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Aortic replacement in cardiac surgery
 ■ ABSTRACT

The number of aorta procedures performed annually in 
the United States has grown substantially during the 
past decade. Cleveland Clinic is a leader in research on 
the risk of aortic dissection in patients with a bicuspid 
or tricuspid aortic valve and associated aneurysm, which 
has led to changes in the recommendations of when to 
operate. Safety and effi cacy data support more proactive 
treatment for most patients with thoracic aortic aneurysm 
and/or dissection with a growing emphasis on the need to 
provide life-long care to patients with aortic conditions 

 ■ KEY POINTS  
Adding a proximal thoracic aortic procedure to cardiac 
surgery does not adversely affect safety and effi cacy.

Presence of a bicuspid aortic valve does not signifi cantly 
affect outcomes of aortic root procedures.

Data support aortic replacement in patients when the 
aortic root vessels reach 5.5 cm in diameter. 

Use of circulatory arrest does not directly affect the stroke 
risk associated with ascending aortic replacement surgery, 
but it may be a marker for more serious pathology.

I n 2015, Cleveland Clinic cardiac and vascular 
surgeons performed more than 1,000 open or 
endovascular operations involving the thoracic 
aorta, the most of any US medical center. Car-

dioaortic operations account for a large volume of the 
procedures performed annually in the Department of 
Thoracic and Cardiovascular Surgery at Cleveland 
Clinic. Of the approximately 4,000 cardiac proce-
dures performed per year at Cleveland Clinic, nearly 
1 in 5 includes thoracic aorta replacement. 

Providing optimal care to patients with thoracic 
aortic disease requires a multidisciplinary approach 
beginning in the preoperative phase and extending 
through the life of patients and their families. In the 
Aortic Center at Cleveland Clinic Heart & Vascu-
lar Institute, cardiovascular medicine and imaging 
specialists, geneticists, and cardioaortic and vascular 
surgeons work in unison to provide the highest qual-
ity care. This involves active analysis of outcomes to 
continuously improve the quality of care provided.

This paper examines trends in the treatment of 
thoracic aortic disease, describes the different types 
of therapeutic procedures, and explores details about 
their safety and effi cacy by summarizing the key 
research fi ndings on cardioaortic procedures pub-
lished from our Center during the last 2 years.

 ■ SEGMENTAL PERSPECTIVE
The thoracic aorta begins in the aortic root, which 
includes the aortic valve, and it is both anatomically 
and physiologically different from the ascending aorta 
(Figure 1).  

In general, there are 4 types of aortic repair proce-
dures that include the root (Figure 2): 

1. Modifi ed Bentall procedure with a mechanical 
composite valve graft (CVG)

2. Modifi ed Bentall procedure with a biologic CVG
3. Homograft, or allograft, root replacement with a 

human cadaveric aorta 
4. Valve-preserving aortic root replacement with a 

prosthetic graft but which leaves the patient’s native 
aortic valve intact with or without accompanying 
repair of that valve.
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A Cleveland Clinic study published 
in 2016 analyzed 957 elective aortic 
root replacement procedures performed 
from 1995 through 2014.1 The number 
of procedures in this study were evenly 
distributed across these 4 aortic root 
replacement strategies.

The perioperative mortality rate was 
0.73% and the stroke rate was 1.4%. For 
3 of the 4 procedure types, 15-year sur-
vival rates were excellent: above 80% 
for mechanical CVG, allografts, and 
valve-preservation surgery. The survival 
rate for biologic CVG was lower (57%), 
refl ecting the difference in population, 
as these were typically older patients. 

This study also demonstrated the 
durability of these operations, with a 
reoperation rate of approximately 15% 
at 15 years. Reoperation rates for patients 
having undergone these operations 
should be considered in the light of com-
peting risk of death from other causes. 
As such, the risk of reoperation after 
mechanical CVG, biologic CVG, and 
valve-preserving procedures were similar, 
ranging from 5% to 15%. Allografts had 
the highest reoperation rates (approxi-
mately 30% at 15 years) because they 
used to be the biologic root replacement 
of choice for younger patients but have 
since been found to wear out at a similar 
rate as other bioprostheses.2 As a result, 
they are now used less frequently for 
elective indications.

The trend in choice of aortic root 
replacement procedures varied greatly 
during the study (Figure 3). The great-
est shift was seen for valve-preserving 
operations, which accounted for about 60% of all root 
replacement operations in 2014, up from about 9% in 
1995. The use of biologic CVG replacement stayed 
about the same at 30%, while mechanical CVG usage 
decreased from about 25% to 5%. The most dramatic 
decrease was in allograft replacements, dropping from 
nearly 70% in 2000 to about 5% in 2014 for the 
reasons described above. The use of allografts at our 
institution remains high, however, at more than 100 
per year, mostly for urgent treatment of endocarditis.  

Cleveland Clinic practitioners now perform more 
than 80 valve-preserving root replacement opera-
tions per year, approximately 700 overall. 

Clinical implications
For patients presenting with aortic root aneurysm, 
consider the following:

• Valve-preserving aortic root replacement is pre-
ferred for patients with root aneurysm and a tricuspid 
aortic valve without valve stenosis.

• Valve-preserving aortic root replacement with 
either remodeling or reimplantation is also preferred 
for patients with a bicuspid aortic valve with a dilated 
annulus or root aneurysm, but without aortic-associ-
ated aortic valve stenosis

• Mechanical CVG is preferred for younger 
patients with root aneurysm and aortic valve stenosis 

Figure 1. The sections of the aortic root and its position in the aorta.
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(usually a bicuspid or unicuspid aortic valve); biome-
chanical CVG is preferred for older patients with root 
aneurysm and associated aortic valve stenosis.

• Allografts are now re -
served primarily for patients 
with endocarditis and for 
older patients with a small 
aortic root.

  WHAT ARE THE RISKS 
WITH ASCENDING AORTIC 
REPAIR?

The condition of the patient 
at presentation has become 
the strongest predictor of 
surgical risk. An improved 
understanding of these asso-
ciations can improve our 
prediction of risks and the 
decision about when to oper-
ate. Patients needing aortic 
replacement can present with 
a broad spectrum of patholo-
gies. For example, a patient 
who presents with acute type 
A dissection is quite different 
from a patient with an enlarg-
ing ascending aneurysm who 

had a previous aortic valve replacement for bicuspid 
aortic valve stenosis as a young adult. Further, both 
are different from the elderly patient with the complex 

Figure 3. Trends in number of root replacement surgeries at Cleveland Clinic. Note: dotted lines 
indicate projected trends.

Reprinted from Svensson LG, et al. Long-term survival, valve durability, and reoperation for 4 aortic root procedures combined 
with ascending aorta replacement. J Thorac Cardiovasc Surg 2016; 151:764–774. © 2016 with permission from 

The American Association for Thoracic Surgery. http://www.sciencedirect.com/science/journal/00225223.
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constellation of coronary disease, multivalve disease, 
atrial fi brillation, and an ascending aneurysm—an 
increasingly common presentation. 

Guidelines supporting the decision to replace the 
aorta in patients with chronic asymptomatic aortic 
disease are limited by a lack of data on surgical risk 
and long-term effectiveness. 

A study from the Society of Thoracic Surgeons  
database assessed outcomes in patients who had 
surgical replacement of the ascending aorta, with or 
without root repair.3 The operative mortality (either 
in-hospital or within 30 days of surgery) was 8.3% 
and ranged from 3.5% for elective surgery to 9.1% for 
urgent surgery, and 21.5% for emergencies. End-stage 
kidney disease and reoperation were also shown to be 
independent predictors of risk in that study.

Outcomes at Cleveland Clinic for elective ascend-
ing aortic procedures are much better than these 
national averages. Outcomes data are important to 
patients when making a decision about prophylactic 
surgery. In a study analyzing 1,889 patients undergo-
ing elective ascending replacement at Cleveland 
Clinic between 2006 and 2010, the operative mor-
tality was only 0.5% for those undergoing isolated 
ascending replacement and 2% for those requiring a 
multicomponent operation. In the multicomponent 
group, 87% included aortic valve replacement, 29% 
coronary bypass, and 25% underwent more than 2 
different combined procedures.4

Patient risk factors
A comparison of patient risk factors for the 2 groups 
showed that the isolated replacement group had larger 
aortic diameters, more extensive disease with dilated 
descending aortas, and were more frequently undergo-
ing a reoperation than the multicomponent group. 

To further defi ne the risks, we conducted a pro-
pensity-matching study of 197 pairs of these patients, 
comparing 62 variables including aortic morphology 
data gathered from 3-dimensional analysis of com-
puted tomography scans. Results showed no differ-
ences in survival rates between the groups during 4 
years of follow-up.4 A comparison of the risk of other 
perioperative complications—death, stroke, need 
for dialysis, respiratory failure, and bleeding—also 
showed no differences between the groups.

Does adding ascending aortic replacement to other 
cardiac procedures increase the surgical risk? 
To answer this question, we collected data on Cleve-
land Clinic patients between 2006 and 2011 who had 
aortic surgery in combination with cardiac surgery (N 

= 1,677) and compared them against a similar cohort 
who only had cardiac surgery (N = 12,617).5 The 
objectives were to determine the risk of adding aortic 
surgery to an elective cardiac operation. A second 
objective was to determine the impact of circulatory 
arrest on outcomes. 

Comparison 1. We identifi ed 1,284 matched pairs 
from the 2 groups. Data showed a slightly higher risk 
of stroke in patients who had cardioaortic surgery 
(2.4%) compared with those who had cardiac surgery 
alone (1.7%); however, the mortality rate was not 
signifi cantly different between the groups.

Does circulatory arrest affect the stroke rate? 
From the matched pairs of patients who underwent 
cardioaortic surgery, we identifi ed a subset of patients 
who had circulatory arrest and compared them with 
those who did not have circulatory arrest. The cir-
culatory arrest group had worse outcomes. Mortality 
rates were 4.1% vs 1.0%, respectively, and stroke rates 
were 3.9% vs 0.9%.  

This raised the question of whether circulatory 
arrest was the cause of the worse outcomes or a marker 
of patients with more advanced disease. 

The decision to use circulatory arrest is primarily 
based on 2 factors:

• Patient-specifi c factors, such as those with 
advanced aortic disease in whom circulatory arrest is 
unavoidable. 

• Surgeon preference/technical decision. For 
example, in a patient with a bicuspid valve, the sur-
geon may choose to use a brief period of circulatory 
arrest instead of clamping the proximal arch. 

Comparison 2. To further defi ne the impact of cir-
culatory arrest, we grouped the patients who under-
went cardioaortic surgery (N = 1,677) into those 
who had circulatory arrest (n = 728) or no arrest (n = 
949). From those groups, we identifi ed 324 matched 
pairs of patients and compared the outcomes. 

Our results showed no differences associated with the 
use of circulatory arrest in rates of mortality (1.2% with 
and 0.6% without) or stroke (1.5% for both groups) 
when comparing patients with similar disease character-
istics. These results suggest that the need for circulatory 
arrest was probably not the culprit but more likely a 
marker of patients with more complex disease. It is their 
more advanced disease that puts them at higher risk. 

Comparison 3. To determine whether circulatory 
arrest has an overall impact on cardiac surgery, we took 
the population of matched cardioaortic patients from 
comparison 2 regardless of whether they had circula-
tory arrest and compared them to the larger group of 
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12,617 cardiac surgery-alone patients. Again, results 
indicated that the addition of aortic surgery had no 
real impact on outcomes. Both groups had similarly 
low risks for both mortality (0.9% with aortic replace-
ment vs 0.5% without) and stroke (1.4% with aortic 
replacement vs 1.1% without). 

Clinical implications
This multistepped comparison study found that add-
ing ascending aortic replacement to cardiac surgery 
had essentially no impact on mortality or stroke. 
These data provide evidence indicating that car-
diac surgeons should be more proactive in deciding 
whether to add ascending aorta replacement to car-
diac surgery when treating a patient with a dilated 
ascending aorta. It must be noted, however, that 
patients with more advanced aortic disease are a 
higher risk population. All of these fi ndings highlight 
the importance of managing thoracic aortic disease 
within an experienced multidisciplinary center.

 ■ AORTIC DISSECTION RISK IN PATIENTS WITH 
A BICUSPID AORTIC VALVE AND AORTOPATHY

To help stratify these risks, a Cleveland Clinic study 
published in 2015 analyzed data from 1,181 patients 
with bicuspid aortic valve and associated aortopathy. 
The goal was to determine the risk of aortic dissection 
based on the diameter of the ascending aorta.6 Results 
showed that the probability of dissection increased 
steeply when the aortic root was 5 cm and the ascend-
ing aorta reached about 5.5 cm (Figure 4). 

These fi ndings pro-
vided important evidence 
supporting the need to be 
more proactive in the 
decision to perform aortic 
replacement. Further-
more, the data prompted 
the American Heart 
Association and the 
American College of Car-
diology to publish a clari-
fi cation statement provid-
ing more detail to its 
thoracic aorta and aortic 
valve guidelines. This 
update indicates that in 
patients with a bicuspid 
aortic valve, it is reason-
able to recommend sur-
gery when the aorta is 5 
cm instead of waiting 

until 5.5 cm in high-volume centers that have dem-
onstrated excellent surgical outcomes. This clarifi ca-
tion statement was based on Cleveland Clinic out-
comes showing a mortality rate of 0.25% and a stroke 
rate of 0.75% in a population that included patients 
undergoing emergency aortic dissection surgery.6

This study also analyzed data on patients treated 
with expectant care with optimal medical manage-
ment and imaging surveillance (ie, to monitor the 
dilated aorta). Results from this subset showed that 
the probability of needing an aortic intervention is 
about 60% during the next 10 years once the aorta is 
within the 4.5 cm to 5 cm range.

Another study addressing the correlation between 
risk and aortic size examined 771 patients with a 
dilated ascending aorta (≥ 4 cm) and a tricuspid aortic 
valve.7 This study confi rmed the use of patient height 
as an important factor for indexing maximum aortic 
size to patient body size for predicting risk of late com-
plications. Specifi cally, this study suggested that the 
risk of complications from aortic aneurysm rises when 
the maximum aortic area-to-height ratio exceeds 10. 
This serves as a follow-up to previously published 
data demonstrating the value of aortic cross-sectional 
area-to-height ratio as a predictor of risk in patients 
with bicuspid valves.8 In general, the results of all 3 
studies suggest that we should be more proactive in 
operating on patients with a dilated ascending aorta 
to prevent later risk of rupture or dissection when the 
surgical risk is low. 

When making decisions about patients who need 

Figure 4. Risk of dissection in patients with bicuspid aortic valve increases more steeply in valves with 
a diameter larger than 5.5 cm.

Reprinted from Wojnarski CM, et al. Aortic dissection in patients with bicuspid aortic valve-associated aneurysms. 
Ann Thorac Surg 2015; 100:1666–1674. © 2015 with permission from The Society of Thoracic Surgeons. 

http://www.sciencedirect.com/science/journal/00034975.
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aortic replacement, it is important to assess many 
patient details: their aortic disease, their other non-
aortic comorbidities, and the institution’s outcomes. 
This decision is best made by a dedicated cardioaortic 
specialist at a dedicated center of excellence.

 ■ WHAT IS COMING?

Minimally invasive and endovascular surgery
More ascending aortic surgeries are being done using 
minimally invasive approaches. At Cleveland Clinic, 
about 40% of isolated ascending aortic operations 
are performed through a mini-sternotomy J inci-
sion approach. A Cleveland Clinic study published 
in 2017 evaluated outcomes from this less-invasive 
technique for proximal aortic surgery compared with 
full median sternotomy.9 Results showed it was an 
effective approach with fewer complications, shorter 
hospital stays, and lower costs. 

Stent grafts
The role for stent-graft devices has continued to 
expand.10 At Cleveland Clinic, we have performed 
more than 40 ascending aortic stent-graft procedures, 
one of the largest numbers in the world. Having this 
stent-graft option has enabled us to provide treatment 
for the patients at exceedingly high risk who previously 
had few or no options. Industry partners are working 
to develop dedicated devices for these indications, 
and we are working with them to bring new device 
trials to this underserved population of patients.  
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