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Evolution and results of aortic valve surgery, 
and a ‘disruptive’ technology

Disruptive technologies are innovations that 
are quickly adopted and that change long-es-

tablished practices. One example is coronary stent-
ing; another that is emerging is percutaneous aor-
tic valve insertion. The latter is already benefiting 
patients who would not be able to undergo open 
heart surgery for valve replacement. However, the 
technology is still so new that we do not yet know 
how to define who will benefit from it.

See related article, page 805

valve surgery CONTINues TO IMPrOve ■

The first aortic valve replacement procedures, done 
in the 1960s, carried a mortality rate of 25% to 50%, 
but over time the results have improved considerably, 
even for very complex procedures.1–6 Indeed, for mini-
mally invasive surgical aortic valve replacements at 
Cleveland Clinic, the survival rate is 99.2%, and for 
complex aortic valve repairs with the modified David 
reimplantation operation, all 201 patients who under-
went the operation up to May 2008 survived hospital-
ization. Even in elderly patients, the mortality rate is 
only 1.4% for patients over age 80 undergoing primary 
replacement and 5.6% for reoperative replacement 
(table 1).
 Yet despite these excellent results, 30% to 61% of 
patients with severe symptomatic aortic valve steno-
sis do not undergo surgical aortic valve replacement 
because age and comorbid diseases put them at unac-
ceptably high risk, or because they do not want it, or 
because they were never referred for it.
 This concern about high risk is certainly justified, 
since age and comorbid conditions such as coronary 
artery disease, oxygen-dependent chronic pulmonary 
disease, renal disease, and peripheral vascular disease 
clearly have an adverse affect on outcome. For exam-
ple, the risk of stroke and death is markedly higher in 
patients with peripheral vascular disease.1 It was be-

cause of the strong influence of comorbid disease in 
the elderly that we and others4,6 developed the novel 
approach of replacing the aortic valve with a stented 
valve via a catheter.

surgICal rIsk Is hard TO PredICT ■

Decisions about which patients are at very high surgi-
cal risk or cannot undergo surgery are often somewhat 
subjective, based on a surgeon’s own experience.4,6 An 
algorithm for predicting operative outcomes, the So-
ciety for Thoracic Surgery equation score, is a reliable 
way to calculate the risk of death in patients in need 
of aortic valve replacement. Another method, the Eu-
roScore, has been shown to be less predictive: in an 
audit of data for the multicenter Placement of Aor-
tic Transcatheter Valves (PARTNER) trial currently 
under way to analyze results with these procedures, 
in 4,892 patients undergoing open surgical repair at 
Cleveland Clinic and considered at high risk (Euro-
Score > 10), the calculated expected risk of death was 
26%, but the observed death rate was 10.9%—only 
42% of the expected rate.
 In my personal audit of the last 594 patients who 
underwent open surgical aortic valve replacement and 
were considered to be at high risk, the expected risk of 
death (as calculated by the EuroScore) was 27%, but 
the observed risk was considerably lower at 7%—only 
26% of the predicted rate.

eNTer The PerCuTaNeOus devICes ■

In this issue of the Journal, Dr. Singh and colleagues 
review the options for percutaneous aortic valve 
insertion in high-risk patients, and their potential 
outcomes.7 But as the authors note, much study still 
needs to be done regarding this technique.
 In an initial feasibility study of 55 high-risk or 
inoperable patients undergoing transfemoral aortic 
valve insertion under a protocol approved by the US 
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Food and Drug Administration (FDA), the mortal-
ity rate was 7.2% and the stroke rate was 9.2%. For 
the FDA-approved study of 40 patients underoing 
transapical valve placement, the mortality rate was 
17%, but no immediate strokes occurred in success-
ful procedures, even though most of these patients 
were not eligible for transfemoral aortic valve inser-
tion because of peripheral vascular disease.6 Clearly, 
based on our data,1 the presence of peripheral vascu-
lar disease added to the risk of death.1,6

 Even if the issues surrounding percutaneous 
valve insertion remain unresolved for early versions 
of the devices, one important benefit is that more 
people who would benefit from treatment are be-
ing referred for evaluation. At Cleveland Clinic, we 
have already noticed that sick patients who would 
not previously have been referred for surgery are 
now being referred because of the new technology, 
although only about 20% of these are eventually 
enrolled in the PARTNER study. A further 20% 
undergo conventional open surgery, 20% undergo 

balloon valvuloplasty, and the remainder are too 
sick, die during evaluation, or refuse intervention.6 
Indeed, none of the patients who underwent high-
risk open surgery died.6

 Although this new, “disruptive” technology was 
introduced for patients for whom surgery would pose 
an unacceptably high risk, it is inevitable that, with 
further improvements in prosthetic valves and the 
ways to insert them, percutaneous valve insertion 
will make inroads in the treatment of aortic valve 
stenosis.
 While most disruptive technologies are cheaper 
than the technologies they displace, this may not be 
the case with percutaneous valve insertion: a standard 
aortic heart valve costs $2,500 to $6,000, whereas 
percutaneously delivered valves cost $30,000. The 
hospital stay may turn out to be a little shorter, which 
may help control the overall cost. But while the hos-
pital stay after percutaneous insertion may be shorter 
than for surgical valve replacement (3–5 days vs 5–7 
days), percutaneous valve insertion is currently la-
bor-intensive and requires a team of 25 to 30 people, 
compared with five or six for open repair.
 Percutaneous valve insertion offers selected 
high-risk patients one of the most beneficial treat-
ments in cardiovascular medicine that they po-
tentially would never have benefited from—ie, 
improved quality of life, and more years of life. It 
has great potential, but the problems of procedural 
safety and of access to treatment still need to be 
overcome.	 ■
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TaBle 1

Death rates for aortic valve procedures, 
including complex aortic procedures, at 
Cleveland Clinic: 2001 to December 2007

grOuP N deaTh raTe

Primary AVR < 70 years 720 0.28% a

Primary AVR > 70 years 426 1.6% a

Primary AVR > 80 years 139 1.4% a

Primary AVR > 90 years 3 0% a

Reoperative AVR < 70 years 217 2.3% a

Reoperative AVR > 70 years 238 2.9% a

Reoperative AVR > 80 years 89 5.6%

Reoperative AVR > 90 years 3 0%

Valve-sparing technique 418 1.4% b

Repair of ascending aorta 2,812 4.2% c

Repair of ascending aorta and aortic arch 985 4.6% c

Use of “elephant trunk” technique 275 7.3% c

a Including those with endocarditis but excluding those with coronary 
artery disease 
b Including those with aortic dissection 
c  Including those with dissection and endocarditis involving the aorta  
AVR = aortic valve replacement
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