 (14.4%) 19 (28.4%) 0.006 

   Cardiac death 36 (56.3%) 23 (52.3%) 13 (65.0%) ----- 

   Cerebral death 4 (6.3%) 3 (6.8%) 1 (5.0%) ----- 

   Sepsis 3 (4.7%) 2 (4.5%) 1 (5.0%) ----- 

   MOF 21 (32.8%) 16 (36.4%) 5 (25.0%) ----- 
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4. Discussion

Our large single Center study compared the outcomes of 368 Patient who underwent 

emergency AAAD surgical repair focusing on the risk of the occurrence of postoperative 

neurological complications and the 30-day mortality between the elders who aged 75 years 

and older and the young patients who are younger than 75 years old. Postoperative 

neurological complications like stroke or delirium are very common after surgical repair of 

AAAD. The surgical treatment can be a lifesaving procedure depending on the severity of the 

aortic dissection and the time duration between the onset of the symptoms and the arrival of 

the patient in the hospital. Our main findings are that intraoperatively, the younger group 

significantly needed more cardiopulmonary bypass and cross-clamping time than the elderly 

group because according to our study most of the young patients underwent complicated 

prolonged surgery like semi/complete aortic arch replacement or frozen elephant trunk 

operation. These complex surgical procedures need more clamping and bypass time which put 

the patient in risk to develop neurological complications postoperatively.  

On the other hand, there was not a significant difference in the outcomes regarding the 

neurological complications between the elderly and the young group. However, the 30-day 

mortality is significantly higher in the elderly group than the young one.  

Age as a risk factor affects the outcome of the surgical repair of AAAD as have been shown 

by multiple studies that elder patients have a higher risk of developing postoperative 

complications.  

Rylski B et al has shown in a multicenter study in Germany that the mortality rate among the 

young patients is significantly lower than in the elderly group which came proportional with 

our results. [32] 

In another multicenter study by Rylski B et al concerning the differences in the outcome of 

surgical treatment between iatrogenic acute aortic dissection type A (iAAAD) and 

spontaneous acute aortic dissection type A (sAAAD) in 2013 including 2137 sAAAD patients 

and 100 iAAAD patients. The iAAAD patients were relatively older than the sAAAD patients 

(67.7± 9.4 vs 60.1 ± 13.7 years, P <0.0001). The iAAAD Patients underwent less complex 

surgical treatment with shorter operation time, i.e., without hemiarch or complete arch 

replacement. The results shown that the iAAAD patients had significant lower rate of onset of 

postoperatively neurological complications like hemiplegia or paraplegia than the sAAAD 

patients.  
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This was affected by the fact that the iAAAD patients underwent the surgery after the start of 

the symptoms in half as long the duration as sAAAD patients which had a significant effect 

on the surgical outcome and the occurrence of postoperative complications. This confirmed 

our results regarding the relation between the surgical time, time between onset of symptom 

and operation time and the surgical outcome. [33] 

A study by Mehta et al in 2002 focused on the outcome of the management of AAAD in the 

elderly. Mehta et al collected 550 patients with AAAD and categorised the patients into two 

groups old (over 70 years old) and young (younger than 70 years old). The study showed that 

the elderly developed less neurological complications during hospitalization in comparison to 

the young group. Mehta et al stated that may be the reason behind this result is that when the 

aortic dissection is involving one of the main branches of the aorta, this has a significant 

reflection on the occurrence of the postoperative neurological deficits as few old patients 

presented with pulse deficits. This result comes in proportion with our results as our elderly 

group underwent fewer complex surgery including aortic arch replacement or debranching 

which also explains why the elderly group suffered less from neurological deficits 

postoperatively than the young group.  

The study showed through its results the high mortality in the elderly in comparison to the 

young patients and that the mortality in the elderly reached ranged from 31.6% up to 50% in 

ages between 70-85 years old respectively. Although the mortality was high in the elderly but 

it was still satisfactory in comparison to the medical treated patients, which has mortality 

from 50% up to 62% in patients aged 75-85 years old. While on the other side the mortality 

among the young group did not exceed the 33.3%. [34]. This also confirmed our results 

showing that the surgical management may have high mortality among the elderly but 

remains the better treatment option in AAAD. 

In an another multicenter Study from Kreiblich et al in 2019 including the United States, 

Japan and Germany has focused on the AAAD Patients with involvement of common carotid 

artery (CCA) dissection and suffered from a secondary cerebral malperfusion. The study has 

collected data of total 1444 patients. 70% of the patients did not show CCA dissection, 19% 

of the patients showed unilateral CCA dissection and 11% of the patients showed bilateral 

CCA dissection. The data of the patients were collected to illustrate the surgical outcome 

regarding the in-hospital and late outcome. 
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 The study has shown that the risk for perioperative stroke was significantly high in the 

patients underwent surgery with AAAD with CCA dissection involvement in comparison to 

the other group. However, the CCA dissection involvement with AAAD did not show to have 

an impact on the in-hospital or the late survival. Therefore, the surgical repair for AAAD with 

or without CCA dissection involvement with semi/total arch replacement should be 

considered to avoid cerebral malperfusion and further neurological complications.[35] 

In 2014 Komatsu et al from Japan has collected the data of 59 Patients who are older than 70 

years old with mean age of 77.0 ± 4.3 years focusing on the outcome after surgical repair of 

AAAD between 2004 and 2012 in old patients. These patients underwent hemiarch, partial 

arch and total arch replacement tear based on the primary entry tear shown in the preoperative 

diagnosis. The study showed 47 Patients underwent hemiarch replacement, 4 patients 

underwent partial arch replacement and 8 patients underwent total arch replacement 

operation. The primary entry site in 94.9% of the patients was excluded. As a result, the in-

hospital mortality was 6.8%. 25.4 % of the patients developed neurological impairment. 

These results were obtained based on the midterm outcomes for 55 of 59 patients with a mean 

follow of 43.9 ± 23.7 months.  

According to Komatsu et al., the deaths related to AAAD repair in elderly patients can be 

reduced with hemiarch and partial arch replacement operation with entry exclusion, without 

increasing the risk of reoperation and aortic-related death. [36] 

Many studies have discussed how high can the mortality risk of the surgical treatment of 

AAAD in the elderly and compared it with the conservative option of treatment for example. 

On the other hand, most of the studies have proved that the surgical could be risky for the 

elderly but within the satisfactory range of mortality (<30%). 

Although in our study the elderly group underwent less aggressively surgical repair for 

AAAD in which helped in reducing the Cross-clamping and bypass time and that lead to 

reducing the operation time which affected the result significantly. However, the 30-day 

mortality rate in elders in comparison to the younger group was high but still satisfactory. 

The neurological postoperative complications occurrence regarding delirium, stroke and TIA 

has been seen in the daily praxis in patients after a surgical repair of an acute aortic type A 

dissection in both groups. Patients who developed stroke in form of hemiplegia, paraplegia, 

speech disorder or vision disorder after the surgery were diagnosed using neurological clinical 
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assessment and cranial CT. Patients who developed delirium after surgery were assessed with 

confusion assessment method for intensive care unit (CAM-ICU) in the intensive care unit.  

Postoperative delirium can be detected or expected after surgery by many perioperative 

factors like age, alcohol use, cardiopulmonary bypass time und antegrade selective cerebral 

perfusion time and mechanical ventilation time [37]. 

 However, our study results have shown that only 11.8 % of the young patients compared to 

20.5 % of the elderly patients experienced delirium with no significance between both groups 

after the operation during their stay in the intensive care unit.  

In a matter of fact, the assessment of delirium in postoperative patients can be inaccurate due 

to many factors specially in elderly who suffer from hearing or vision disorders which lead to 

misdiagnosis of many patients with delirium. On the other side many elderly patients suffer 

from a known diminished state of consciousness. In this case, those patients should be ruled 

out of the group which diagnosed with delirium. In these cases, CAM-ICU alone cannot be an 

accurate method to diagnose delirium which may affect our result. 

Regarding stroke, a postoperative neurological complication is considered one of the most 

life-threatening complication whether it is a temporarily or a permanent causing possibly 

verbal, vison, movement impairment or restrictions and in some cases can lead to brain death.  

In the daily practice facing AAAD emergent patients predicting the outcome specially the 

neurological state of the patient after an emergent surgical repair has been always the question 

for all the surgeons.  

In 2018 a Chinese study from Zhao et al with a total of 255 patients (mean age 41 ± 16 years, 

79% male) has shown that the postoperative neurological complications which occur after 

surgical repair to AAAD Patients can be determined through computer-tomography 

angiography before the surgical procedure. In this study, the focus was on the neurological 

damage as a neurological complication which can occur through a cerebral infarction on top 

of air or thrombus embolus or due to an acute closure of a supplying artery. The neurological 

damage in this study was divided into temporarily and permanent damage.  

This study has shown that temporarily postoperative neurological damage occurrence 

(reported 2.5-33%) is correlated to the perioperative CT-angiography findings showing an 

entry tear in the aortic arch or the descending aorta, common carotid artery dissection and 

lower enhancement in the unilateral internal carotid artery.  
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On the other side, it has also shown that permeant postoperative neurological damage 

occurrence (reported 4.2-24%) is correlated to perioperative CT-angiography findings 

showing retrograde dissection of the ascending aorta, an entry tear in the ascending aorta or 

aortic arch, and low attenuation in the unilateral internal carotid artery. [38] 

The challenge every surgeon face with every AAAD surgical repair is how to avoid or at least 

minimize the incidence and the risk factor of a postoperative complications. In 2016, Naito et 

al had focused in their study about the permanent neurological deficit following surgical 

repair for AAAD the incidence and the risk factors related to it. In a study with a total 669 

patients who underwent surgically emergency treatment by AAAD 441 patients were treated 

with ascending/hemiarch replacement operation. On the other side, 288 patients were treated 

with total arch replacement operation. The study showed that there is no significant difference 

in occurrence percentage of permanent neurological damage in the ascending/hemiarch and 

the total aortic arch replacement. However, perioperative myocardial ischemia and 

neurological deficit have been proven to be risk factors of postoperative permanent 

neurological damage.  

In addition to that according to Naito et al, shortening the time between the diagnosis and the 

start of the surgical treatment with minimizing the operation time is recommended to reduce 

the incidence of postoperative neurological deficit and have better outcomes. [39] 

However, our study has not shown any significant difference in the occurrence of stroke as a 

postoperative complication following AAAD surgical repair in comparison between both 

groups regarding the age.  

A different study from Dumfarth et al in 2020 discussed the impact of the neurological 

complications associated with AAAD on the outcome of emergency surgical treatment in 

comparison to patients who were perioperatively neurological free of deficit. The study 

collected the data of 338 patients from year 2000-2017. 50 of these had perioperative 

neurological deficit and 288 presented with no neurological deficit. Almost 66 % of the 

patients who had perioperatively neurological deficit had suffered from right hemispheric 

strokes. The other group was presented with bilateral cerebral ischemia.  

 

Cranial CT scans were performed with aortic and supraaortic vessels CT scans to detect any 

cerebral ischemia, infarctions or strokes perioperatively. It was illustrated that the main cause 

behind the neurological complication associated with AAAD is mainly cerebral perfusion 
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impairment due to occlusion one or more of the supraaortic vessels. The dissection flap or a 

thromboembolism can be the cause of the occlusion. [40] 

 

 

Age as an important factor and an independent predictor of mortality in the cases of AAAD has 

a big role in the choice of the treatment. Previous studies have shown how decisive can be the 

choice of treatment specially in elderly cases and its effect on the outcome and the mortality. 

[34] 

 The study of Neri et al has also discussed the role of age in the surgical outcome of the 

AAAD specially in the elderly patients in the current era with progressive aging in the 

European population which confirmed our results by showing that in the patients older than 

80 years old the outcome of the surgical repair was disappointing. Not only that, Neri et al has 

also discussed the options to avoid operating ill and old patients as described as the in-

hospital and intraoperative mortality rates were very high.[41] 

 

5. Conclusion: 

Acute aortic dissection is considered a lethal disease in the cardiovascular field which requires 

an emergently surgical intervention. Acute aortic dissection occurs when an injury to the 

innermost layer of the aorta allows the blood to flow between the layers of the aortic wall 

which can also include intramural hematoma, penetrating aortic ulcer, and rupture of thoracic 

aorta aneurysm.  

 

Acute aortic dissection has a mortality rate of about 1% per hour initially, with half of the 

patients expected to be dead by the 3rd day and almost by 80% by the end of the 2nd week. 

Acute type A aortic dissection is mostly accompanied symptomatically by sudden severe 

chest or upper back pain, loss of consciousness, and shortness of breath. The patients 

presented with diagnosed acute type A aortic dissection must be urgently operated. The 

operation often includes the replacement of the affected area of the aorta with a vascular 

prothesis with the help of the heart-lung-machine. The outcome of the operation may differ 

from a patient to another depending on the age, medical history, case severity, perioperatively 

medications, intra- or postoperatively complications. In this retrospective study we presented 

the age difference and the postoperative outcome in regard to the postoperative neurological 
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complications in the patients who underwent the surgical treatment of acute type A aortic 

dissection under deep hypothermia and cardiac arrest with the help of the heart-lung machine.  

 

We retrospectively analyzed 368 consecutive patients, who underwent replacement of 

ascending aorta using deep hypothermic circulatory arrest (DHCA) (18-22 C°) and antegrade 

cerebral perfusion due to AAAD between 2001 and 2016. 

 

 The Patients were divided into two groups: those aged 75 years and older [elderly group; 68 

(18.5%)] and those younger than 75 years [younger group; 300 (81.5%)]. Comparing both 

groups, average age was 79.0±3.2 vs. 59.2±10.7 years (p<0.001), female gender represents 

58.8% of elderly patients vs. 28.7% in younger patients (p<0.001).  

 

Our study concluded as a result that the mortality risk in the patients over 75 years old is 

significantly higher in comparison to patients under 75 years old who underwent an 

emergency surgical repair of AAAD but was still satisfactory in comparison to other studies. 

 

In addition to that the occurrence of postoperative delirium (11.8% vs. 20.5%; p = 0.097) or 

incidence of stroke (11.8% vs. 16.1%; p = 0.369) was lower in the elderly group.  

 

A high incidence of neurological deficits in elderly patients occurred in operations that took 

longer than 242 minutes. On the other hand, our study has shown that the incidence of 

neurological deficits in young patients was high in operations that took more than 190 

minutes.  

 

This could contribute to the aggressive repair in young patients, which lead us to the 

conclusion that minimizing the operation time by reducing the cross clamping and bypass 

time may help limiting the occurrence of strokes and delirium as post-operative neurological 

complication especially in elderly patients. 
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