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ABSTRACT & COMMENTARY

Reduced Leaflet Motion in Bioprosthetic 
Valves: What Does It All Mean?
By Jeffrey Zimmet, MD, PhD

Associate Professor of Medicine, University of California, San Francisco; Director, Cardiac Catheterization Laboratory, 
San Francisco VA Medical Center

Dr. Zimmet reports no financial relationships relevant to this field of study.

SOURCES: Makkar RR, et al, Possible subclinical leaflet thrombosis in bioprosthetic aortic valves. N Engl J Med 2015 Oct 5. [Epub ahead 
of print].

Holmes DR, Mack MJ. Uncertainty and possible subclinical valve leaflet thrombosis. N Eng J Med 2015 Oct 5. [Epub ahead of print].  

Laschinger JD, et al. Reduced leaflet motion in bioprosthetic aortic valves — The FDA perspective. N Eng J Med 2015 Oct 5. [Epub 
ahead of print].

Is more information always better? That is one 
question for cardiologists and regulatory agencies 
alike since the recent publication of the above re-

port. Transcatheter aortic valve replacement (TAVR) 
is currently available in the United States with two 
commercially available bioprostheses: the Edwards 
Sapien series of bovine balloon-expandable valves 
and the CoreValve line of self-expanding porcine 
valves. The PORTICO IDE trial is an ongoing pro-
spective, clinical trial examining the safety and ef-
ficacy of another valve — the investigational Portico 
device — for TAVR. As part of this trial, a prespeci-

fied subgroup underwent post-implant CT scans to 
examine the valve frame. These scans demonstrated 
the unanticipated finding of reduced leaflet motion 
in several patients. A detailed analysis of all CT and 
imaging data ensued, leading also to the formation 
of two separate registries to evaluate bioprosthetic 
leaflet function after transcatheter or surgical aortic 
valve replacement: the Assessment of Transcatheter 
and Surgical Aortic Bioprosthetic Valve Thrombosis 
and Its Treatment with Anticoagulation (RESOLVE) 
registry and the Subclinical Aortic Valve Biopros-
thesis Thrombosis Assessed with Four-Dimensional 
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Computed Tomography (SAVORY) 
registry.

The findings thus far are striking. Of 
the 55 patients in the PORTICO IDE 
trial with complete contrast CT data, 22 
showed reduced aortic leaflet motion. 
The mix included 16 of 37 with Portico 
valves, 6 of 14 with Sapien XT valves, 
and none of the four Corevalve patients. 
All patients with reduced leaflet motion 
had hypodense opacities at the base of the 
corresponding leaflets. The 10 patients 
from this group of 22 who also under-
went transesophageal echo had concor-
dant findings, with echogenic masses on 
the aortic aspect of the leaflets preventing 
normal motion.

None of the eight patients who received 
therapeutic warfarin were found to have 
reduced leaflet motion, as opposed to 
more than half of patients on no antico-
agulation or antiplatelet agents alone. 
Moreover, all 11 of the patients who were 
subsequently placed on therapeutic war-
farin recovered normal leaflet motion on 
follow-up CT, while this was true of only 
one of 10 patients who did not receive 
warfarin but had follow-up imaging.

Among the registry patients, the numbers 
were lower but still significant. Reduced 
leaflet motion occurred in 17 of 132 
patients studied, including 15 of 105 
with transcatheter valves and two of 27 
with surgical valves. As in the PORTICO 
patients, none of the 13 patients who 
happened to be on therapeutic antico-
agulation with warfarin had subsequent 
leaflet motion abnormalities.

The authors concluded that abnormal 
leaflet motion is reliably detected in a 
significant proportion of both surgical 

and transcatheter bioprosthetic aortic 
valves by volume-rendered CT scans. This 
phenomenon appears to be effectively 
prevented and treated by warfarin but not 
by antiplatelet drugs. These observations, 
in concert with the imaging findings on 
the leaflets themselves, suggest a throm-
botic cause.

n COMMENTARY
One important term in the title of this 
work is “subclinical.” Both transcatheter 
and surgical aortic bioprostheses are rou-
tinely followed by transthoracic echocar-
diogram, which fails to detect the noted 
phenomenon in most cases. Despite the 
finding of often-severe restriction of leaf-
let motion, the mean gradients measured 
across these valves were not significantly 
different than those from unaffected 
valves. Clinically evident bioprosthetic 
valve thrombosis remains rare with cur-
rently available valves and periprocedural 
care, occurring in less than 1% of cases.

The potential link of subclinical valve 
thrombosis to stroke is tenuous at best, 
as the number of events in the combined 
studies was quite small. However, this 
clearly deserves more study.

Overall, the clinical data on these valves 
have not changed — for the most part 
they remain both effective and safe. The 
study paper itself, as well as two accom-
panying editorials, calls for more data to 
answer a host of questions brought up 
by these findings. Although it is clearly 
premature to change practice, I would 
be surprised if there were not a move 
to expand the use of warfarin in TAVR 
patients, at least in patients with higher 
risk profiles. Ultimately, the meaning and 
appropriate response to these findings will 
be answered by further rigorous study.  n

ABSTRACT & COMMENTARY

Beta-blocker Dose More 
Important Than Heart Rate 
in Systolic Heart Failure
By Van Selby, MD
Assistant Professor of Medicine, UCSF Cardiology Division, Advanced Heart Failure Section, 
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SOURCE: Fiuzat M, et al. Heart rate or beta-blocker dose? Association with outcomes in ambulatory heart failure patients with systolic 
dysfunction: Results from the HF-ACTION trial. JACC: Heart Failure 2015. doi:10.1016/j.jchf.2015.09.002.

Beta-blockers reduce both morbidity and mortality 
in chronic heart failure with reduced ejection 

fraction (HFrEF). More recently, heart rate (HR) 
reduction has been associated with better outcomes 
in HFrEF. Fiuzat et al aimed to determine whether 
higher beta-blocker doses or reduced HR has a 
greater impact on outcomes in chronic HFrEF.

To compare the relative effects of HR reduction and 
higher beta-blocker dose, they performed a secondary 
analysis of the HF-ACTION trial. HF-ACTION 
randomized 2331 patients with ambulatory NYHA 
functional class II-IV heart failure and left ventricular 
ejection fraction < 35% to exercise training vs 
usual care. Patients were on stable doses of heart 
failure therapies for at least 6 weeks prior to study 
enrollment, with 94.5% receiving beta-blockers. 
Secondary analysis patients were categorized as either 
high (≥ 25 mg/day of carvedilol equivalent) or low 
beta-blocker dose and high (≥ 70 bpm) or low HR. 
The primary endpoint was the composite of death or 
all-cause hospitalization, and median follow-up was 
2.5 years. 

In unadjusted analyses, both higher beta-blocker dose 
and lower HR were associated with reduced risk of 
death or hospitalization. However, after adjusting 
for other predictors, only higher beta-blocker 
dose was significantly associated with the primary 
outcome (hazard ratio 0.77; P = 0.03). Higher 
beta-blocker dose was associated with improved 
outcomes regardless of the achieved HR. There was 
no increased risk of bradycardia among patients on 
higher doses of beta-blockers. The authors concluded 
that in HFrEF, titrating beta-blocker doses may 
confer a greater benefit than reducing HR.

n COMMENTARY
Multiple large randomized trials have shown that 
treatment with beta-blockers leads to symptomatic 
improvement, reduced hospitalization, and 
increased survival in HFrEF. These trials generally 
targeted high doses, and as a result current 
guidelines recommend treatment with moderate to 
high doses of beta-blockers in HFrEF. However, 
evidence of a strong dose-response relationship for 
beta-blockers is somewhat limited, and one meta-
analysis found no association between beta-blocker 
dose and outcome. The findings from the current 
analysis show that patients with higher beta-blocker 
doses have a lower risk of hospitalization or death, 
even after adjusting for other clinical predictors, 

and support the current recommendations.

Despite clear guideline recommendations, multiple 
studies have found that most patients with HFrEF 
are not titrated to target doses. There are many 
reasons for this, including concern for side effects, 
health system barriers that prevent easy medication 
titration, and possibly a lack of clear evidence that 
outcomes improve at higher doses. With the recent 
FDA approval of ivabradine, clinicians may be 
tempted to keep beta-blockers at lower doses and 
instead initiate ivabradine to achieve HR goals in 
patients with HFrEF. Ivabradine effectively lowers 
HR without many of the side effects associated with 
beta-blockers, and does not affect blood pressure. 
The findings of Fiuzat and others remind us that 
such practices are unacceptable for patients with 
HFrEF. Beta-blockers have beneficial effects in HFrEF 
beyond lowering HR, and titrating to target doses 
must be considered the first-line treatment.

This was a post-hoc analysis with several limitations. 
It is possible that patients on lower doses of beta-
blockers were sicker, and therefore unable to tolerate 
target doses. The authors adjusted for many clinical 
characteristics, but residual confounders are a 
possibility. Furthermore, this study did not evaluate 
the strategy of using a non-beta-blocking medication 
such as ivabradine to lower HR; rather, it studied the 
association between baseline HR and outcomes. 

Certain strategies can help reach target beta-blocker 
doses, and there are published guidelines to help 
increase the chance of successful up-titration. Always 
start with low doses (i.e., carvedilol 3.125 mg twice 
per day), and there should be minimal or no evidence 
of fluid retention when beta-blockers are initiated or 
up-titrated. Patients should be instructed to check 
their weight every morning after every dose increase 
to identify worsening fluid retention, and they should 
be advised that any initiation or dose increase may 
be associated with mild worsening of heart failure 
symptoms that often resolves after several weeks.
A growing body of literature shows the importance 
of reaching target doses of beta-blockers in HFrEF. 
It can be difficult at times, and may require close 
monitoring. Nevertheless, given the clear benefit 
this must be the goal for all HFrEF patients. The 
approval of ivabradine will be a useful addition for 
a small portion of HFrEF patients, but absolutely 
cannot substitute for higher beta-blocker doses in 
those patients who can tolerate it.  n
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ABSTRACT & COMMENTARY

Slow Down, Save Lives? Rate Control 
in Atrial Fibrillation
By Cara Pellegrini, MD

Assistant Professor of Medicine, UCSF; Cardiology Division, Electrophysiology Section, San Francisco VA Medical Center

Dr. Pellegrini reports no financial relationships relevant to this field of study.

SOURCE: Chao TF, et al. Rate-control treatment and mortality in atrial fibrillation. Circulation 2015;132. [Epub ahead of print].

National guidelines emphasize the importance of 
rate control in the long-term management of 

atrial fibrillation (AF). Yet, there are limited data to 
support whether use of rate control agents impacts 
survival in AF patients, and there are no evidence-
based data to guide choice of rate control agent. 
Chao et al have performed a large observational 
population study utilizing a Taiwanese nationwide 
AF cohort culled from a database that houses 
detailed healthcare information from > 99% of 
Taiwan’s population. They compared mortality 
rates across AF patients who were receiving a single 
atrioventricular (AV) nodal blocking agent — 43,879 
on beta-blockers (BBs), 18,466 taking calcium 
channel blockers (CCBs), and 38,898 receiving 
digoxin — with a 168,678 patient reference group 
who were not taking any rate control agents. Patients 
with combinations of AV nodal agents were excluded 
from the study. Propensity matching was performed 
to try to minimize confounding.

The mean age of patients was 70 ± 13 years and 56% 
were male. There were significant differences between 
groups with regard to age, sex, comorbidities, 
medications, degree of urbanization, and income 
level. Significantly more patients receiving digoxin 
had heart failure and there were fewer receiving 
antiarrhythmic medications in that group. Over 
a follow-up of 4.9 ± 3.7 years, about one-third 
of patients died. After adjustment for baseline 
characteristics, there were significant differences 
in mortality, with those receiving BBs having a 
24% lower risk of death compared to no agent, 
those on CCBs having a 7% lower risk, and those 
taking digoxin displaying a 12% excess risk of 
mortality compared to those on no rate control 
agent. There appeared to be a dose effect, as risks 
were proportional to percentage of time using the 
drug; those receiving BBs more frequently had a 
lower mortality risk than those with less frequent 
usage, and the highest mortality was observed among 
those with the highest usage of digoxin. Propensity 
matching did not change results substantively. The 
authors concluded that AF patients receiving BBs 

or CCBs had lower risk of mortality compared to 
those not taking rate-control drugs, with the lowest 
mortality rate in the BB group, while digoxin use was 
associated with a higher risk of mortality.

n COMMENTARY
The biggest limitation of this study is obviously 
its observational, non-randomized nature. As 
mentioned, the groups differed in multiple ways at 
baseline and very possibly these differences, which 
may have impacted the selection of rate control 
agents, played a much larger role than the agents 
themselves in the mortality differences observed. 
The authors attempted to control for this with the 
propensity analysis, which aims to account for 
the differences among participants that determine 
which treatment they receive, thereby making the 
groups more comparable. The similar findings after 
performing propensity matching are somewhat 
reassuring. Perhaps more convincing is the dose effect 
observed. If it were aspects of their heart failure 
that were poorly adjusted for in the analysis that 
made patients who happened to be receiving digoxin 
perform worse, why was there such a good match 
between digoxin exposure and severity of outcome? 
Was it really all mediated by an aspect of heart 
failure that both made more digoxin exposure more 
likely and the patient more likely to die sooner, or 
perhaps did the digoxin have something to do with 
it?

Additional limitations of this study include the 
absence of data on left ventricular ejection fractions, 
which could have helped adjust for heart failure 
differences more granularly, as well as data on 
type of AF  — paroxysmal or persistent — which 
also could have impacted outcomes. The dosages 
of the rate control agents were not provided. 
Were higher doses of BBs needed to achieve the 
positive outcomes observed? Most notably, there 
was no indication of how well these agents did at 
controlling heart rates in the study population; it 
certainly would have been interesting to see how 
differences in heart rate might have related to 
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(or perhaps mediated) the mortality associations 
observed. 

There is biologic plausibility for this study’s findings. 
BBs were the most efficacious agent at heart rate 
lowering in AF patients in the large AFFIRM 
trial, and have many pleiotropic effects that could 
positively impact life expectancy. Another study, 
RATAF, sought to compare the heart rate control 
attained by various AV nodal blocking agents, and 

found diltiazem to be the most effective, giving 
support to the idea of CCBs’ mortality impact via 
good heart rate control. Other studies have been 
quite mixed with regard to the potential harm or lack 
thereof in digoxin use for patients with AF. Clearly, 
a randomized trial would be most helpful. In its 
absence, I would still individualize treatment choice 
based on a patient’s comorbidities, tolerances, and 
other factors. In the absence of other indications for 
digoxin, I would avoid it for AF rate control.  n

ABSTRACT & COMMENTARY

Finally, a Positive Outcomes Study 
for Platelet Function Testing
By Jeffrey Zimmet, MD, PhD

Associate Professor of Medicine, University of California, San Francisco; Director, Cardiac Catheterization Laboratory, 
San Francisco VA Medical Center

Dr. Zimmet reports no financial relationships relevant to this field of study.

SOURCE: Valenti R, et al. Prasugrel in clopidogrel nonresponders undergoing percutaneous coronary intervention: The RECLOSE 
(REsponsiveness to CLOpidogrel and StEnt Thrombosis) 3 Study. JACC Cardiovasc Interv 2015 Sept 9. pii:S1936-8798(15)01138-3.

For years, clopidogrel has been the mainstay of 
dual antiplatelet therapy following coronary stent 

implantation. Clopidogrel is a prodrug, however, 
and its conversion to the active drug is highly 
variable across patient populations. We have known 
for some time that patients who respond poorly to 
clopidogrel have higher event rates post-myocardial 
infarction and post stent. Despite this observation, 
as well as the ready availability of tests to determine 
which patients have high residual platelet reactivity 
on clopidogrel, no trial to date has been able to 
demonstrate a positive effect of platelet function 
testing-guided therapy on clinical outcomes. The 
recent availability of more potent antiplatelet agents, 
including prasugrel and ticagrelor, has improved the 
ability to treat clopidogrel nonresponders effectively.

Enter the RECLOSE-3 trial. In this study, Valenti et 
al screened 1550 patients undergoing percutaneous 
coronary intervention (PCI) with light transmittance 
aggregometry, of whom 302 were deemed to 
be clopidogrel nonresponders. This subset was 
subsequently switched to prasugrel 10 mg, after 
which all but 26 patients had a markedly improved 
antiplatelet response. The primary endpoint was a 
composite of cardiac death, myocardial infarction, 
urgent coronary revascularization, and stroke at 
2-year follow-up. Stent thrombosis and the individual 
components of the composite were followed as 
secondary endpoints. Outcomes for patients from 

RECLOSE-3 were compared with those from the 
earlier RECLOSE 2-ACS trial, which had a similar 
design but included only acute coronary syndrome 
patients, and switched clopidogrel nonrespondeers 
to either high-dose clopidogrel or to ticlopidine 
(which are less effective than prasugrel at overcoming 
clopidogrel resistance).

Two-year mortality was lower in the RECLOSE-3 
patients who took prasugrel compared with the 
RECLOSE 2-ACS nonresponders (4% in the 
RECLOSE-3 study vs 9.7% in nonresponders 
of the RECLOSE 2-ACS study, P = 0.007). This 
difference held true even when examining only the 
subset of patients with acute coronary syndromes 
(all of the RECLOSE 2-ACS patients, but only 
42% of the RECLOSE-3 patients). Rates of cardiac 
death and of definite/probable stent thrombosis 
were also significantly lower in the prasugrel-
treated RECLOSE-3 population. While major 
bleeding events were not different, minor bleeding 
was unsurprisingly higher in RECLOSE-3 than in 
RECLOSE 2-ACS nonresponders (5.3% vs 1.2%; 
P = 0.009).

The authors concluded that platelet function testing-
defined clopidogrel nonresponsiveness can be 
overcome by prasugrel treatment, and that this is a 
modifiable risk factor whose treatment can improve 
outcomes.
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n COMMENTARY
Researchers have long known that clopidogrel is 
plagued by a significant number of patients with 
high on-treatment platelet reactivity, and that these 
patients have higher cardiac event rates compared 
with patients having a more robust clopidogrel 
response. Why, then, have previous trials failed to 
show a positive effect of platelet testing on cardiac 
outcomes? For older trials, the answer lies in the 
lack of good options for overcoming clopidogrel 
resistance. The randomized GRAVITAS trial, like 
RECLOSE 2-ACS, used high-dose clopidogrel in 
the treatment arm, and failed to show a treatment 
effect, compared with standard-dose clopidogrel. 
We know from pharmacodynamic studies, however, 
that simply doubling the dose of clopidogrel does not 
effectively overcome resistance in true clopidogrel 
nonresponders. The only large randomized platelet 
function testing trial to use prasugrel in the 
intervention arm was the TRIGGER PCI study, 
which enrolled only low-risk elective PCI patients, 
and had an event rate in both arms that was simply 
too low to show a treatment effect.

RECLOSE-3 was not a randomized trial, but rather 
compared 2-year outcomes in prasugrel-treated 
patients with those from the earlier RECLOSE 
2-ACS trial in which clopidogrel nonresponders were 

treated with less-effective therapy. The potential 
problems with this approach are obvious and 
are acknowledged by the authors. Nonetheless, 
the outcome difference appears both robust and 
plausible. Concluding that clopidogrel resistance can 
be effectively overcome by switching to the more-
potent drug seems quite reasonable.

Should we, then, invest in platelet function testing 
for all of our PCI patients? This is one interpretation 
of the data, but I believe most would say no. We 
already know that unselected ACS patients have 
lower event rates when treated with the more 
potent antiplatelet agents (prasugrel and ticagrelor, 
studied in the TRITON and PLATO trials, 
respectively) as compared with clopidogrel. Why 
not simply recommend, like the European Society of 
Cardiology, that the more-potent agents be preferred 
over clopidogrel in ACS? Platelet testing could 
alternatively be invoked in order to identify those 
higher-risk patients who respond well to clopidogrel, 
and could therefore be maintained on the less-
expensive drug. We already know from TRIGGER 
and other studies that lower-risk elective PCI patients 
do well on clopidogrel, even among the so-called 
clopidogrel nonresponders. So in the end, while 
RECLOSE-3 is an important milestone, it is unlikely 
to change practice substantially.  n

ABSTRACT & COMMENTARY

Blood Pressure Targets in Flux Again
By Michael Crawford, MD, Editor

SOURCE: Press release from the National Institutes of Health (NIH). Landmark NIH study shows intensive blood pressure management 
may save lives. Available at http://www.nih.gov/news/health/sep2015/nhlbi-11.htm. Accessed on Sept. 11, 2015.

The Systolic Blood Pressure Intervention Trial 
(SPRINT) study compared pharmacologic 

systolic blood pressure lowering to < 120 vs 120-140 
mmHg in more than 9300 subjects > 50 years of age 
with hypertension and at least one additional risk 
factor for heart disease or who have kidney disease.

The study population was diverse and included 
women, racial/ethnic minorities, and the elderly. The 
study excluded patients with diabetes, prior stroke, 
or polycystic kidney disease. The trial, which began 
in 2009, ended early due to the significant results 
that showed achieving a systolic blood pressure < 
120 mmHg was associated with reduced rates of 
cardiovascular events, such as myocardial infarction, 
heart failure, and stroke, by almost one-third and the 
risk of death by almost one-quarter, as compared to 
the target systolic pressure of 120-140 mmHg. 

The 120-140 group needed an average of two drugs 
to achieve this goal and the < 120 group required an 
average of three drugs. Lawrence Fine, MD, chief, 
Clinical Applications and Prevention Branch at the 
National Heart, Lung, and Blood Institute concluded 
on behalf of the investigators that, “Our results 
provide important evidence that treating blood 
pressure to a lower goal in older or high-risk patients 
can be beneficial and yield better health results 
overall.”

n COMMENTARY
At the time the trial began, the systolic blood 
pressure targets were < 140 mmHg for otherwise 
healthy adults and < 130 mmHg for those with 
diabetes or kidney disease. Also, when this study 
began, the results of the Hypertension in the Very 
Elderly (HYVET) trial had been released. This 
trial of patients > 80 years of age also ended early 
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because of the significant 21% reduction in all-
cause mortality, 30% reduction in stroke, 64% 
reduction in heart failure, and 34% reduction 
in all cardiovascular events, when systolic blood 
pressure was treated to a goal of < 150/80 mmHg 
using a thiazide diuretic with the addition of an 
ACE inhibitor when necessary.1 A meta-analysis 
of all the trials by Bangalore et al showed that 
reducing systolic blood pressure below 130 may be 
beneficial in stroke and kidney disease prevention, 
but not other cardiovascular endpoints.2 Hence, the 
various guidelines published subsequently have not 
recommended aggressive systolic blood pressure 
lowering (< 120). Thus, this trial could be a game 
changer if the results are robust. 

Unfortunately, at this time we only have the press 
release, as the trial has not been published in a peer-
reviewed journal yet. Also, researchers provided 
no upper age cut off, so we don’t know how many 
were > 80 years of age and what their results were. 
Additionally, we don’t know what the complications 
of lowering systolic blood pressure to < 120 were 
in these high-risk patients. It is well known that 
excessively low blood pressure can precipitate strokes 
or myocardial infarctions in some patients with 
extensive atherosclerosis. Perhaps that is why Dr. 
Fine provided this caveat: “But patients should talk 
to their doctor to determine whether this lower goal 
is best for their individual care.” Indeed.  n
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1.  A large observational population study of 
patients with atrial fibrillation showed that 
which of the following was associated with 
higher mortality?

a. Digoxin

b. Beta-blockers

c. Rate-lowering calcium blockers

d. No rate lowering drug use

2.  When clopidogrel non-responders by platelet 
aggregometry were switched to prasugrel in a 
recent post-PCI trial, compared to those who 
received double-dose clopidogrel or ticlopidine 
in a prior trial, which of the following was 
observed?

a. More major bleeding

b. More minor bleeding

c. Higher total mortality

d. Higher cardiac mortality

3.  A secondary analysis of a recent trial of beta-
blockers for heart failure with reduced ejection 
fraction showed that adjusted mortality and 
re-hospitalization were least when:

a. beta-blockers were titrated to heart rates < 
70 bpm.

b. high doses of beta-blockers were used.

c. when heart rates < 55 bpm were avoided.

d. vasodilator beta-blockers were used.

4.  CT scans of recently implanted bioprosthetic 
valves has shown:

a. commissural edge thickening.

b. Lambl’s excrescences. 

c. sinus of Valsalva thrombi.

d. all of the above.

5.  A recent press release from the SPRINT 
announced that systolic blood pressure goals 
for all apparently healthy individuals > age 50 
should be?

a. < 150 mmHg

b. < 140 mmHg

c. < 130 mmHg

d. < 120 mmHg


