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Preamble
The year 2016 was characterized by numerous relevant
contributions in cardiac arrhythmias. A selected group
of articles providing information with potential impact in
GDLO\SUDFWLFHKDVEHHQLGHQWL¿HGE\WKHDXWKRUVDQGLV
reported in the present article.

Cardiac arrhythmias and catheter ablation
Supraventricular tachycardia: diagnosis
and treatment
Supraventricular tachycardia (SVT) continues to be a
frequent cause of emergency hospital admission. The
5(9(57 VWXG\ HYDOXDWHG WKH EHVW DQG PRVW HI¿FLHQW
acute treatment strategy for SVT and compared posWXUDOPRGL¿FDWLRQ OHJHOHYDWLRQDQGVXSLQHSRVLWLRQLQJ
applied for 15 sec at the end of 15 sec) with standardized strain Valsalva maneuver (i.e. pressure of 40 mm
Hg sustained for 15 s by forced expiration measured
by aneroid manometer with the target pressure visible
WR WKH WUHDWLQJ WHDP    7KH PRGL¿HG WUHDWPHQW ZDV
IRXQGWRWHUPLQDWH697VLQDVLJQL¿FDQWO\ODUJHUSURSRUtion of patients (43% of 214) than using conventional
maneuvers (17% of 214; P<0.0001). As a consequenFHVLJQL¿FDQWO\OHVVSDWLHQWVLQWKHVWXG\DUPUHTXLUHG
adenosine (50% vs. 69%) or emergency anti-arrhythmic treatment (57% vs. 80%) to terminate the incident
arrhythmia (1) and no differences in time to discharge
IURPKRVSLWDO7KLV¿QGLQJPD\FRQVLGHUDEO\DIIHFWGDily practice and reduce drug-related patient discomfort
at time of emergency treatment in patients with SVT.
The full scope of up-to-date diagnosis and treatment of

SVTs can be reviewed best in 2016 EHRA/ESC consensus document on SVT management (Katritsis et al.,
EHJ 2016 in press).
$WULDOÀEULOODWLRQSDWKRSK\VLRORJ\ULVNV
WUHDWPHQWRSSRUWXQLWLHVDQGWKHQHZ(6&
AF guidelines
7KH LQWHQVH VFLHQWL¿F GLVFXVVLRQ DERXW WKH SDWKRSK\VLRORJ\ RI DWULDO ¿EULOODWLRQ DQG SDUWLFXODUO\ WKH GULYHUV
for AF progression was enriched and stimulated by a
very interesting experimental and clinical study on atrial remodeling (2). It was shown that atrial adipose tisVXH ZKLFK KDV EHHQ SUHYLRXVO\ LGHQWL¿HG DV D VWURQJ
risk factor for AF development, is progressively replaFHGE\¿EURWLFWLVVXHWKDWVHUYHVDVWKHVXEVWUDWHIRU$)
progression (2). These data may further explain the link
between obesity and AF recently described in clinical
studies (3). However, those studies also showed a sigQL¿FDQWUHGXFWLRQRI$)EXUGHQZLWKZHLJKWORVVDQGLWLV
now of particular interest whether or not the reduction
in AF burden may coincide with reversed structural remodelling and vice versa (Figure 1)05,EDVHG¿EURVLV
GHWHFWLRQDQGTXDQWL¿FDWLRQKROGVVRPHSURPLVHWRGRcument the substrate changes over time and may give
further insights into this important aspect of AF pathology in the future (Figure 2) (4). However, various methodological hurdles need to yet be overcome, mainly
due to the thin wall of the atria, and appropriate protocols are indispensable. Rate control is the most frequent treatment options chosen for and by AF patients
world-wide. Data about the best medication to support
rate control therapy by symptom relief and reducing
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FIGURE 1. Different dynamics of scar progression with progressive fibrosis over a time period of 3 years in the years after atrial
fibrillation ablation. Panel (A) depicts a patient with little to no increase in cardiac fibrosis while panel (B) depicts a patient with
massive increase in cardiac fibrosis at 1 year and 3 years (green colour) coinciding with multiple AF recurrences. Reproduced
with permission from Gal and Marrouche (4). This Figure has been reprinted by permission of Oxford University Press on behalf
of the European Society of Cardiology

AF-related risks are limited and somewhat controversial
(5). A recent nationwide study from Taiwan investigated
the long-term effects of beta-blockers, calcium-channel blockers or digitalis given for the rate control in onJRLQJDWULDO¿EULOODWLRQRQPRUWDOLW\  $IWHUDGMXVWPHQW
for baseline differences, the risk of mortality was found
WREHVLJQL¿FDQWO\ORZHULQWKHSDWLHQWVUHFHLYLQJ
beta-blockers and in the 18 466 patients receiving calcium-channel blockers than in a control population of
168 678 patients not receiving any rate-control drug.
On the contrary, patients receiving digoxin had a higher risk of mortality. Especially the effects observed for
beta-blockers are interesting as a recent meta-analysis
RQUDWHFRQWUROPHGLFDWLRQVGLGQRWVKRZVXFKEHQH¿FLDOHIIHFWVIRUEHWDEORFNHUV  7KHVH¿QGLQJVFRQWribute to the ongoing controversy about the impact of
rate-control drugs on the risk of all-cause death in patients with ongoing AF and prompt for the need of future
randomized trials to address this relevant question.
Patients with aortic stenosis often also have pre-existing AF which may be “silent” or develop AF (so-called
“new-onset AF”) early after surgical or transfemoral
aortic valve replacement (TAVI). Indeed, when compared with patients in sinus rhythm, patients with AF

undergoing surgical or TAVI interventions have been
shown to be at higher risk for stroke and bleeding but
also for having a higher total mortality (8). A recent clinical update on this topic pointed out that the incidence
of new-onset AF may be lower with TAVI as compared
with surgical valve replacement (8). However, the optimal treatment strategy of such patients with respect
to rhythm or rate control is still unclear. Particularly the
role of amiodarone both for the peri-procedural prevention of AF and for classical rhythm control as well
as the role of catheter ablation as a rhythm control strategy needs further evaluation in clinical studies and triDOV$QRWKHU¿HOGRIFRQWURYHUV\UHODWHVWRWKHRSWLPDO
anticoagulation regimen especially for TAVI patients:
are AF patients after TAVI eligible for NOAC therapy or
are vitamin K antagonists the better choice? While there are good arguments in favour of NOACs after TAVI
FRQYLQFLQJ GDWD IURP VSHFL¿F DQG ODUJH FOLQLFDO WULDOV
are still lacking to answer this important question (9).
Catheter ablation of paroxysmal AF: burn it down or freeze it? The comparative effect of catheter-based pointby-point radiofrequency ablation and balloon-based
cryo-ablation for the treatment of paroxysmal AF was
unknown and had been intensely debate over years.
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FIGURE 2. MRI-based imaging of atrial wall fibrosis. MRI cross section at the level of the left atrium (left side) and 5-chamber
view (right side). Atrial fibrosis can be detected in various regions of the atrial wall (white spots). Only the left atrial appendage
(LAA) is largely free of scar. This Figure has been reprinted by permission of Oxford University Press on behalf of the European
Society of Cardiology

We now know that both ablation techniques result in the
same rhythm outcome and have similar complication rates (10). In the FIRE AND ICE international, multicentre,
clinical trial 762 patients with paroxysmal AF were randomly assigned to undergo pulmonary vein isolation with
RF-ablation or cryo energy. During 1.5 years of follow-up,
no differences were found between the two groups in the
incidence of post-ablation clinical failure (i.e. recurrenFHRI$)RFFXUUHQFHRIDWULDOÀXWWHURUDWULDOWDFK\FDUGLD
use of anti-arrhythmic drugs, or repeat ablation): 34.6%
in the cryo-balloon arm and 35.9% in the RF arm. The
two techniques also proved similarly safe, with an aggregate incidence of death, cerebrovascular events, or
serious treatment-related adverse events of 10.2% and
12.8%, respectively (P=ns). This relatively high incidence of side effects is in line with previous data of prospectively investigated populations. Quality-of-life assessment post-ablation did not differ between the two study
arms. In a subsequent study, the same authors reported a lower incidence of repeat ablations, direct-current
cardioversions, and all-cause rehospitalization during
follow-up in the cryo-balloon study arm (11). Similarly, a
non-inferiority of cryo-balloon-assisted vs. RF-assisted
ablation was also documented in the Freeze AF study
which randomized 315 patients with paroxysmal AF (12).
The results of these two studies, which are characterized
by a limited adoption in the RF arm of the most recently
introduced technologies, will contribute to establish cryoballoon-assisted ablation as a valuable alternative to
RF-assisted ablation of paroxysmal AF. However, it still
needs to be evaluated whether substrate-based ablation
strategies in patients with paroxysmal AF and low-voltaJHDUHDVPD\DGGEHQH¿WVZLWKUHVSHFWWRUK\WKPRXWFRme after RF-based ablation techniques (13).
,Q SDWLHQWV ZLWK SHUVLVWHQW $) WKH HI¿FDF\ RI FDWKHter-based PVI using RF current was comparatively as-

sessed with that of PVI plus linear ablation and that of
PVI plus complex fractionated atrial electrogram (CFAE)
ablation in the STAR AF II study (14). In the 589 study patients randomly assigned to the three study arms
according to a 1:4:4 randomization ratio, no differences
were found in the proportion of patients who were free
from recurrent AF after 18-month follow-up (59%, 49%,
46%). These results diverge with those reported in a recent meta-analysis (15) on limited series showing a 51%
relative risk reduction in the incidence of recurrent AF in
patients receiving linear ablation in addition to PVI when
compared with patients receiving PVI only. The discreSDQF\RI¿QGLQJVEHWZHHQWKHVHWZRVWXGLHVKLJKOLJKWV
the value of performing randomized studies in order to
YDOLGDWH¿QGLQJVIURPSUHYLRXVVWXGLHVXVLQJOHVVULJRrous methodology. Establishing on a large scale the role
RIDVLPSOHUSURFHGXUHDVWKH¿UVWDEODWLRQVWHSLQSDWLents with persistent AF may have relevant clinical implications with regard to patient safety. New studies are
UHTXLUHGWRFRQ¿UPWKHSUHVHQW¿QGLQJVLQYHVWLJDWHQHZ
ablation designs and identify the best strategy in patiHQWVZLWKSHUVLVWHQW$)ZKRIDLOHGWKH¿UVWRQH
The optimal antiarrhythmic management following abODWLRQDOVRVWLOOUHPDLQVWREHGHWHUPLQHG,QWKH(I¿FDF\
of Antiarrhythmic Drugs Short-Term Use After Catheter
Ablation for Atrial Fibrillation trial, a total of 2038 patients were randomly assigned to antiarrhythmic drug
therapy of control following radiofrequency catheter ablation for paroxysmal, persistent, or long-lasting AF.16
The risk of recurrent atrial tachyarrhythmias was reduced in the antiarrhytmic drug therapy group during the
treatment period of 3 months, however without an effect
on clinical outcomes at later time points.
Does catheter ablation of AF have any effect on stroke
rate and/or mortality? In a recent nationwide Swedish
Patient Register identifying 361 913 patients, Friberg et
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arm (HR=0.92; 95% CI=0.83–1.01, P=0.08). This beQH¿W RFFXUUHG LQ VSLWH RI DQ HYLGHQW LQFUHDVHG ULVN RI
ischemic stroke (HR=1.41; 95% CI=1.19–1.67, P<0.001)
at the lower edoxaban dose, which was not found at
the higher dose (HR=1.00; 95% CI=0.83–1.19, P=0.97).
The fewer total deaths observed with edoxaban were
SUHGRPLQDQWO\GXHWRDVLJQL¿FDQWO\ORZHUUDWHRIIDWDO
bleeding in the edoxaban groups and particularly in the
ORZGRVHJURXS7KHVH¿QGLQJVUDLVHRXUDWWHQWLRQRQ
WKHGHOLFDWHEDODQFHEHWZHHQULVNDQGEHQH¿WDVVRFLDted with administration or oral anticoagulants and shift
the objective of their use from thromboembolic events
to cardiovascular morbidity as a whole. In addition,
further subgroup analyses were able to demonstrate a
FRQVLVWHQWQHWFOLQLFDOHI¿FDF\DQGVDIHW\RIHGR[DEDQ
in other high risk subgroups such as the elderly22 and
patients at increased risk of falls (23), hence establishing the drug as a valuable alternative in our armamentarium for stroke prevention in AF.
A recent randomized controlled study (Ensure AF)
(24) showed that oral edoxaban 60 mg once daily preVHQWHGVLPLODUHI¿FDF\DQGVDIHW\RXWFRPHVDV9.$V
when administered during the peri-procedural phase
RQFDUGLRYHUVLRQRIDWULDO¿EULOODWLRQ,QWKHGD\VIROlowing cardioversion using either an early or delayed
strategy, 1095 patients assigned to edoxaban presented a 0.5% incidence of aggregate stroke, myocardial
infarction, peripheral embolism or cardiovascular death
vs. a 1.0% observed in 1104 patients assigned to VKA
therapy (OR 0.46; 95% CI=0.12–1.43). Similarly low incidences of peri-procedural major bleeding (0.3% and
0.5%) were observed in the two arms (OR 0.61; 95%
CI=0.09–3.13). These results are similar to those recently reported by Cappato et al. in the X-VeRT trial
Stroke prevention
investigating oral rivaroxaban vs. VKA therapy in the
$QLQWHUHVWLQJ¿QGLQJUHIHUUHGWRDVWKH³REHVLW\SDUD- same clinical setting (25). Both trials were not numedox” was recently reported in a sub-analysis from the rous enough to test a non-inferiority hypothesis. HoweARISTOTLE trial (18). Out of 17 913 patients enrolled in YHUWKHKLJKUHSURGXFLELOLW\RISULPDU\HI¿FDF\DQGVDthis study, 7159 were categorized as obese, 6702 over- fety outcomes in the two studies make these NOACs a
weight and 4052 normal. During 1.8 years follow-up, valuable alternative to VKAs in these patients.
higher body masses were associated with a lower After the authorization for market release of three
risk of all-cause mortality (overweight, HR=0.67; 95% of the four novel oral anti-coagulants (NOACs) preCI=0.59–0.78; obese, HR=0.63; 95% CI=0.54–0.74). viously investigated in large phase III trials, a number
6XFK EHQH¿W H[WHQGHG WR WKH ULVN RI VWURNH LQ WKH IH- of post-authorization studies have been published promale (P=0.048), but not in the male gender. No mea- YLGLQJUHDOOLIHHYLGHQFHIRUHI¿FDF\DQGVDIHW\RIWKHsure of adiposity was associated with a different risk of se new drugs. In a previous registry investigating the
EOHHGLQJ$PRQJSRVVLEOHH[SODQDWLRQVIRUWKLV¿QGLQJ UHDOOLIH HI¿FDF\ DQG VDIHW\ RI ULYDUR[DEDQ &DPP HW
are an earlier more rigorous use of co-medications and al. had shown that during about 1-year follow-up, the
OLIHVW\OH PRGL¿FDWLRQ   DQG EHWWHU PHWDEROLF UHVHU- incidences of major bleeding (2.1 per 100 patient-years)
ve (20), which may ultimately affect intermediate-term and stroke events (0.7 per 100 patient-years) were low
prognosis in obese patients.
and superimposable to those observed in Rocket AF
$QRWKHU LQWHUHVWLQJ ¿QGLQJ ZDV REVHUYHG LQ D UHFHQW (26, 27). Most recently, the results from three studies
sub-analysis from the Engage AF-TIMI 48 trial (21). In using claims database as data source were reported
this study, a higher degree of protection from all-cause (28–0). In the REVISIT-US registry (28), a measure of
mortality vs. vitamin K antagonist (VKA) therapy was QHWFOLQLFDOEHQH¿WZDVLQIHUUHGE\WKHDJJUHJDWHHVWLfound in the edoxaban 30 mg arm (HR=0.87; 95% mate of ischemic stroke and intracranial haemorrhage
CI=0.79–0.96, P=0.006) than in the edoxaban 60 mg reported in the investigated populations. Real life treatDO HYDOXDWHG WKH SRVVLEOH LQÀXHQFH RI $) DEODWLRQ RQ
clinical outcome.17 Using propensity score matching,
two cohorts of equal size (2836 patients each) were
extracted of which one had received AF ablation and
one not. The two cohorts presented similar characteristics in 51 dimensions. After adjustment for known
confounders AF ablation was found to be associated
ZLWKDVLJQL¿FDQWO\ORZHULQFLGHQFHRIDOOFDXVHPRUWDlity (HR=0.50; 95% CI=0.37–0.62) and ischemic stroke
(HR=0.69; 95% CI=0.51–0.93). Reduction in the risk of
ischemic stroke by means of AF ablation was most proQRXQFHG LQ VXEJURXSV ZLWK &+$'69$6F VFRUH
(HR=0.39; 95% CI=0.19–0.78) and among patients without a new cardioversion beyond 6 months after ablation (HR=0.68; 95% CI=0.48–0.97). These results are
encouraging and prompt for the implementation that
adequately sized randomized studies may provide to
this controversial topic in the next future. Until those
trials have arrived and fully reported clinical practice
should include continuing life-long anticoagulation after ablation in at risk patients according to the CHADSVASc Score a point of view which is strongly supported
by the 2016 ESC AF management guidelines (5).
The new AF guidelines strengthen a personalized, preFLVLRQGULYHQDSSURDFKWRSDWLHQWVZLWKDWULDO¿EULOODWLRQ
Importantly, the role of new AF risk factors and the importance of life style changes for reduction of AF burden and potentially for reduction of AF related risks is
LQWHQVHO\ GHVFULEHG 0RUHRYHU WKH EHQH¿WV UHVXOWLQJ
from integrated AF care, AF heart teams and patient
engagement for shared decision-making are presented
DQGVSHFL¿FDFWLRQLVUHFRPPHQGHGWRGHOLYHUWKHEHVW
care for AF patients (5).
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ment with rivaroxaban and apixaban was associated
with a 39% (HR 0.61; 95% CI=0.45–0.82) and a 37%
(HR 0.63; 95% CI=0.35–1.12) risk reduction in the aggregate incidence of ischemic stroke and intracranial haemorrhage as calculated in 22 822 patients and in 8166
patients, respectively. More recently, results showing a
VLPLODUEHQH¿WRIGDELJDWUDQYV9.$ZHUHSUHVHQWHGE\
the same authors.
Another real world analysis performed a propensity-matched analysis comparing apixaban (15 390 patient),
dabigatran (28 614 patients), and rivaroxaban (32
350 patients) each with warfarin in OptumLabs Data
Warehouse (OLDW) (29). They found a similar risk for
ischemic stroke for dabigatran vs. warfarin (HR 0.98;
95% CI 0.76–1.26, P=0.98) and for rivaroxaban vs. warfarin (HR 0.93; 95% CI 0.72–1.19, P=0.56), and a lower
risk for apixaban vs. warfarin (HR 0.67; 95% CI 0.46–
0.98, P=0.04). The risk of major bleeding was similar for
rivaroxaban vs. warfarin (HR 1.04; 95% CI 0.90–1.20,
P=0.60), and lower for dabigatran vs. warfarin (HR
0.79; 95% CI 0.67–0.94, P<0.01) as well as apixaban
vs. warfarin (HR 0.45; 95% CI 0.34–0.59, P<0.001).
Finally, a very recent FDA analysis in 52 240 dabigatUDQDQGULYDUR[DEDQWUHDWHGHOGHUO\ \HDUV 
Medicare patients revealed a trend for lower risk of
thromboembolic stroke with rivaroxaban compared with
dabigatran (HR 0.81; 95% CI, 0.65–1.01; P=0.07) (30).
At the same time, however, intracranial haemorrhage
(HR, 1.65; 95% CI, 1.20–2.26; P=0.002) as well as major extracranial bleeding (HR 1.48; 95% CI, 1.32–1.67;
P<0.001) were increased with rivaroxaban compared
with dabigatran, with a trend towards an increased allcause mortality (HR 1.15; 95% CI, 1.00–1.32; P=0.051).
While comparisons between large phase III study and
post-authorization outcome measures are recommended, statistics on ‘head-to-head’ comparison among
NOACs should clearly be discouraged. The available
evidence, in fact, demonstrates that any ‘real world’ analysis equally comes with a number of possible limitations,
including residual confounding, short follow-up, selected
patient populations, inconsistency of outcome measures
LHPDMRUEOHHGLQJGH¿QLWLRQ ODFNRIH[WHUQDODGMXGLFDtion, and incomplete follow-up, hence limiting the generalizability of such comparative data. The primary – and
likely the only – conclusion that can be drawn from data
IURPSRVWDXWKRUL]DWLRQVWXGLHVLVWKDWWKHLU¿QGLQJVDUH
FRQVLVWHQW ZLWK WKH VDIHW\ DQG HI¿FDF\ RI 12$&V REserved in the large-scale randomized clinical trials after
their adoption in daily practice by large segments of the
medical community across the world. As such, the curUHQWJXLGHOLQHVIRUWKHPDQDJHPHQWRIDWULDO¿EULOODWLRQUHFRPPHQGWKHXVHRI12$&VDV¿UVWOLQHWKHUDS\
in patients who newly start anticoagulation treatment for
AF, with a Class I recommendation, level of evidence A
(5). In contrast, the use of aspirin newly received a class
,,,UHFRPPHQGDWLRQ SRVVLEOHKDUP JLYHQLWVOLPLWHGHI¿cacy and frequently underestimated bleeding risk.

Ventricular arrhythmias and sudden
cardiac death
Catheter ablation of ventricular tachycardia (VT) is an
important technique to manage patients with recurrent
VT (Figure 3) (31). However, randomized clinical trials
HYDOXDWLQJWKHSRWHQWLDOEHQH¿WVRIFDWKHWHUDEODWLRQDV
compared with antiarrhythmic drug therapy are scarce. The recently published VANISH trial randomized
patients with drug refractory ventricular tachycardia in
WKHVHWWLQJRILVFKHPLFFDUGLRP\RSDWK\DQGGH¿EULOODWRU
protection to VT catheter ablation with continuation of
baseline antiarrhythmic medications vs. escalated antiarrhythmic drug therapy (32). In the latter group, amiodarone was initiated if another drug had been used
previously. The dose of amiodarone was increased up
to 300 mg/day and mexiletine was added thereafter, if
FOLQLFDOO\ UHTXLUHG 'XULQJ PRQWK IROORZXS VLJQL¿cantly more deaths, VT storm events or appropriate
ICD shocks were reported in the 127 patients assigned
to the escalated therapy arm than in the 132 patients
assigned to the ablation arm (69% vs. 59%; HR=0.72;
&, ± +RZHYHUDOWKRXJKVXFKEHQH¿FLDO
effects on VT recurrence could be observed in the ablation group there was no difference in overall survival
indicating that additional factors such as progression
of structural heart disease and progressive heart failure may also play an important role for the prognosis of
these patients.
Recurrent ventricular tachycardia in patients with reSDLUHG WHWUDORJ\ RI )DOORW LV D VLJQL¿FDQW ULVN IDFWRU IRU
sudden cardiac death. Treatment with catheter ablation
LV GLI¿FXOW GXH WR WKH FRPSOH[ DQDWRP\ DIWHU VXUJLFDO
repair. However, as recently shown detailed electroanatomical reconstruction and mapping of the conductiRQSURSHUWLHVLQWKHRSHUDWHGDUHDVHIIHFWLYHO\LGHQWL¿HV
critical conduction isthmus that promotes VT (33). In
one of the largest patient series of Fallot patients with
VT reported so far it could be shown that discrete ablation of the isthmus results in VT termination and rendered VT non-inducible in the majority of patients. In
patients with effective ablation VT recurrence was very
ORZSURYLQJWKHEHQH¿WVRIWKLVDSSURDFK
In a recent study, Kudenchuck et al. compared parenteral amiodarone, lidocaine, and saline placebo, along
with standard of care, in adults with out-of-hospital carGLDFDUUHVWVKRFNUHIUDFWRU\YHQWULFXODU¿EULOODWLRQ 9) 
or pulseless VT after at least one shock (34). Of 3026
enrolled patients, 974 were assigned to amiodarone,
993 to lidocaine and 1059 to placebo. No differences
in survival to hospital discharge (24%, 24% and 21%,
respectively) or neurologic outcome were found among
the three groups. Interestingly, active drug administration was associated with a higher survival rate among
patients with by-stander witnessed cardiac arrest (P =
0.05), but not among those with unwitnessed cardiac
DUUHVW 7KHVH ¿QGLQJV RIIHU D VHULRXV DUJXPHQW DJDinst the administration of intravenous antiarrhythmic
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FIGURE 3. Endo- and epicardial VT ablation. Three-dimensional mapping of the left ventricular endocardial surface (A) as well
as the epicardium (B–D), with superimposed coronary angiograms to detect the epicardially located coronary arteries. While
only a small area of low-voltage is detectable on the endocardium (A, red area), the epicardial surface shows extensive fibrosis
(D). Pink points denote sites of ablation. This Figure has been reprinted by permission of Oxford University Press on behalf of
the European Society of Cardiology

drugs in unwitnessed out-of-hospital cardiac arrest victims, but leave the door open for their possible use in
by-stander witnessed victims.

Cardiac electronic devices
,PSODQWDEOHGHÀEULOODWRUWKHUDS\
:KREHQH¿WVIURPDQ,&'DQGZKRGRHVQRW"7KH¿QDO
jury is not out on this ever moving target. In a randomized study of 1116 patients with symptomatic systolic heart failure not caused by coronary artery disease
(the DANISH trial), Kober et al. recently showed that
LPSODQWDEOH FDUGLRYHUWHU GH¿EULOODWRU ,&'  WKHUDS\
LQ DGGLWLRQ WR XVXDO FDUH GLG QRW FRQIHU D VLJQL¿FDQW
protection from all-cause mortality as compared with
usual care only during long-term follow-up (68 months)
 ,QWKLVVWXG\WKH KLJKO\VLJQL¿FDQW UHODWLYH
reduction of sudden death risk in patients assigned to

an ICD was offset by a larger proportion of patients in
this same group presenting with deaths caused by other cardiovascular causes and, above all, by non-cardiovascular death. All time-to-event curves tended
to diverge in favour of the ICD population during the
¿UVW  \HDUV RI IROORZXS DQG WKHQ WR FRQYHUJH 7KHVH UHVXOWV FRQWULEXWH VLJQL¿FDQWO\ WR WKH RQJRLQJ GHbate on the usefulness of ICD therapy for the primary
prophylaxis of patients with non-ischemic cardiomyopathy (36, 37). The relatively old age at entry (64 years)
and the long duration from time to diagnosis of heart
failure to enrolment (19 years) make the investigated
population of this study a highly selected one and one
with a relatively low life-expectancy (ejection fraction
at entry, 0.25). Indeed, a subgroup analysis focusing
RQSDWLHQWDJHUHYHDOHGDVLJQL¿FDQWVWDWLVWLFDOLQWHUDFtion, with younger patients (<59 years old) deriving a
EHQH¿WIURP,&'LQWHUPVRIDOOFDXVHPRUWDOLW\ZKLFK
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was not evident in the elderly patients. In addition, the
variety of reported cardiomyopathies makes the investigated population rather heterogeneous. Further stuGLHVDUHQHHGHGWRHYDOXDWHWKHSURWHFWLYHHI¿FDF\RI
ICD therapy in patients in whom a non-ischemic dilated cardiomyopathy is diagnosed at a younger age and
whose eligibility for primary prophylaxis is raised at a
relatively short time interval from diagnosis of heart failure. Previous studies investigating such a population
were not numerous enough to test a superiority hypothesis by the ICD system vs. pharmacological therapy
only (38). In summary, the results of the DANISH trial
are important, but in the end reinforce clinical practice
which should ideally already be in place – i.e. to take
into consideration competing risk and modes of death,
particularly non-cardiovascular as well as pump failure, when deciding to opt for ICD implantation, especially in patients with non-ischemic heart disease.
These results are in line with a recent large prospective,
multicentre registry of patients with cardiac resynchronization therapy (CRT). In a total of 1705 consecutive
patients implanted with either a CRT-P (535 patients)
or CRT-D (1170 patients), the adjusted morality hazard
1.54 in CRT-P vs. CRT-D (CI 1.07–2.21, P=0.0209)
(39). However, 95% of the excess mortality in CRT-P
recipients was due to an increase in non-sudden cardiac death, hence re-iterating the importance of an individualized ‘competing risk’ analysis prior to the right
device for each patient.
In a recent report, Vehmemeijer et al. performed a
comprehensive review and meta-analysis on the indicaWLRQVHI¿FDF\DQGVDIHW\RI,&'WKHUDS\LQDGXOWVZLWK
congenital heart disease (40). Overall, 2162 patients
(66% males) with a mean age of 37 years at implant
were included from 24 studies. The devices were implanted for primary prevention in 53% of patients (95%
CI=43.5–62.7%), with non-sustained VT representing
the most frequent indication, followed by impaired LV
function, inducible VT, syncope, and palpitations or
presyncope. The most frequent substrate was tetralogy
of Fallot, followed by transposition of great arteries,
congenitally corrected transposition of great arteries,
ventricular or atrial septal defects and others. During
3.6-year follow-up, 24% of patients received an appropriate and 22% an inappropriate ICD intervention, inclusive of shock and/or anti-tachycardia pacing. All-cause
mortality occurred in 10% of patients. These data offer
the rationale for a thoughtful decision process concerning the relatively high rate of complications and inappropriate ICD therapy in these patients.

Registry ICD Registry between September 2012 (US
Food and Drug Administration S-ICD approval date)
and March 2015, the investigators performed a 1:1:1
propensity-matched analysis of 5760 patients to compare in-hospital outcomes among patients with S-ICD
with those of patients with single chamber (SC)-ICD
and dual chamber (DC)-ICD. The proportion of patients
receiving an S-ICD among all ICD patients during the
investigated period was 0.9%. Compared with SC-ICD
and DC-ICD, patients receiving an S-ICD were younger,
more prevalently female, black, undergoing dialysis and
survivors of cardiac arrest. Interestingly, many patients
presented with a high number of co-morbidities. DFT
WHVWLQJ UHVXOWHG LQ D VXFFHVVIXO GH¿EULOODWLRQ LQ 
of 2629 patients undergoing induction of ventricular arrhythmias at time of implant. In-hospital complication
rates associated with an S-ICD were low (1.1%), similar
to those associated with a SC-ICD (1.0%), and lower
than those associated with a DC-ICD (1.2, P<0.001).
7KHVH ¿JXUHV SURYLGH DQ LQLWLDO SHUVSHFWLYH RI WKH LPpact of S-ICD in daily practice and offer an encouraging
view on their safety at implant.
Another, preliminary report on the use of a subcutaneous ICD in a limited population of young patients
(mean age, 34 years) with congenital heart disease
recently showed a 100% success rate of device impODQWDQGDFRQYHUVLRQUDWHZLWK-RILQGXFHG
arrhythmias (42). Randomized trials are required to
FRQ¿UPWKHVHUHVXOWVDQGHYDOXDWHWKHFOLQLFDOLPSDFWRI
S-ICD during long-term follow-up (43). The still young
technology of the S-ICD is at the same time evolving
UDSLGO\ $ QRYHO KLJK SDVV ¿OWHU 6PDUW3DVV DYDLODEOH
for Gen 2 and Gen 2.5 of the EMBLEM S-ICD) was introduced this year designed to reduce the risk of T-wave
oversensing in S-ICD patients (Theuns et al., presented
at HRS 2016). Modelling of inappropriate shock episodes recorded in the large EFFORTLESS registry demonstrated a reduction in inappropriate shocks by 81%
FRPSDUHGZLWKWKH¿UVWJHQHUDWLRQ6,&'
One of the (perceived) major limitations of current
S-ICD systems is the lack of pacing capability, hence
limiting its use in patients with known monomorphic VT
or an indication for bradycardia pacing. This year it was
GHPRQVWUDWHGIRUWKH¿UVWWLPHLQDQDQLPDOPRGHOWKDW
communication of an S-ICD with a leadless cardiac pacemaker is possible, resulting in adequate termination
of a monomorphic VT as well as in normal VVI functionality of the leadless pacer.44 These data are highly
encouraging on the way to a further improvement of the
current S-ICD system.

Subcutaneous implantable cardioverter
GHÀEULOODWRUV
In a recent study, Friedman et al. evaluated the trends
and in-hospital outcomes associated with early adoption of the S-ICD in USA (41). Out of 393 734 ICD implants reported to the National Cardiovascular Data

Leadless pacemaker
/HDGOHVVSDFLQJKDVWDNHQFHQWUHVWDJHLQWKH¿HOGRI
bradycardia pacing for the last years, and important
new data surfaced during the year 2016. The primary
results of the Micra experience in 725 patients, published in print early in the year (45), demonstrated
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favourable electrical values (threshold, sensing, impedance) in 292 of 297 patients with paired 6-month
data. About 28 major complications occurred in 25 of
725 patients (4.0%), including 11 (1.9%) cardiac perforation or effusion and 1 death (0.1%). These positive
results were reinforced by additional follow-up which
were presented at Cardiostim, with an average follow-up duration of 7.7±3.9 months. There was no signal
apparent with very few additional clinical events; most
importantly, no macro dislodgement and no embolization occurred. With now over 2000 Micra pacemakers
implanted, the latter is also mirrored in the ‘real world’
outside the clinical trial, hence reinforcing particularly
the safety of the device.
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