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The great Swiss surgeon Theodor Kocher [1841-1917] 
once said: “A surgeon is a doctor who can operate and 
who knows when not to” (1). Given the major impact 
of thoracoabdominal aortic replacement on human 
physiology, not to mention pre-existing co-morbidities 
and potential postoperative complications, it is absolutely 
mandatory to select operative candidates with great care 
for this intervention in order to achieve success. In each 
individual patient the operative risks have to be balanced 
against other treatment possibilities varying from medical 
therapy with antihypertensive drugs to the contemporary 
endovascular or hybrid treatment options. With improving 
diagnostic possibilities on the one hand and an aging 
population on the other hand, more and more patients with 
limited physiologic reserve are being referred for possible 
treatment. Therefore the decision to intervene, either 
with conventional open surgery, endovascular procedure 
or a combination of both, should be based on a predicted 
operative risk that is lower than the risk of optimal medical 
management alone. It is the clinical task of the surgeon 
and anaesthesiologist to select those candidates for whom 
the operative risks are justified. Objective selection criteria 
like those accepted for aneurysms of the thoracic aorta (2) 
could be of great value for this together with solid clinical 
judgment.

Operative indications for open thoracoabdominal 
aortic repair

Since the outcome of open thoracoabdominal repair 
is, amongst other things, linked to the initial clinical 
presentation, early diagnosis is of paramount importance. 
One has to make a clear distinction between symptomatic 
and  a symptomat ic  pa t i ent s .  Most  pa t i ent s  w i th 

thoracoabdominal aortic aneurysms experience no or 
only minor symptoms and the aneurysm is often found 
incidentally during radiologic procedures for other 
indications. Symptomatic patients are certainly in the 
minority when we do not take into account the vague back 
pain that is difficult to be related solely to the aneurysm. 
If frank symptoms occur, they usually can be attributed to 
leakage and its hemodynamic consequences: hypovolemic 
shock and death if no intervention is performed. Massive 
haemoptysis or hematemesis are signs of a fistulisation 
between the aneurysm and the respiratory or gastrointestinal 
tract  respectively.  Al l  ruptured and symptomatic 
thoracoabdominal aortic aneurysms should be operated on 
immediately, regardless of size, if the general condition of 
the patient allows it. Rupture may be impending, meaning 
imminent or threatening; or actual, meaning certain and 
visualised at surgery. Mortality after surgical treatment of 
ruptured thoracoabdominal aneurysms is high, with a rate 
of 54% in the United States between 1988 to 1998 (3). 
Rupture also has a serious negative impact on late survival 
(4,5). Symptomatic thoracoabdominal aneurysms without 
the presence of rupture or near rupture on the other 
hand, can be attributed to the aneurysm compressing vital 
organs such as the trachea, left main bronchus and lung 
(dyspnoea or stridor), the oesophagus (dysphagia), the left 
laryngeal recurrent nerve (hoarseness) or parts of the heart 
(decompensation). Under these circumstances surgery can 
be planned without the necessity to rush in immediately.

Since the majority of patients with thoracoabdominal 
aortic aneurysms are asymptomatic, size becomes the 
single most commonly used criterion to decide whether 
or not to intervene in order to prevent rupture. Based on 
Laplace´s law the aneurysmal diameter becomes the most 
important determinant of the probability of rupture. The 
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of rupture, dissection, and death increases in a stepwise 
fashion (7). The complication rate increases exponentially 
beyond this critical point. The size criteria is confirmed by 
the ACCF/AHA guidelines (8) as level C evidence, Class I 
recommendation. Therefore sizing of the thoracoabdominal 
aorta is crucial. It has to be done correctly in order to 
interpret these data properly and one has to know what 
the normal size of the aorta is. More than two decades ago 
the normal diameters of the different parts of the thoracic 
aorta have been described based on computed tomography 
(CT) and chest X-ray (9). Now we know that age, sex, body 
surface area as well as the location of the aortic measurement, 
the method of the measurement and the type of imaging 
technique used, all influence the normal aortic diameter 
during each cardiac cycle. 

Sizing

In 2010 the ACCF/AHA guidelines delineated important 
recommendations with regard to aortic sizing (8) with CT or 
magnetic resonance imaging (MRI). These recommendations 
included sizing at reproducible anatomic landmarks: mid aortic 
arch between left subclavian and left common carotid artery, 
proximal descending thoracic aorta, mid descending thoracic 
aorta, aorta at diaphragm 2 cm above celiac axis origin, and 
abdominal aorta at celiac axis origin (Figure 1). Additional 
important levels are the abdominal aorta at renal artery 
origin, the infrarenal diameter, the abdominal aorta 2 cm 
above bifurcation, at the bifurcation, and both common iliac 
artery diameters. The external diameter should be measured 
perpendicular to the axis of blood flow with reporting of 
abnormalities of aortic morphology (Class I recommendation, 
Level evidence C). In case of aortic dissection, intraluminal 
clot, and aortic wall inflammation, it becomes even more 
important to use external aortic diameters rather then the 
lumen size. Axial sections remain the mainstay of CT images 
interpretation but two- and three-dimensional reconstructions 
may be helpful in describing the aneurysmal contours. It is 
very important to measure perpendicular to the centreline or 
axis of the aorta, especially in very tortuous aortas (Figure 2). 
Hemodynamic forces resulting from cardiac contraction (10) 
but also the thoracic aortic pulsatility, e.g. during hypovolemia, 
naturally results in significant conformation changes of the 
aorta and its size (11).

Size criteria

Asymptomatic patients with a maximal aneurysmal diameter 

Figure 1 Normal anatomy of the thoracoabdominal aorta with 
standard anatomic landmarks for reporting aortic diameter as 
illustrated on a volume-rendered computed tomography image of 
the thoracic aorta. Anatomic locations: 1. Aortic sinuses of Valsalva; 
2. Sinotubular junction; 3. Mid ascending aorta (midpoint in 
length between Nos. 2 and 4); 4. Proximal aortic arch (aorta at the 
origin of the innominate artery); 5. Mid aortic arch (between left 
common carotid and subclavian arteries); 6. Proximal descending 
thoracic aorta (begins at the isthmus, approximately 2 cm distal to 
left subclavian artery); 7. Mid descending aorta (midpoint in length 
between Nos. 6 and 8); 8. Aorta at diaphragm (2 cm above the 
celiac axis origin); 9. Abdominal aorta at the celiac axis origin

Yale group has provided us with lifetime observational 
evidence on asymptomatic patients showing that the risk of 
dissection or rupture increases with the aneurysm size (6). 
Davies et al. have shown that at the size of 60 mm, the risk 
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of twice the size of a normal, contiguous aortic segment or 
greater than 60 mm are potential candidates for surgical 
resection unless medical comorbidities prohibit this (12-15). 
Since thoracoabdominal aneurysms classically have an 
hourglass configuration with adjacent consecutive smaller 
and wider areas, the maximal diameter is decisive. Smaller 
than 60 mm size criteria can be applied to patients with 
connective tissue disorders of which Marfan syndrome 
is the prototype. The size standards and the relation with 
symptoms are depicted in Figure 3. In 2006 Davies et al. (16) 
introduced the risk of aortic complication (rupture and/or 
dissection and/or death) related to the body surface area. 
They stratified patients into three risk categories (low, 
medium and high risk) based on aortic size index depending 
on body surface area on the one hand and maximal aortic 
diameter on the other hand. The authors suggest to operate 
before a patient enters the zone of moderate risk.

Concerns regarding rapid growth

The descending thoracic or thoracoabdominal aorta 
grows faster than the ascending aorta and arch (0.19 
versus 0.07 cm/year) while abdominal aneurysms have a 
mean growth rate of 0.28 cm/year (7).  When dissection 
has occurred the yearly growth rate of the thoracic aorta 
increases to 0.28 cm/year and this warrants aggressive 
surveillance (6). When the aneurysm is expanding rapidly 
which is defined as a yearly increase in size of more than 

1 cm, symptoms like back pain may become more obvious 
and severe. Consecutive CT scans with short time interval 
may elucidate this rapid increase in size. In dissected aortas 
in which the false lumen is partially or completely closed or 
thrombosed, growth rate is lower compared to situations in 
which the false lumen remains patent (17-19). For accurate 
assessment of rapid growth, comparisons of the sizes have to 
be made exactly at the same level of the aorta (see guidelines 
of the ACCF/AHA) (8). Quick expansion often occurs as 
a consequence of acute dissection, contained rupture, or 
when there is a mycotic component.

Preoperative patient evaluation

All planned interventions on the thoracoabdominal aorta 
should be preceded by a profound assessment of all major 
organ systems, such as cardiac, pulmonary and renal, to 
outline the patient’s overall health and physiologic reserve 
for each organ system specifically. The rationale for this is 
that most patients with thoracoabdominal aortic aneurysms 
have concomitant central and peripheral atherosclerotic 
lesions, aside from those with connective tissue disorders. 
Next, associated medical problems are commonplace in 
patients with aneurysmal disease in general and therefore 
one must focus during the preoperative evaluation on a 
multitude of organs that are potentially at risk during and 
after surgery. For example the majority of patients have 
coexisting hypertension: 76% in Coselli’s series (20), 73% 
in Safi’s series (21), and 66% in our own (22). Obviously 
all comorbidities may increase the surgical risk (23) and 
the negative impact of coronary artery, pulmonary and renal 

Figure 2 Example of an aneurysm running horizontally illustrating 
the importance of exact measurement

Figure 3 Size standards with relation to symptomatology

Thoracoabdominal aortic aneurysm

Symptoms No symptoms

Immediate
surgery

Planned
surgery

Size: no connective tissue disorder: ≥60 mm
connective tissue disorder: ≥50 mm
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disease on survival is of paramount importance and has been 
well documented (4). In symptomatic patients with leaking 
aneurysms there is little or no time to perform more than 
the basic evaluation and few patients have time to undergo 
extensive cardiac assessment. Optimal communication 
between the anaesthetist, the surgeon and the perfusionist 
are important to delineate an overall  strategy for 
perioperative care (9).

Respiratory fai lure with prolonged venti latory 
support and the need for tracheotomy is the most 
common complication after open thoracoabdominal 
replacement (24). The anaesthetist may be faced with an 
altering hemodynamic status during clamping, possible 
myocardial ischemia and single lung ventilation in case of 
left heart bypass use causing right-to-left shunt through the 
non-ventilated left lung with potentially hypoxemia. Chest 
radiography is of little value in making a diagnosis and will 
show an enlarged aortic shadow, with or without evidence 
of associated pulmonary or cardiac disease. Tracheal or left 
main bronchus compression and deviation is occasionally 
evident but CT-scan certainly will give more information in 
these circumstances. Nevertheless it is absolutely necessary 
to have a baseline chest X-ray for comparison in the early 
postoperative period or for the exclusion of other causes of 
the patient’s symptoms. Accordingly lung function testing 
should be performed routinely together with blood gas 
analysis during rest. Since both abdomen and thorax are 
opened during the repair with circumferential division 
of the diaphragm and transection of the costal margin, 
patients are particularly prone to developing postoperative 
respiratory failure. Needless to say that the majority of the 
patients have a smoking history and smoking should be 
absolutely discontinued before surgery. Also chronic 
obstructive pulmonary disease is commonplace in this 
patient group: 40% in the series of LeMaire et al. (25) 
and it is even associated with growth and rupture of 
the aneurysm (26). Pulmonary reserve may be optimized 
by cessation of smoking, the use of bronchodilators and a 
comprehensive exercise programme. The mobility of the 
vocal cords should be evaluated preoperatively because the left 
recurrent laryngeal nerve may be damaged during clamping, 
sewing or simply due to the use of electro-cautery (27). 
However, its function may already be compromised by 
pressure or stretching by the aneurysm itself.

Because the incidence of coronary artery disease is not 
negligible in patients with thoracoabdominal aneurysms 
[36% in the series of Coselli et al. (20), 27% in the series of 
Safi et al. (21)], we suggest to complete the following cardiac 

screening tests in elective cases:
(I) Electrocardiography to detect cardiac ischemia, 

previous myocardial infarction, serious rhythm disturbances, 
ventricular hypertrophy.

(II)  Transthoracic  echocardiography (TTE) to 
evaluate the left and right ventricular function, valve (dys)
function, size of the aortic root and to visualize possible 
compression on the cardiac chambers. Transoesophageal 
echocardiography should only be used when TTE 
information is insufficient (apart from its intraoperative 
use which is almost mandatory). Stress-related severe 
hypertension during this examination, especially during the 
insertion of the echo probe, should be anticipated.

(III) Cyclo-ergometry test is dangerous in case of large 
aneurysms and should not be performed. Cardiologists 
should be aware of that since the decision to perform this 
test is often made almost automatically and independently 
by cardiac laboratory technicians. 

( IV)  Dobutamine-s t res s -echocard iography  or 
dipyridamole-thallium imaging may demonstrate ischaemic 
zones necessitating coronary angiography.

(V) Coronary angiography is only performed in 
patients with symptoms of cardiac ischemia and positive 
testing for cardiac ischemia, in patients who underwent 
previous coronary artery bypass grafting or coronary stent 
implantation and in patients with previous myocardial 
infarction. Significant coronary artery disease should 
be addressed by angioplasty or coronary artery bypass 
grafting before aneurysm repair (20). The use of the 
left internal mammary artery may cause serious problems 
if the left subclavian artery must be clamped during 
thoracoabdominal replacement.

Furthermore a complete blood examination including 
coagulation parameters should be checked preoperatively. 
Coagulation should be corrected preoperatively in order 
to safely insert a spinal catheter according to the current 
guidelines (28). Patients with anaemia can be prepared with 
iron supplements and erythropoietin several days before 
surgery to increase red cell mass (29). All this will reduce or 
even abolish the burden of red blood cell transfusion. 

Since stroke can occur after thoracoabdominal aortic 
aneurysm repair for instance as a consequence of aortic arch 
clamping, duplex scanning of the cerebral vessels in elective 
patients can demonstrate the presence of concomitant 
stenoses in the carotid and/or vertebral arteries. Needless 
to say, patients with a history of stroke should undergo 
thorough neurologic evaluation, possibly including CT 
scanning of the brain. 
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Postoperative renal failure is predictive of poor 
outcome (30) .  Unfortunately, many patients with 
thoracoabdominal aortic aneurysms have involvement of 
the renal arteries within the extent of the aneurysm itself 
or have intrinsic renal artery stenoses (atherosclerosis 
or dissection), which may result in renal impairment. 
Therefore measurement of serum creatinine or glomerular 
filtration rate is necessary. The use of angiographic contrast 
dye shortly before surgery in elective cases should be 
avoided. In scheduled cases the repair should be deferred 
until laboratory values are normalised. The operative 
planning also includes the evaluation of the status of the 
peripheral vessels for signs of peripheral vascular disease, 
which can be defined either by angiography, CT scan, or 
ultrasound. An overview of the suggested preoperative 

examinations in elective cases is given in Table 1.

Conclusions

Surgeons should realize that an open thoracoabdominal 
replacement is a major cardiovascular intervention affecting 
multiple organ systems and may be complicated by serious 
intra- and postoperative problems. Through better 
selection, evaluation and preparation of surgical candidates, 
results can be improved. This alertness, together with 
meticulous surgery, has resulted in a drastic reduction of all 
major complications in large aortic centers, but one should 
realize that all that glitters is not gold (31). The decision 
to replace the thoracoabdominal aorta is not a minor one 
and has major implications. Therefore age, comorbidities 

Table 1 Overview of the suggested preoperative examinations in elective patients

Suggested preoperative investigations

1.Cardiac investigations

-electrocardiogram

-transthoracic echocardiography 

-bilateral blood pressure measurment in arms

-dypyridamole-thallium imaging or dobutamine-stress-echocardiography 

-coronary angiography*

-evaluation by cardiologist

2. Pulmonary investigations

-chest X-ray

-spirometry

-blood gas analysis in rest

-evaluation by pneumologist

-stop smoking

-start bronchodilators and exercise programme*

3. General blood laboratory examination

-including coagulation parameters and serum creatinine level

4. Duplex scanning carotid and vertebral arteries

5. Neurologic evaluation*

-brain CT

-evaluation by neurologist

6. Exclusion of infectious foci

7. Mobility of vocal cords

8. Evaluation of peripheral vessels*

-ultrasound examination or

-angiography

*if clinically indicated
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and life expectancy should also be taken into consideration. 
Above all, it is important to realise that “not all that is 
technically feasible is in the patient’s best interest” {Mark 
M. Ravitch [1910-1989]}.
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