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Transcatheter Aortic Valves 
Replacements (TAVRs) are stented, 
biological valve replacements for 
diseased or malfunctioning native or 
prosthetic aortic heart valves and are 
implant through a catheter. They are 
specifi cally approved for use in 
inoperable or high surgical risk patients. 
Before this innovation, the only treatment 
option for patients that were considered 
too high risk to undergo open heart 
surgery, often the elderly, was aortic 
balloon valvuloplasty. Edwards 
Lifesciences came to market with the fi rst 
US approved TAVR, the Sapien, in 2011, 
and Medtronic entered the market with 
the CoreValve in 2014. Both valves, 
however, have undergone rapid 
innovation in the last fi ve years. The 
newest generation of TAVRs from 
Edwards Lifesciences and Medtronic are 
the Sapien 3 and CoreValve Evolut R, 
respectively. In most recent news, the 
Sapien XT (second generation) and 
Sapien 3 (third generation) were 
approved in August of 2016 for use in 
intermediate surgical risk patients.

Clinical Countdown

An Inside Look at Cardiovascular Technology

Devices with evidence to 
support associated quality 
of care and cost premiums

Achieving quality improvement while reducing 
costs is top of mind for every health system. 

This is particularly relevant now for cardiovascular medicine. 
Cardiovascular technology is experiencing rapid innovation, 
especially with the introduction of minimally invasive 
technologies and resorbable implants. This innovation, coupled 
with Medicare’s newly proposed, mandatory bundled payments 
for cardiac care, means that this category has become a huge 
opportunity for health systems to improve patient outcomes, 
quality, and costs. Lumere evaluated three types of new and 
innovative devices in the cardiovascular space: 

• Devices with demonstrated improvements in patient 
outcomes and merit price premiums

• Devices that are promising but do not necessitate price 
premiums 

• Devices that may negatively impact patient outcomes and 
hospital costs
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Key Clinical and Operation Outcomes 
associated with TAVR Devices

•	 TAVR is associated with lower mortality than 
standard of care for inoperable patients1,2 and 
equivalent mortality with shorter length of stay3 
than surgical aortic valve replacement (AVR) in 
high4-9 and intermediate surgical risk patients.10-12 

•	 Balloon-expandable valves (Sapien line) are 
associated with significantly lower rates of 
postoperative aortic regurgitation at 30 days (0.0 
to 3.39% vs. 7.2 to 15.75%)13, 14 and pacemaker 
implantation up to 1 year after implantation (24.3 
to 37.6% vs. 5.5 to 17.3%, P all ≤ 0.001)14,15,16 compared 
to self-expanding valves (CoreValve line).15,17-27 

•	 The Sapien 3, the newest generation of the Sapien 
family of devices has been associated with higher 
rates of pacemaker implantation than earlier 
generations,28,29,30 potentially due to design 
changes of the valve and positioning during 
implantation. However, the CoreValve Evolut R 
pacemaker implantation rates may be lower than 
the previous generation (11.7% after 30 days31 and 
15.2% after 1 year32).

Outcome Differentiation Between Minimally 
Invasive Device Options

•	 Expanded indications for TAVR to patients with 
intermediate surgical risk does not necessitate 
adoption in all of these patients and other aortic 
valve prosthesis types may be more appropriate. 
Rapid deployment valves offer an alternative, 
minimally invasive therapy. The two currently 
available rapid deployment valves include the 
sutureless, Perceval valve and the sutured, Intuity 
Elite valve.

•	 Compared to TAVR, Perceval valve is associated 
with lower mortality at 30 days (2.5% vs. 7.5%, OR = 
0.33, 95% CI = 0.16 to 0.69)33 and up to 2 years after 
implantation (5.1% vs. 20.5%, P < 0.001)34 and lower 
aortic regurgitation (3.5% vs. 33.2%, OR = 0.09, 95% 
CI = 0.05 to 0.16).33 

•	 However, the Perceval valve is associated with 
higher postoperative atrial fibrillation (10.9 to 

18.4% vs. 42.21 to 58.49%),34,35 a trend towards 
increased bleeding (4.8% vs. 0.9%, OR = 3.18, 95% CI = 
0.91 to 11.18),33 and an increased hospital length of 
stay (LOS) of approximately 2 days34,36  and of ICU 
stay of approximately 1 day36 compared to TAVR.

•	 Studies directly comparing use of the currently 
available two rapid deployment valves are limited 
but suggest that clinical outcomes when using the 
two valves are similar, with the exception of an 
observed short-term reduction in platelet count 
after implanting the Perceval which was postulated 
to be caused by the exposed stent in the 
Perceval.37,38 

Financial Considerations

•	 Based on cost analyses, AVR with the sutureless 
Perceval valve is associated with a reduction in cost 
compared to AVR with sutured valves and TAVR.35 
However, additional clinical outcomes not 
addressed in these studies, including mortality, 
pacemaker implantation, blood loss, and aortic 
regurgitation may add additional clarity to the 
cost-effectiveness of these procedures.33,42-49

•	 Additional vendors are expected to enter the TAVR 
space in the next 1 to 2 years, which is expected to 
reduce prices and a second rapid deployment 
valve, the Intuity Elite from Edwards Lifesciences, 
was just approved for use in the US in August 2016.

Strategic Recommendation
Multidisciplinary planning and collaboration is essential 
due to the availability of both transcatheter and rapid 
deployment aortic valve replacements, where evidence 
should drive patient and device selection. 

Lumere Evidence Insight
TAVR is an effective therapy with evidence of product 
superiority.
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Promising devices that do not demand 
price premiums

The Arctic Front Advance Cardiac CryoAblation Catheter is 

a cryoballoon catheter, where nitrous oxide is delivered via 

an injection tube to the inner surface of the balloon, 

freezing and terminating errant conduction in the tissue 

that is in contact with the balloon. Catheter ablation of 

drug-refractory paroxysmal atrial fi brillation is 

recommended by a 2012 expert consensus statement 

(Class I, Level A indication),50 where pulmonary vein 

isolation is a common approach51 and radiofrequency (RF) 

technology has been the standard of care. However 

ablation strategies have evolved and cryoballoon 

ablation is increasingly being performed and used as an 

alternative to RF ablation. RF ablation has been criticized 

because of its complexity requiring application of the RF 

current in a point-by-point mode and the extensive 

learning curve associated this therapy due the signifi cant 

amount of skill and profi ciency required. Although 

cryoballoon ablation is also highly technical, the learning 

curve is shorter and potentially enables smaller facilities 

without extensive prior experience to rapidly become 

profi cient.

To date, the only approved cryoballoon catheter is the 

Arctic Front family of cryoballoon catheters, which are 

provided by Medtronic. The fi rst-generation device, the 

Artic Front Cardiac CryoAblation Catheter, came to market 

in 2010 and the second-generation device, the Arctic Front 

Advance Cardiac CryoAblation Catheter, was approved for 

use in 2012, followed by the Arctic Front Advance ST 

Cardiac CryoAblation Catheter in 2015, featuring a shorter 

tip. In June of 2016, Medtronic published the results of their 

FIRE AND ICE Trial (NCT01490814).51 This trial is one of the 

largest randomized trials comparatively evaluating the 

Arctic Front family of cryoballoon catheters (fi rst- and 

second-generation devices) and the standard of care, RF 

ablation, in patients with paroxysmal atrial fi brillation, but 

it was non-inferiority study and manufacturer sponsored. 

Freedom from Recurrence

•	 Based on the FIRE AND ICE trial, 

cryoballoon ablation (both fi rst- and 

second-generation Arctic Front 

cryoballoon ablation devices) is non-

inferior to RF ablation in terms of the 

recurrence rate of atrial 

tachyarrhythmia (AT) based on the 

per-protocol analysis (1-year Kaplan-

Meier event rate estimates, 31.9% and 

35%, respectively; HR = 0.91; 95% CI: 0.71 to 

1.17; P < 0.001 for noninferiority),51 where 

non-inferiority was also concluded 

based on the modifi ed intention-to-treat 

analysis. This fi nding was corroborated 

by a previous prospective, randomized 

controlled trial (FreezeAF Study) and 

two large meta-analyses.52-54

•	 Further, the second-generation 

cryoballoon ablation device may reduce 

the incidence of AT compared to 

non-contact force RF ablation (Incidence 

of AT during the follow-up period of 

8.8-16.8 months: 22.0% vs. 38.5%, OR = 0.46, 

95% CI 0.33 to 0.64, P < 0.00001).53,55

•	 The second-generation cryoballoon 

catheter may improve overall long-term 

success, defi ned at freedom from atrial 

fi brillation, compared to fi rst generation 

cryoballoon catheter (Kaplan-Meier 

survival analysis 68.3% vs. 86.7%; log rank 

P = 0.017).56

Lumere Evidence Insight
The Arctic Front Advance is a promising 
technology that is currently considered an 
alternative, but not superior treatment.
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Procedure and Fluoroscopy Times

•	 The effect of cryoballoon ablation on procedure and fluoroscopy 
times is inconclusive. Although cryoballoon ablation resulted in 
reduced mean total procedural time (124 vs. 141 minutes, P < 0.001) 
but an increased mean total fluoroscopy time (17 vs. 22 minutes, P < 
0.001) in the FIRE AND ICE trial,51 these findings have not been 
consistently demonstrated in large meta-analyses.53,54 Procedure 
time is either equivalent or reduced whereas fluoroscopy time is 
either equivalent or longer, but both meta-analyses acknowledge 
that significant heterogeneity is associated with these outcomes 
and that limited conclusions can be made.53,54

•	 The second-generation cryoballoon catheter may improve 
procedural time and fluoroscopy time compared to the first-
generation device (procedure time: 102 ± 24.8 min vs. 153.1 ± 32 min, P 
= 0.019; fluoroscopy time: 14.2 ± 13.5 min vs. 36.3 ± 16.8 min, P = 
0.00016),55 and the third generation device may provide further 
benefit in terms of procedure time compared to the second 
generation device.56,57

Complications

•	 While cryoballoon ablation consistently reduced pericardial effusion 
(0.80% vs. 2.10%)54 and cardiac tamponade (0.30% vs. 1.3 to 1.4%),53,54 it 
results in higher rates of phrenic nerve palsy (PNP) (1.2 to 7.6% (includes 
transient and persistent PNP) vs. 0.0 to 0.10%).53,54,56

Financial Considerations

•	 Based reported costs and a cost analysis, cryoballoon ablation is 
associated with an increase in hospital costs compared to RF 
ablation (Inpatient costs: 30% ($2,803) higher, Outpatient costs: 19.5% 
($2,215) higher).58,59

•	 Additional arrhythmias requiring RF ablation touch-ups or 
additional lesion sets was the most significant patient characteristic 
contributing to the cost adjustment and hospital characteristics 
such as region, location (urban vs. rural) and size had the greatest 
effect on cost. However, complications were similar between each 
technology and not considered to be a significant driver of the cost 
difference.59

•	 The analysis is limited by its reliance on ICD-9 diagnosis coding from a 
large database for model inputs, which does not allow for 
differentiation of paroxysmal and persistent atrial fibrillation, 
determination of exact devices used for a particular procedure, 
determination of operator experience, and evaluation of long-term 
treatment costs.59

Strategic 
Recommendation
Carefully evaluate the clinical 
evidence before implementing new 
technologies and use evidence 
to negotiate device pricing as 
no device has demonstrated 
clinical superiority. RF ablation is 
a well-established therapy and 
may be less costly but requires 
significant amount of skill and 
proficiency, whereas the learning 
curve associated with cryoballoon 
ablation is shorter and potentially 
allows smaller facilities to 
adopt ablation therapy without 
extensive prior experience.
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Devices that may negatively impact patient outcomes and 
hospital costs

The Absorb GT1 Bioresorbable Vascular Scaffold (BVS) is an 
everolimus-eluting coronary stent designed to be resorbed 
approximately 3 years after implantation. Resorbable stents have 
been proposed to avoid adverse events associated with drug-
eluting stents (DES) such as very late thrombic events and reduced 
need for long-term anti-clotting medication. The Absorb stent was 
approved for use by the FDA in July 2016 based on the results of 
the US pivotal trial (ABSORB III), a noninferiority design comparing 
rates of the composite outcome of target-lesion failure between 
BVS and Xience, an everolimus-eluting cobalt chromium stent.

Device Thrombosis 

•	 Although device thrombosis is a rare complication following DES 
or BVS implantation, the BVS is associated with increased 
thrombosis compared to metallic DES, particularly everolimus-
eluting metallic stents. The ABSORB III trial found a non-
significant increase in rates of definite or probable device 
thrombosis after 1 year when compared to the Xience everolimus-
eluting cobalt-chromium stent (RR = 2.08, 95% CI = 0.78 to 5.51).60 
Two meta-analyses, which expanded the patient population by 
including retrospective studies and studies comparing BVS to 
non-Xience DES, did demonstrate significantly different rates of 
thrombosis.61,62 

•	 Most of the stent thrombosis is observed within 30 days of 
implantation, suggesting that technique or physical properties of 
the stent play a large role in thrombus formation.60,63,64

Myocardial Infarction

•	 The BVS may be associated with increased rates of myocardial 
infarction (MI) compared to everolimus-eluting metallic stents. 
The US pivotal trial (ABSORB III) of the Absorb BVS found non-
significant increases in rates of any MI (RR = 1.22, 95% CI = 0.85 to 
1.76) and target-vessel MI (RR = 1.31, 95% CI = 0.88 to 1.97) when 
compared to the Xience everolimus-eluting cobalt-chromium 
stent, but this trial under-powered to detect rare events such as 
myocardial infarction.60 When this data was pooled with other 
randomized trials comparing the BVS to Xience, the rate of 
target-vessel MI was found to be significantly increased in BVS 
recipients compared to those receiving Xience, though the 
increased rate of total MI in BVS recipients was non-significant.65 

Lumere Evidence Insight
Conclusions regarding the 
performance of the BVS are currently 
limited by the following: 1) data 
from the large randomized trials 
of the BVS is not yet available for 
the post-resorption timeframe, 
2) the ideal resorption timeframe 
for an absorbable DES has not 
yet been identified, 3) the BVS has 
not been studied in patients with 
complex disease, 4) the BVS has not 
demonstrated superiority in clinical 
outcomes up to one year after 
implantation.
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Strategic Recommendation
Carefully evaluate the clinical evidence before 
implementing new technologies and use 
evidence to negotiate device pricing as no 
device has demonstrated clinical superiority. 
RF ablation is a well-established therapy and 
may be less costly but requires signifi cant 
amount of skill and profi ciency, whereas the 
learning curve associated with cryoballoon 
ablation is shorter and potentially allows 
smaller facilities to adopt ablation therapy 
without extensive prior experience.

•	 Other meta-analyses including other metallic DES as 
comparators to the BVS have also found signifi cantly 
or near-signifi cant increased rates of total MI in 
patients who receive the BVS compared to DES.61,62,66 

Mortality

•	 No signifi cant difference has been observed in 1-year 
mortality rates between BVS recipients and metallic 
DES recipients. Both the US pivotal trail (ABSORB III) 
and a meta-analysis of trials comparing the BVS to the 
Xience stent specifi cally stated they were 
underpowered to detect differences in mortality, which 
was never higher than 1.1% in either study arm.60,65

Duration of Dual Antiplatelet Therapy (DAPT) 

•	 The optimum duration of DAPT for BVS recipients has 
not been identifi ed. Early trials specifi ed a 6-month 
minimum, but more recent trials have required DAPT 
for a minimum of 12 months in BVS recipients.67-70 

•	 The current guidelines from the American College of 
Cardiology and American Heart Association 
recommend at least 6 months of DAPT for DES 
patients with stable ischemic heart disease and 12 
months of DAPT for those with acute coronary 
syndrome.71 

Procedure Time

•	 Implantation of the BVS is associated with a 
signifi cantly longer procedure time compared to that 
of metallic DES (mean procedure time: BVS = 42.2 to 
115.5 minutes, DES = 38.3 to 88.9 minutes, all p < 
0.001),60,65,72 likely due the increased use of pre-
dilatation,72,73 post-dilatation,60,65,73 cutting/scoring 
balloons,72,73 and intravascular imaging.65,72,73

Financial considerations

•	 Although no formal cost-effectiveness studies of the 
Absorb BVS have been conducted, it is unlikely to be 
cost effective compared to other DES due to increased 
rates of thrombosis, increased device cost, increased 
procedure time, and increased use of ancillary 
products. A currently recruiting randomized trial will 
formally evaluate costs associated with the BVS.60-63,65-

67,71-76
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