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ABSTRACT & COMMENTARY

Requiem for Beta-blockers  
Post-Myocardial Infarction?
By Michael H. Crawford, MD, Editor
SYNOPSIS: A propensity score analysis of all hospital survivors of acute myocardial infarction in the United Kingdom from 2007-2013 
showed that one-year survival in hospital patients without heart failure or left ventricular dysfunction treated with beta-blockers did not 
differ from survival in those patients not so treated.

SOURCES: Dondo TB, Hall M, West RM, et al. Beta-blockers and mortality after acute myocardial infarction in patients without heart 
failure or ventricular dysfunction. J Am Coll Cardiol 2017;69:2710-2720.

Ibáñez B, Raposeiras-Roubin S, García-Ruiz JM. The swing of beta-blockers: Time for a system reboot. J Am Coll Cardiol 2017;69: 
2721-2724.

Controversy exists regarding the benefits 
of routine beta-blockers post-myocardial 
infarction (MI) in patients without heart 

failure or reduced left ventricular ejection fraction 
(LVEF) in the modern reperfusion era. Thus, 
investigators used the United Kingdom national 
heart attack register to determine their effect on 
one-year mortality for survivors of acute MI who 
were hospitalized and did not have LV systolic 
dysfunction (LVEF < 30%) or heart failure. This 
analysis involved 531,282 patients admitted to 
one of 247 hospitals between 2007 and 2013. 
After excluding those > 100 years of age, hospital 
deaths, those with prior MI, percutaneous coronary 
intervention, or coronary artery bypass grafting, 

heart failure, and those on a beta-blocker or loop 
diuretics, 179,810 remained. A propensity score 
analysis using a 24-variable model was used to 
adjust for potential confounders. Of the 91,895 
with an ST segment elevation myocardial infarction 
(STEMI) and 87,915 with a non-STEMI, 95% were 
treated with beta-blockers. Patients given beta-
blockers tended to be younger men, and those not 
receiving them more often were diabetic, asthmatic, 
or had chronic renal and cerebrovascular disease. 
In the total population during a maximum one-
year follow-up, the mortality rate was 5%. This 
unadjusted rate was lower in those who received 
beta-blockers compared to those that did not (5% 
vs. 11%; P < 0.001). After propensity weighting 
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and adjustment, there was no mortality 
difference between those on beta-blockers 
and those not at one month, six months, 
and one year. Also, this result was 
the same for STEMI and non-STEMI 
patients. The authors concluded that 
among hospital survivors of acute MI 
without heart failure or LVEF < 30%, 
one-year mortality was not different for 
those on beta-blockers vs. those who were 
not.

n COMMENTARY
When the Beta-Blocker Heart Attack 
Trial (BHAT) first was published in 
1982, I remember noting that in the 
subgroup analyses, the mortality benefit 
was strongest in those with evident heart 
failure on admission or a large anterior 
MI. Of course, subgroup analyses are 
not always accurate, and beta-blockers 
post-MI, supported by other studies, went 
on to be universally recommended. This 
even became a Medicare quality measure, 
but it was retired a few years ago when 
data emerged noting that the universal 
use of beta-blockers post-MI increased 
the risk of cardiogenic shock. Thus, over 
the years, we have chipped away at the 
recommendation, holding beta-blockers if 
the patient was bradycardic, hypotensive, 
or in acute heart failure.  

The problem with BHAT and other 
similar randomized, controlled trials con-
ducted in the 1980s is that they were con-
ducted before we had available reperfu-
sion therapy, statins, angiotensin-altering 
drugs, or antithrombotics other than aspi-
rin. New trials in the current therapeutic 
milieu have not been performed, but we 
know that today there is less heart failure, 
reduced ejection fraction, and ventricular 
arrhythmias post-MI compared to the 
1980s. Recent smaller observational stud-
ies have failed to demonstrate a survival 
benefit of routine beta-blocker use post-
MI. This has occasioned the European 
Society of Cardiology guidelines to reduce 
this recommendation to class IIa. The 
American guidelines still list it as a class I 
recommendation.

This study from the United Kingdom was 
very large, involved current therapy at 
high levels, and used an unbiased source 
(all MIs). It demonstrated in propensity-

matched patients that there is no differ-
ence in survival at any time over one year 
post-hospital discharge in all post-MI 
patients without heart failure or LVEF 
< 30% who received beta-blockers vs. 
those who did not. Despite the strengths 
of this study, there are weaknesses beyond 
the issue of residual conforming in any 
observational study. Since only hospital 
survivors were studied, the study did 
not address the acute in-hospital use of 
beta-blockers. Because of the potential for 
inducing cardiogenic shock, the American 
guideline no longer recommends routine 
acute intravenous beta-blockers. Also, 
heart failure and LVEF only were deter-
mined in the hospital, and we don’t know 
if beta-blockers were prescribed later. 
Additionally, we have no information on 
adherence to therapy or drug doses post 
discharge. Another issue brought up by 
the editorialists from Spain is that the 
LVEF exclusion of < 30% is lower than 
the < 40% used in most other studies. It 
could be that patients with EFs between 
30% and 40-45% could benefit from 
beta-blockers. Thus, they suggested that 
a randomized trial be conducted using an 
LVEF cutoff of 40%.

The authors emphasized that recom-
mending pharmacologic therapy that 
is not beneficial risks adverse effects, 
increases costs, and reduces the likeli-
hood that patients will be compliant with 
other more effective medications. They 
suggested that the American guidelines 
should be rewritten. The editorialists, on 
the other hand, recommended “extreme 
caution” in enacting such a recommenda-
tion until a randomized trial is performed. 
Clearly, beta-blockers are indicated for 
selected patients in the hospital with acute 
MI, such as those with arrhythmias and 
hypertension, but should be given intra-
venously infrequently. At discharge, those 
with evidence of heart failure or a low EF 
will benefit from beta-blockers if there 
are no contraindications. The controversy 
surrounds those without heart failure, 
with preserved EF, normal blood pres-
sure, and no arrhythmias. The European 
guidelines, supported by this paper, would 
say no. The U.S. guidelines would say 
yes. Since this is no longer a performance 
measure for Medicare, we are free to use 
our own judgment.  n
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ABSTRACT & COMMENTARY

Prevention of Myocardial Infarction  
in Atrial Fibrillation Patients
By Michael H. Crawford, MD, Editor
SYNOPSIS: A large observational study showed that the primary prevention of myocardial infarction and stroke in patients with atrial fibril-
lation is better with vitamin K antagonists alone as compared to aspirin alone and dual therapy.

SOURCES: Lee CJ, Pallisgaard JL, Olesen JB, et al. Antithrombotic therapy and first myocardial infarction in patients with atrial fibrillation.  
J Am Coll Cardiol 2017;69:2901-2909.

Halperin JL. Preventing myocardial infarction in patients with atrial fibrillation: Another piece of the puzzle. J Am Coll Cardiol 2017;69: 
2910-2912.

Although thromboprophylaxis is the preferred  
 treatment for the prevention of stroke in atrial 

fibrillation (AF) patients, the ideal treatment to 
prevent myocardial infarction (MI) in AF patients 
is unclear despite the increased risk of MI in AF 
patients. Thus, investigators from Denmark assessed 
their national database to determine the incidence of 
first MI in AF patients treated with different anti-
thrombic regimens, and estimated the risk of stroke 
and bleeding. All adult Danes hospitalized for first 
episode of AF without a history of coronary artery 
disease (CAD) between 1997 and 2012 were con-
sidered, and only those taking aspirin or vitamin 
K antagonists (VKA) were included. Also excluded 
were those > 100 years of age, with prior stroke, 
ablation, cardioversion, vascular disease, or clopi-
dogrel prior therapy. The primary outcome was first 
MI. Secondary outcomes included stroke and bleed-
ing requiring hospitalization. Of the 175,118 patients 
meeting the primary criteria for the study, 103,159 
(59%) were excluded for the reasons stated above. 
The study cohort consisted of 71,959 patients; of 
them, 37,539 were treated with VKA, 25,458 with 
aspirin, and 8,962 with both. The aspirin mono-
therapy group was older, more often female, and had 
higher stroke in risk scores. The dual therapy group 
had more heart failure, hypertension, and diabetes. 
During a median follow-up of four years, 2,275 had 
an MI (3%). Compared to VKA alone, the risk of MI 
was higher in the aspirin-alone group (hazard ratio 
[HR], 1.54; 95% confidence interval [CI], 1.40-1.68) 
and the dual therapy group (HR, 1.22; 95% CI, 
1.06-1.40). Also, 8% developed stroke and 8% de-
veloped bleeding requiring hospitalization. The risk 
of stroke was greatest with aspirin alone (HR, 3.21; 
95% CI, 3.10-3.32) and was also higher compared 
to VKA alone in the dual therapy group (HR, 1.3; 
95% CI, 1.18-1.43). Dual therapy had the greatest 
risk of bleeding (HR, 4.52; 95% CI, 4.28-4.78). The 
authors concluded that in patients with AF, VKA 
therapy alone was associated with a lower risk of MI 

and stroke than aspirin alone. Dual therapy did not 
reduce the risk of MI, but increased bleeding risk.

n COMMENTARY
Patients with AF often have risk factors for ath-
erosclerosis and are at higher risk for MI. In this 
observational study of AF patients over four years, 
3% experienced MI, 8% suffered strokes, and 8% 
demonstrated major bleeding events. Preventing 
stroke is important, but the primary prevention 
of MI also is a consideration, since the rate of MI 
among AF patients is about twice that of non-AF pa-
tients. Consequently, there is a potential rationale for 
adding low-dose aspirin to oral anticoagulants in AF 
patients without known atherosclerosis. In this study, 
that approach did not reduce first MI rates compared 
to a VKA alone, but did increase major bleeding. 
In fact, aspirin monotherapy was inferior to VKA 
alone for preventing MIs and stroke in this study. 
Other smaller studies have shown similar results. In 
the Atrial fibrillation Clopidogrel Trial with Irbesar-
tan for prevention of Vascular Events (ACTIVE W), 
aspirin plus clopidogrel was less effective than VKA 
alone.

Why these results? Recent studies have questioned 
the benefit of aspirin for the primary prevention of 
MI compared to the risk of bleeding. Perhaps aspirin 
is inadequate in the prevention of MI? On the other 
hand, this was an observational study, and perhaps 
the dual therapy group may have included high-risk 
patients. The group did feature more hypertension, 
heart failure, and diabetes patients. Even more inter-
esting is the concept that in AF patients, MIs may be 
more likely caused by thromboembolism rather than 
plaque rupture, but there are little data to support 
this theory. 

There are limitations to this study. Residual con-
founding cannot be excluded since this large database 
study lacked detailed clinical information such as 
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the international normalized ratio on VKA therapy, 
blood pressure, or body mass index. Also, adher-
ence to the drug therapy is unknown. Although in 
Denmark, other studies have shown this is quite 
high. Additionally, aspirin can be obtained without 
a prescription in Denmark, and we do not know if it 
was taken without their physician’s knowledge.

Today, many patients with AF take direct-acting oral 
anticoagulants (DOACs), which were not included in 
this study. However, in the studies comparing VKA to 
DOACs, the observed MI rates were the same. So, it 
was very reasonable to assume that the results would 
be similar with the DOACs. There are more data on 
patients with known vascular disease. It has been 

known for a long time that VKAs are effective as 
secondary prevention post-MI. So the results of this 
study are not completely surprising. Many investiga-
tors have studied post-coronary stenting patients and 
shown that if they have AF, VKA plus clopidogrel 
is safer as compared to triple therapy or VKA plus 
aspirin.

It appears that one should not add aspirin to antico-
agulant therapy in patients with AF but no evidence 
of vascular disease. In post-coronary stenting pa-
tients, oral anticoagulants plus clopidogrel or other 
P2Y12 inhibitors are best. The real issue remaining 
concerns chronic stable coronary artery disease pa-
tients with AF.  n

ABSTRACT & COMMENTARY

Early Diuretic Administration Associated  
with Improved Survival in Acute Heart  
Failure Patients
By Van Selby, MD
Assistant Professor of Medicine, University of California, San Francisco Cardiology Division, Advanced Heart  
Failure Section

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

SYNOPSIS: Among patients presenting to the ED with acute heart failure, those who received the first dose of intravenous furosemide 
within 60 minutes of arrival demonstrated lower in-hospital mortality compared to those receiving the first dose after 60 minutes.

SOURCE: Matsue Y, Damman K, Voors AA, et al. Time-to-furosemide treatment and mortality in patients hospitalized with acute heart 
failure. J Am Coll Cardiol 2017;69:3042-3051.

Acute heart failure (AHF) is a common reason for  
 ED visits and hospitalizations. Clinical practice 

guidelines emphasize the importance of early diagnosis 
and treatment of patients presenting with AHF. How-
ever, no prospective study has demonstrated that prompt 
treatment is associated with improved patient outcomes.

To evaluate the relationship between time to treatment 
and outcome in AHF, the authors of the Registry Focused 
on Very Early Presentation and Treatment in Emergency 
Department of Acute Heart Failure (REALITY-AHF) 
trial enrolled patients presenting to one of 20 EDs in 
Japan for AHF who received IV furosemide within 24 
hours of arrival. The primary metric of early care, the 
door-to-furosemide (D2F) time, was defined as the time 
from patient arrival to the ED to the first administration 
of IV furosemide. Patients who received the first dose 
of IV furosemide within 60 minutes were defined as the 
early treatment group, and those receiving the first dose 
after 60 minutes of arrival were defined as the non-early 
treatment group. The primary outcome was in-hospital 

mortality. The final cohort included 1,291 AHF patients. 
Median D2F was 90 minutes (interquartile range, 36-186 
minutes), and 37.3% of patients met criteria for early 
treatment. Patients in the early treatment group were 
more congested, more likely to arrive by ambulance, and 
less likely to have a prior diagnosis of heart failure. Pa-
tients in the early treatment group had significantly lower 
in-hospital mortality compared to the non-early group 
(2.3% vs. 6.0%; P = 0.00). In multivariate analyses, 
early treatment was associated strongly with lower in-
hospital mortality (odds ratio, 0.39; P = 0.006). Patients 
were stratified per baseline risk for adverse outcomes 
according to a risk prediction model. The association 
between D2F and mortality was observed regardless of 
the patient’s baseline risk. The relationship between D2F 
and mortality was non-linear. Delaying D2F was associ-
ated with a steep increase in the risk of mortality over 
the first 100 minutes, but after that, the effect leveled off. 
The authors concluded that early treatment with IV loop 
diuretics is associated with lower in-hospital mortality 
among patients presenting to the ED with AHF.
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n COMMENTARY
Despite great efforts over the past decades, no novel 
treatment has been proved to meaningfully improve out-
comes in patients with AHF. Therefore, providers must 
do the best they can using the available treatments, with 
IV loop diuretics as the primary therapy. Several retro-
spective studies have suggested a benefit associated with 
prompt initiation of treatment (vasodilators or diuretics), 
but none have prospectively studied the association be-
tween early administration of IV diuretics and outcomes.

Matsue et al demonstrated a clear association between 
early administration of IV furosemide and reduced in-
hospital mortality in patients with AHF. This finding is 
not entirely surprising. Recent studies have shown that 
myocardial and end-organ damage begins early in AHF 
and progresses over time. Treating congestion earlier may 
minimize the damage, and recent studies have shown 
that AHF patients with decreased markers of congestion, 
myocardial injury, and end-organ damage demonstrate 
decreased mortality compared to those with ongoing 
evidence of organ dysfunction. Interestingly, the observed 
relationship between D2F and mortality was non-linear. 
Beyond 100 minutes, further increases in D2F did not 
increase mortality. If the benefits of early diuretic admin-
istration are primarily because of halting the process of 
ongoing myocardial and end-organ dysfunction, then it 
is difficult to explain why the benefits of early D2F end 
at 100 minutes. Alternatively, it is possible that patients 

who were treated quickly were those in whom the 
diagnosis was obvious at the time of ED arrival. This fits 
with the finding that patients with early D2F were more 
likely to exhibit classic symptoms of congestion, includ-
ing jugular venous distention and orthopnea. Diagnosing 
AHF in a patient presenting with dyspnea can be chal-
lenging when classic findings are absent. Multiple studies 
have shown that diagnostic delays are associated with 
longer time to medication administration, prolonged 
hospitalization, and even increased mortality.

Will D2F become a quality of care measure similar to the 
door-to-balloon time for ST-segment elevation myocar-
dial infarction? Not based on the results of this study 
alone. The findings will need to be replicated in larger, 
more diverse cohorts, and the optimal D2F needs to 
be identified. It also will be important to further clarify 
whether it is in fact D2F, and not the delay in diagnosis, 
that leads to worse outcomes. For now, it seems reason-
able for clinicians treating AHF patients to strive for both 
earlier diagnosis and initiation of IV diuretic therapy in 
patients presenting to the ED with possible AHF. This 
may include increased use of serum B-type natriuretic 
peptide measurement or other tests to promptly diagnose 
AHF and prompt initiation of IV diuretics once AHF is 
determined to be the most likely diagnosis. Until new 
therapies are identified to improve outcomes in AHF, we 
must use the tools we have as effectively as possible.  n

ABSTRACT & COMMENTARY

Alcohol Septal Ablation in Younger HCM  
Patients: Should We Relax Guidelines?
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.

SYNOPSIS: Current guidelines recommend surgical myectomy over septal ablation for younger hypertrophic cardiomyopathy patients. A 
new study bridges part of the data gap, showing safety and efficacy of the procedure in young patients.

SOURCE: Liebregts M, Faber L, Jensen MK, et al. Outcomes of alcohol septal ablation in younger patients with obstructive hypertrophic 
cardiomyopathy. JACC Cardiovasc Interv 2017;10:1134-1143.

For symptomatic patients with hypertrophic 
cardiomyopathy (HCM) who exhibit significant 

left ventricular outflow tract gradients despite medical 
therapy (negatively inotropic therapy with beta-blockers, 
non-dihydropyridine calcium channel blockers, and 
disopyramide), septal reduction therapy may be 
considered for symptom relief. Traditionally, this has 
meant surgical myectomy, which has demonstrated 
long-term safety and efficacy, at least in the hands of 

a few high-volume specialty centers. Alcohol septal 
ablation was developed as a percutaneous alternative 
to myectomy, and has grown markedly in use since its 
initial introduction in 1995. Although data supporting 
the longer-term safety of this procedure have been 
accumulating, data regarding septal ablation in younger 
patients have been relatively lacking. For this reason, 
guidelines have discouraged its use in younger patients 
for whom the more-established surgical procedure is an 
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option. The most recent American College of Cardiology/
American Heart Association guidelines give a class III 
harm designation to this subgroup, stating “alcohol 
septal ablation should not be done in patients with HCM 
who are < 21 years of age and is discouraged in adults 
< 40 years of age if myectomy is a viable option.” The 
European Society of Cardiology guidelines, while more 
permissive, nonetheless address the controversy over 
these patients by noting that “there are no long-term data 
on the late effects of a myocardial scar in these groups.”

Liebregts et al reported outcomes from an observational 
study of consecutive patients with HCM who under-
went septal ablation at seven centers in four European 
countries. With 1,197 patients included, this is the largest 
cohort of septal ablation patients reported to date. All 
patients met established morphologic criteria for the pro-
cedure, and the majority had persistent New York Heart 
Association (NYHA) functional class III or IV dyspnea. 
For the purposes of this report, patients were divided into 
three age groups: young (< 50 years), middle-age (51-64 
years), and older (> 65 years). The young group included 
369 patients, which is a respectable number in this area. 
Compared with older patients, the younger patients were 
less likely to be in functional class III or IV, but more 
exhibited at least two conventional risk factors for sud-
den cardiac death. Septal thickness also was slightly, but 
statistically significantly, greater in the youngest group 
compared with the other two groups, which matches a 
previously reported inverse relationship in patients un-
dergoing alcohol septal ablation between age and septal 
thickness. Compared with older patients, the youngest 
patients demonstrated overall better markers of peripro-
cedural safety, with lower rates of periprocedural death 
(0.3% vs. 2%; P = 0.03), pericardial tamponade (0.3 
vs. 3%; P < 0.01), and heart block requiring permanent 
pacemaker implantation (8% vs. 16%; P < 0.001). For 
longer-term outcomes, follow-up averaged a respectable 
5.4 years for the entire study group, and was completed 
for more than 99% of patients. Overall, survival was 
very good, with one-, five-, and 10-year survival rates 
of patients in the youngest group reported to be 99%, 
95%, and 91%, compared with 100%, 99%, and 97%, 
respectively, in the age- and sex-matched controls. Seri-
ous adverse arrhythmic events were similar among the 
age groups, occurring at rates of fewer than 1% per year.  
Despite the noted higher septal thickness in younger 
patients, functional outcomes were quite good: At last 
follow up, 95% of the young patients were in NYHA 
functional class I or II, compared with 81% of the older 
patients (P < 0.001).

Patients < 35 years of age were termed “very young” and 
were reported in a separate analysis in addition to their 
inclusion in the young group. Among these 82 patients, 
there were no periprocedural mortalities, and the rate of 
new permanent pacemaker implant was 5%. Functional 

class improvement was good, and all-cause mortality was 
low (0.3% per year). In this large observational cohort 
study of alcohol septal ablation patients, these authors 
reported that patients < 50 years of age who underwent 
this procedure demonstrated favorable long-term sur-
vival, effective symptom alleviation, and acceptably low 
rates of arrhythmic events. Periprocedural complications, 
including need for pacemaker implantation, were signifi-
cantly lower in the young compared to the older groups. 
The authors concluded that the recognized indications 
for alcohol septal ablation may be safely broadened for 
younger patients.

n COMMENTARY
This is the largest reported study of alcohol septal abla-
tion outcomes involving younger patients. Although 
comparative data between myectomy and septal ablation 
still are lacking, the results of this study are reassuring in 
terms of both the safety and efficacy of this procedure in 
such patients. But will it be enough, as the authors and 
the accompanying editorial suggested, to change pub-
lished guidelines?

The answer is a matter of perspective. The excellent 
surgical myectomy outcomes data on which current 
guidelines favoring myectomy are based come primarily 
from a handful of high-volume centers of excellence that 
treat large numbers of such patients. Real-world data are 
not nearly as clear-cut. A recent study showed that large 
numbers of centers in the United States perform very low 
volumes of myectomy (the median was approximately 
one case per year), and that procedural outcomes are de-
monstrably worse in these centers.1 In fact, the low-vol-
ume tertile in that paper demonstrated approximately a 
four-fold increase in mortality compared with the higher-
volume centers. The same study did not demonstrate a 
similar volume-outcome relationship for the less-invasive 
septal ablation procedure.

Some have argued that the take-home point from these 
studies should be to refer all HCM patients requiring sep-
tal reduction to regional specialized centers. The reality is 
that high-volume centers are not available in many areas, 
and patients continue to be treated locally. All patients 
considered for septal reduction therapy should continue 
to be discussed by multidisciplinary teams, which now 
have better data regarding the outcomes of septal abla-
tion in younger patients. Ablation undoubtedly will be 
offered to increasing numbers of younger patients, but 
time will tell whether guideline writers will agree with 
this trend.  n

REFERENCE
1. Kim LK, Swaminathan RV, Looser P, et al. Hospital volume 

outcomes after septal myectomy and alcohol septal ablation 
for treatment of obstructive hypertrophic cardiomyopathy: 
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ABSTRACT & COMMENTARY

Going Wireless: Combining  
the Subcutaneous ICD  
with a Leadless Pacemaker
By Joshua D. Moss, MD
Associate Professor of Clinical Medicine, Cardiac Electrophysiology, Division of Cardiology, University of California,  
San Francisco

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

SYNOPSIS: A system incorporating an entirely subcutaneous implantable cardioverter defibrillator that can command a novel leadless anti-
tachycardia pacemaker unidirectionally showed success and promise in an early, short-term animal trial.

SOURCE: Tjong FVY, Brouwer TF, Koop B, et al. Acute and 3-month performance of a communicating leadless antitachycardia pacemaker 
and subcutaneous implantable defibrillator. J Am Coll Cardiol EP 2017. doi: 10.1016/j.jacep.2017.04.002.

In 2012, the FDA approved the subcutaneous implant-
able cardioverter defibrillator (S-ICD) for use in primary 

and secondary prevention of sudden cardiac death, and 
registry follow-up data collected since 2013 have shown 
high implantation success rates with a low incidence of 
short-term complications. With the ICD pulse generator 
implanted subcutaneously along the mid-axillary line and 
a shock coil tunneled along the anterior surface of the 
sternum, no intravascular hardware is required, eliminat-
ing both perioperative and long-term risks associated 
with transvenous endocardial leads.

Other than brief post-shock transthoracic pacing, the 
principal disadvantages of the S-ICD, when compared 
to the more traditional transvenous ICD, is its lack of 
pacing capabilities. Not only does that make the device 
inadequate for patients with any symptomatic brady-
cardia, but it precludes the ability to terminate many 
ventricular arrhythmias with pain-free ventricular over-
drive pacing (antitachycardia pacing, or ATP). The only 
therapy available is a high-energy shock, which is highly 
effective but potentially painful (and perhaps even harm-
ful). More recently, leadless pacemakers (LP) have been 
introduced as an alternative for ventricular pacing, with 
a self-contained capsule-like pacing device implanted 
directly against the endocardium. In this early trial of 40 
animals (eight sheep, five pigs, and 27 dogs), the authors 
combined a novel LP with the S-ICD. The prototype LP 
was implanted in the right ventricle using a percutaneous, 
transfemoral approach, and it had the ability to deliver 
ATP as well as standard pacing. The implanted S-ICD 
had updated firmware to enable conducted communica-
tion directly to the pacemaker, allowing it to command 
ATP delivery. The LP was implanted successfully in 39 of 
40 animals, with satisfactory pacing parameters; one im-
plant attempt was aborted because of prototype catheter 
malfunction. The S-ICD was implanted successfully with-
out cardiac adverse events in all 39 of these animals, and 

attempted communication from the S-ICD to the LP (to 
trigger delivery of ATP) was acutely successful in 99% 
of attempts. LP pacing did not impede the ability of the 
S-ICD to correctly discriminate abnormal heart rhythms.

Pacing parameters remained satisfactory at three months, 
although several animals were excluded from analysis 
because of early LP prototypes without steroid-eluting 
drug on the electrode or prototype programmer software 
coding errors. S-ICD to LP communication was success-
ful in 100% of attempts, with appropriate translation of 
the conducted communication signal into ATP delivery 
by the LP. The authors estimated conservatively that 
1,000 bursts of ATP per year would result in an approxi-
mately a 1.5-week decrease in LP battery longevity, and 
one hour of conductive telemetry per year would result 
in an approximately two-month decrease in LP battery 
longevity. First-in-human trials are planned.

n COMMENTARY
Although still relatively early in its development and 
clinical testing, this combined system holds consider-
able promise. To serve its purpose (and justify the risks 
associated with its implantation and long-term presence), 
any implanted defibrillator at a minimum must be able 
to reliably detect dangerous ventricular arrhythmias and 
reliably terminate those ventricular arrhythmias. Beyond 
that, advances in ICD design and implementation have 
focused on better discriminating life-threatening tachyar-
rhythmias, such as ventricular fibrillation, from more 
acutely benign arrhythmias, such as atrial fibrillation 
with rapid ventricular rates, thereby reducing the need 
for shock therapies in favor of spontaneous arrhythmia 
termination or painless overdrive pacing while improving 
hardware integrity and battery longevity. As the authors 
outlined, this study demonstrated several important 
findings for a planned system that is completely wire-
less: A novel ATP-capable leadless pacemaker could be 
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1.  The safest and most effective primary 
prevention of myocardial infarction in atrial 
fibrillation patients is:

a. aspirin.

b. vitamin K antagonist.

c. both aspirin and vitamin K antagonist.

d. both aspirin and vitamin K antagonist plus 
clopidogrel.

2.  The major challenge for an entirely leadless 
pacemaker and implantable cardioverter 
defibrillator combination is:

a. appropriate shock delivery.

b. reliable pacing.

c. communication between the devices.

d. effective anti-tachycardia pacing.

3.  In post-myocardial infarction hospital 
survivors without heart failure or reduced left 
ventricular function, beta-blockers are not 
useful for:

a. controlling blood pressure.

b. controlling heart rate with atrial 
fibrillation.

c. treating ventricular tachyarrhythmias.

d. reducing one-year mortality.

4.  Patients < 50 years of age treated with alcohol 
septal ablation for symptomatic hypertrophic 
cardiomyopathy compared to older patients 
had lower rates of:

a. procedural death.

b. cardiac tamponade.

c. permanent pacemaker required.

d. All of the above

5.  The relationship between door-to-furosemide 
and hospital mortality in acute heart failure is:

a. linear through 180 minutes.

b. non-linear, plateauing at 100 minutes.

c. exponential, rising rapidly after 60 
minutes.

d. curvilinear more than 90 minutes.

implanted safely and successfully, a standard 
S-ICD with updated firmware could com-
municate reliably with the LP and command 
delivery of ATP, and LP pacing did not impede 
successful rhythm discrimination by the S-
ICD. The modular nature of the system could 
allow for the addition of an LP for a patient 
who already has an S-ICD, and vice versa, as 
clinical requirements dictate.

Clearly, more study will be necessary before 
the system is ready for clinical implementation; 
the safety and efficacy requires longer-term 
demonstration in human subjects. However, it 
may not be long before such a system becomes 
an attractive tool in our armamentarium, as 
the S-ICD component already has proven itself 
to meet those minimum requirements for an 
ICD, and the LP mainly serves to augment its 
safety and efficacy. Reliable sensing and pacing 
from leadless devices also has already been 
demonstrated, so the primary feature requir-

ing further long-term study is communication 
from the S-ICD to the LP to enable coordi-
nated therapy. Conducted communication 
(intrabody device-device electrical communi-
cation using the body tissue as a conductor) 
poses inherent risks: failed communication 
(because of inadequate signal transmission 
or electromagnetic interference) that could 
result in failure to deliver ATP, and perhaps 
more worrisome, miscommunication result-
ing in inadvertent delivery of ATP. The 
authors discussed two common sense safety 
features to minimize the risk of communi-
cation interference between the S-ICD and 
the LP, and rigorous testing will be neces-
sary to ensure reliability.

Ultimately, by addressing the most impor-
tant limitation of the current S-ICD, this 
combined system may offer the potential 
advantages of a leadless device to a much 
broader population of patients.  n


