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Abstract
In patients with structural heart disease, ventricular 
tachycardia (VT) worsens the clinical condition and may 
severely affect the short- and long-term prognosis. Sev-
eral therapeutic options can be considered for the man-
agement of this arrhythmia. Among others, catheter 
ablation, a closed-chest therapy, can prevent arrhyth-
mia recurrences by abolishing the arrhythmogenic sub-
strate. Over the last two decades, different techniques 
have been developed for an effective approach to both 
tolerated and untolerated VTs. The clinical outcome 
of patients undergoing ablation has been evaluated in 
multiple studies. This editorial gives an overview of the 
role, methodology, clinical outcome and innovative ap-
proaches in catheter ablation of VT.

© 2011 Baishideng. All rights reserved.

Key words: Catheter ablation; Electroanatomic map-
ping; Implantable cardioverter-defibrillator; Radio-
frequency energy; Sudden cardiac death; Ventricular 
tachycardia
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net.com/1949-8462/full/v3/i11/339.htm  DOI: http://dx.doi.
org/10.4330/wjc.v3.i11.339

INTRODUCTION
Ventricular arrhythmias may occur in patients with or 
without structural heart disease. A dissertation on abla-
tion of  the different forms of  ventricular arrhythmias 
in different patient settings may be too long. Therefore, 
this editorial will focus only on catheter ablation of  ven-
tricular tachycardia (VT) associated with structural heart 
disease. A list of  diseases possibly associated with VT is 
shown in Table 1.

Catheter ablation is a therapeutic option aimed at the 
prevention of  recurrences of  ventricular arrhythmias. 
Other options used for the same purpose are antiarrhyth-
mic drugs and antiarrhythmic surgery, while an implant-
able cardioverter-defibrillator (ICD) terminates ventricu-
lar arrhythmias and prevents sudden cardiac death. Class 
Ⅲ antiarrhythmic agents, such as amiodarone (especially 
in combination with β-blockers) or sotalol, can be used 
to reduce recurrences of  ventricular arrhythmias and, 
therefore, appropriate ICD interventions[1,2]. However, 
their use is associated with a significant risk of  detrimen-
tal adverse effects, including proarrhythmia. Moreover, in 
patients with structural heart disease and life-threatening 
ventricular arrhythmias, antiarrhythmic drug therapy, used 
alone, is inferior to ICD for secondary prevention of  
sudden death[3]. Mapping-guided antiarrhythmic surgery 
is still a valuable option in abolishing ventricular arrhyth-
mias, which can be used especially in patients who require 
concomitant cardiac surgery. However, surgical treatment 

EDITORIAL
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achieves the best results only in a selected patient popu-
lation, implies open-chest intervention and requires an 
experienced center/surgeon[4]. Finally, although undoubt-
edly valuable to decrease arrhythmic and all-cause mor-
tality, ICDs represent a suppressive therapy and do not 
prevent recurrences of  ventricular arrhythmias. Repeated 
shocks for the termination of  multiple episodes of  ven-
tricular arrhythmias may affect both quality of  life[5] and 
survival[6], while inappropriate shocks for supraventricular 
arrhythmias represent a clinical problem, especially in pa-
tients receiving an ICD for primary prevention[7].

In this scenario, a single therapy might not be the best 
option for every patient. Hybrid treatments including 
more than one therapy, far from representing an over-
treatment, are the best strategy to improve both survival 
and quality of  life in the cohort of  patients with struc-
tural heart disease and ventricular arrhythmias. Catheter 
ablation is currently an effective treatment to abolish or 
minimize recurrences of  ventricular arrhythmias and 
ICD interventions. New techniques and sophisticated 
technologies have contributed to improve acute and 
mid-term outcomes of  catheter ablation. Peculiarly, it 
becomes of  crucial importance in the case of  storms of  
intractable VTs, when all the other options are ineffective 
or may not be applicable. 

CATHETER ABLATION OF VT 
ASSOCIATED WITH STRUCTURAL HEART 
DISEASE: METHODS AND RESULTS
Pathophysiological considerations
In patients with structural heart disease, the VT can be 
macroreentrant or focal. If  focal in origin, the arrhythmo-
genic mechanisms can be either enhanced automaticity 
or macroreentry. In the vast majority of  cases, VT associ-
ated with large areas of  fibrosis/necrosis surrounded by 
a border zone of  slow conduction is sustained by a mac-
roreentrant mechanism[8,9]. This is the case in ischemic 
cardiomyopathy with an old myocardial infarction, ar-
rhythmogenic right ventricular dysplasia, and some forms 
of  dilated cardiomyopathy. In other cardiomyopathies, an 
arrhythmogenic focus able to generate and sustain VT is 
located in a discrete area of  the ventricular myocardium 
in strict anatomical relationship with an area of  minimal, 
moderate, or extensive fibrosis[10]. The mechanism of  the 
VT is clarified in the diagnostic phase of  the procedure 
and determines the electrophysiologic criteria used to 
identify the ablation target. Some other variables, such 
as VT inducibility by ventricular stimulation and hemo-
dynamic tolerance, determine the approach for catheter 
ablation of  VT in a given patient.

Methods
Figure 1 shows the different approaches for VT abla-
tion. The presence of  left ventricular or atrial[11] thrombi 
and of  inducible myocardial ischemia should be ruled 
out before the procedure. The left ventricle can be ap-

proached transaortically or transmitrally, after transseptal 
catheterization has been performed. This second option 
is preferable when critical peripheral vasculopathy or aor-
tic disease is found and necessary when a prosthetic me-
chanical aortic valve is present. As mentioned before, the 
major determinants of  the ablation strategy are arrhyth-
mia inducibility by programmed electrical stimulation and 
hemodynamic tolerance. The latter very much depends 
on ventricular rate during tachycardia and the degree of  
left ventricular impairment. 

If  a VT is easily inducible, hemodynamically well tol-
erated and shows a stable morphology (left hand side of  
Figure 1), then detailed activation mapping during tachy-
cardia can be performed to clarify the arrhythmogenic 
mechanism. In the case of  macroreentrant VTs[12], the 
attention is focused on identification of  the critical isth-
mus of  slow mid-diastolic conduction with the help of  
entrainment techniques[9]. In this area, low-amplitude, 
fragmented, long-lasting bipolar signals, which are a clear 
expression of  slow conduction, are usually recorded. 
Ablation in this area is aimed at abatement of  electrical 
signals and VT termination and, eventually, at conduction 
block over the critical isthmus. This procedure endpoint 
is a prerequisite to minimize recurrences of  the same 
VT morphology during follow-up. Three-dimensional 
electroanatomic mapping precisely visualizes the reen-
trant circuit and, in particular, the critical isthmus of  slow 
conduction[12-14]. Figure 2 shows an example of  activation 
mapping using an electroanatomic system to reconstruct 
the circuit of  a macroreentrant VT and identify the abla-
tion target. A particular form of  macroreentrant VT is 
represented by the bundle branch reentrant VT, which 
results from macroreentry within the bundle branches. 
This tachycardia occurs more frequently in patients with 
non-ischemic dilated cardiomyopathy in the presence of  
retrograde conduction delay over the left bundle branch. 
The easiest way to abolish this VT is radiofrequency abla-
tion of  the right bundle branch[15].

When the VT mechanism is focal, usually a centrifu-
gally spreading activation pattern from the site of  earli-
est activation is observed in the map generated by the 
electroanatomic system. Here, the earliest bipolar signal is 
recorded and, concomitantly, a fast negative intrinsicoid 
deflection is also recorded in the unipolar recording from 
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Table 1  Diseases frequently associated with sustained ven-
tricular tachycardia

Ischemic heart disease
Dilated cardiomyopathy
Hypertrophic cardiomyopathy
Arrhythmogenic right ventricular dysplasia
Hypertensive heart disease
Congenital heart disease (with or without prior surgical correction)
Noncompaction of ventricular myocardium
Sarcoidosis
Systemic sclerosis
Chagas disease
Myotonic dystrophy type Ⅰ



the distal electrode of  the mapping catheter. Ablation 
of  this area usually results in early tachycardia termina-
tion. If  the VT is subsequently no longer inducible then 
the procedure endpoint is met[16,17]. A rare but interest-
ing form of  focal VT has been described in patients 
with postinfarction ischemic cardiomyopathy[18,19]. In this 
form, the arrhythmogenic focus originates from surviving 
Purkinje fibers at the border zone of  myocardial necrosis. 
Usually, the VT shows a relatively narrow QRS complex 
with right bundle branch block morphology and superior 
axis deviation and a heart rate of  approximately 150 beats 
per minute. Ablation of  the earliest activated site, where 
a high frequency Purkinje potential is recorded, results in 
permanent abolition of  the VT, without the appearance 
of  new conduction disturbances.

The approach based on activation mapping during 
VT is undoubtedly effective and time-tested. It has been 
used since the early phase of  the experience in catheter 
ablation of  VT[20,21]. Nevertheless, this approach has clear 
limitations. It can be applied only to a minority of  pa-
tients with inducible and stable VTs, which has been 
estimated to account for no more than 30% of  patients 
referred for recurrent VTs[20,22]. In some patients, even 
if  recurrent VTs are clinically observed before the pro-
cedure, no arrhythmia is inducible during the procedure. 
Moreover, several patients have untolerated VTs, which 
trigger frequent ICD interventions. Finally, in particular 
cases, multiple morphologies of  stable VT are observed 
and the arrhythmia may convert from one morphology 
to another during mapping. All these situations make it 
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Patients with structural heart disease and VT

Inducible, sustained and stable VT Non inducible, non tolerated, or 
multiple-morphology VT

Mapping during VT Substrate mapping 
+ pace mapping

Single VT beat mapping or 
with hemodynamic support

Reentry circuit

Identification of 
the critical isthmus

Focal origin

Identification of the 
earliest activated site

Identification of the 
VT-related channel

Identification of the 
site of origin

Ablation Ablation Ablation Ablation

Figure 1  Strategies for catheter ablation of ventricular tachycardia. Flow-chart of the possible strategies for catheter ablation of ventricular tachycardia (see text 
for further explanation). VT: Ventricular tachycardia.
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Figure 2  Three-dimensional electroanatomic map during macroreentrant ventricular tachycardia (A, B). Postero-anterior view of the electroanatomic activation 
map of the left ventricular endocardium, reconstructed during ventricular tachycardia with a cycle length of 380 ms in a patient with postinfarction ischemic cardio-
myopathy. A: The ventricular tachycardia is sustained by a reentry circuit, which has been fully reconstructed during point-by-point mapping. The reentry course is 
shown by the sequence of colors from red to purple (arrows). There are two reentrant loops: one rotates clockwise around the mitral annulus, whereas the other has 
a counter-clockwise course in the lateral wall of the left ventricle. Both loops share the mid-diastolic isthmus, the dark red area between two electrically silent areas 
(gray dots) where the two arrowed circles meet each other; B: Sequential radiofrequency energy applications (red dots) were delivered linearly to transect the critical 
isthmus and produce a line of block between the two electrically silent areas and the mitral annulus. No arrhythmia was inducible at the end of the procedure and the 
patient had no recurrence at the mid-term follow-up. MV: Mitral valve.
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difficult or even impossible to use a strategy based on 
activation mapping to identify the ablation target. Conse-
quently, over the years, alternative approaches to activa-
tion and entrainment mapping have been developed to 
treat these “unmappable” forms using catheter ablation. 
This has moved ahead the frontier of  catheter ablation 
of  VT, expanding this treatment option to a wider patient 
population. As shown in the right hand side of  Figure 1, 
these strategies are necessarily based on the use of  new 
technologies, such as three-dimensional mapping systems. 

In “unmappable” VTs, the approach most frequently 
used is substrate mapping during sinus rhythm or right 
ventricular pacing combined with pace-mapping tech-
niques[23-25]. This method aims at localizing the substrate 
for possible reentry circuits based on identification of  
areas of  low voltage and slow conduction, assuming that 
the clinical “unmappable” arrhythmia is sustained by 
reentry. Using a three-dimensional electroanatomic map-
ping system, bipolar voltage mapping is performed in 
the ventricles to identify areas of  low voltage related to 
an old myocardial infarction or, in general, fibrosis. Ac-
cording to a preliminary evaluation[23], areas with bipolar 
voltage ≥ 1.5 mV are normal, those with bipolar voltage 
≤ 0.5 mV are areas of  dense scar, whereas areas with 
a voltage between 0.5 and 1.5 mV are the border zone 
between necrosis/fibrosis and the normal myocardial 
tissue. In a post-mortem study, these voltage thresholds 
correlated very well with histology, since massive (> 80%) 
fibrosis has been found in areas with voltage < 0.5 mV, 
while intermediate (21%-79%) and minimal (< 20%) fi-
brosis has been observed in areas with voltage 0.5-1.5 mV 
and > 1.5 mV, respectively[26]. Once voltage mapping has 

been completed, pacing maneuvers are used in the area of  
dense scar and along the border zone to identify a chan-
nel of  low voltage and slow conduction, possibly related 
to the VT. In fact, this may serve as the critical diastolic 
isthmus of  the reentry circuit. Ventricular pacing is final-
ized to: (1) reproduce a QRS complex morphology identi-
cal or similar to the target VT; and (2) identify an area of  
slow conduction as assessed by a long interval between 
the pacing stimulus and the paced QRS complex. In the 
majority of  cases, a slow conducting channel related to 
a VT can be identified in a discrete area, so that limited 
ablation can be performed to transect this channel[24]. An 
example of  a non inducible VT ablated using this strategy 
is shown in Figures 3 and 4. These VT-related channels 
are usually found in the area of  dense scars with a bipo-
lar voltage of  0.1-0.3 mV and a length of  33 ± 22 mm, 
on average[24,27]. Ablation aims to render unexcitable the 
identified VT-related channel. After ablation, stimulation 
protocols are used to assess the non inducibility of  VT. 
Although every effort is made to ablate a limited area, 
this strategy may be more aggressive than the one based 
on activation mapping during a stable VT, since in some 
cases this technique may overestimate the ablation target. 
However, this does not result in worsening of  ventricular 
function, because ablation is performed in an area of  
massive fibrosis, which does not contribute to ventricular 
contraction. In fact, a study[28] showed that the value of  
left ventricular ejection fraction is unchanged before and 
after ablation, even if  a considerable amount of  radiofre-
quency energy was applied (25 applications on average, 
ranging from 3 to 98). Finally, this strategy, proposed to 
approach “unmappable” ventricular arrhythmias both in 
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Figure 3  Imaging integration for ablation of ventricular tachycardia (A, B). Example of integration of a computed tomography image in the three-dimensional 
electroanatomic system. This patient had ventricular tachycardia years after multiple surgical corrections for tetralogy of fallot with pulmonary artery stenosis. He was 
referred for multiple recurrences of drug-refractory ventricular tachycardia with two morphologies, both with left bundle branch morphology and inferior axis deviation. 
However, no arrhythmia was inducible during the electrophysiology testing. Therefore, the ablation strategy was based on substrate mapping in sinus rhythm with im-
aging integration (Figure 4). A: The three-dimensional rendering of the computed tomography (image in brown) of the right ventricle and pulmonary artery is superim-
posed on the electroanatomic mapping of the right ventricle in sinus rhythm. The merging of the two images helps reconstruct the geometry of the heart chamber and, 
particularly in this case, clarifies the anatomy of the right ventricular outflow tract, identifying precisely the pulmonary valve annulus, an essential landmark for ablation. 
The right ventricle appears hypertrophic and markedly dilated; B: The activation map in sinus rhythm is shown in the antero-posterior projection without the integrated 
image. There is a markedly delayed activation in the anterior wall of the outflow tract (in purple), in a channel between two electrically silent areas (in gray) related to 
previous surgery (ventriculotomy and positioning of a prosthetic patch). This channel (arrow) shows late bipolar recordings, after the end of the surface QRS (panel 
on right hand side) and could possibly be related to one morphology of ventricular tachycardia. During sinus rhythm, the earliest activated site (in red) of the right 
ventricular endocardium is the ventricular septum, consistent with a breakthrough of activation from the left bundle branch in the presence of a complete right bundle 
branch block.

De Ponti R. Ablation of ventricular tachycardia



ischemic and non-ischemic cardiomyopathy, may have 
some limitations in the non-ischemic cardiomyopathy 
setting. In these cases, the distribution of  the areas of  
fibrosis identified by voltage and slow conduction shows 
a patchy pattern and fewer protected channels/isthmi, 
definitely different from a postinfarction scar. This un-
dermines the feasibility and efficacy of  this approach in 
non-ischemic cardiomyopathy patients[29,30].

As reported in Figure 1, activation mapping of  only 
a few tachycardia beats using noncontact mapping[31-33] 
or using a ventricular assist device for temporary he-
modynamic support[34] is another possible, but rarely 
used, strategy to approach “unmappable” VT. Using a 
multi-electrode array mounted on an inflatable balloon, 
noncontact mapping reconstructs isopotential activation 
maps of  a single VT beat[31]. Analysis of  the map allows 
identification of  the arrhythmogenic substrate, which, 
subsequently, can be ablated. Suppression of  arrhythmia 
inducibility correlates with a favorable outcome during 
follow-up[31-33]. The limitation of  this approach mainly 
consists of  possible sub-optimal identification of  the 
diastolic pathway in the reentry circuit. Especially in cases 
with enlarged heart chambers, noncontact mapping may 
be unable to detect low amplitude potentials, which are 
typically found in the critical isthmus of  slow conduction. 
When this isthmus is not localized, ablation in the exit 
site from the critical isthmus where higher voltage is pres-
ent is a possible alternative, but usually less effective[31].

As previously mentioned, activation and entrainment 
mapping to localize the arrhythmogenic substrate of  
untolerated VT is also possible using a ventricular assist 
device[34]. Currently, limited experience has been gathered 
in this field. However, this approach is feasible. The left 

ventricular assist device is percutaneously positioned 
before the procedure and is able to maintain a cardiac 
output during the VT for enough time to identify the ar-
rhythmogenic substrate. Nevertheless, it is important to 
underline that some patients may require continuation of  
ventricular assistance after the procedure for a prolonged 
time period. Therefore, these cases should be managed 
in cooperation with a heart failure specialist and a cardio-
thoracic surgeon[34].

Finally, frequently recurrent very fast VT and even 
ventricular fibrillation can be completely or partially sup-
pressed by catheter ablation, if  their recurrence is invari-
ably triggered by a specific ventricular ectopy. Both in 
patients with ischemic heart disease and in patients ap-
parently without structural heart disease[35,36], when the 
origin of  the triggering premature ventricular beat can be 
localized, ablation of  this area results in long lasting sup-
pression of  the fast VT or fibrillation, minimizing ICD 
interventions during follow-up.

Results
It may be complex to evaluate the results of  catheter ab-
lation of  VT in patients with structural heart disease. The 
reasons are multiple: (1) there is still a paucity of  data and 
the published studies include a limited number of  cases 
with non uniform underlying heart disease and, usually, 
only short- or mid-term follow-up data; (2) the clini-
cal outcome in terms of  prevention of  VT recurrences 
may differ from the success of  the procedure, defined as 
acute suppression of  the inducible VT; long-term clini-
cal outcome may also depend on the type of  underlying 
heart disease; (3) new techniques and technologies have 
been introduced and applied over the last 10 years; there-
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Figure 4  Ablation of “unmappable” ventricular tachycardia based on substrate mapping and pace-mapping (A, B). Bipolar voltage mapping of the right ventri-
cle in the same patient as in Figure 3. A: According to the settings used for this map, shown in antero-posterior view, the purple area has a bipolar voltage > 0.53 mV, while 
in the myocardium surrounding the two scars (in gray) the voltage is low, between 0.05 and 0.52 mV (colors from red to blue). In this area, pace-mapping is used to 
identify channels of low voltage and slow conduction possibly related to the two ventricular tachycardia morphologies clinically documented. In addition to the channel 
of slow conduction identified between the two scars during sinus rhythm (Figure 3), a second channel of low voltage and slow conduction is now identified by pacing at 
600 ms cycle length in the area marked by the yellow dot (arrow); B: In this site, pacing reproduces one of the two ventricular tachycardia morphologies. Interestingly, 
the interval between the stimulus artifact and the onset of the QRS complex is markedly prolonged (125 ms) and this demonstrates the presence of slow conduction 
in this area; C: The same map is now shown in right anterior oblique view with two lines of radiofrequency energy applications (red dots) delivered to transect the two 
channels: one line is deployed between the two scars and the other between one scar and the pulmonary artery annulus (circle marked by white dots). No arrhythmia 
was inducible at the end of the procedure and the patient had no recurrences during follow-up. 
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fore, early studies may underestimate the results now 
achievable, while the latest studies might overestimate 
the results because of  the limited follow-up; (4) a given 
technique (e.g., ablation based on substrate mapping) can 
achieve good results in a subset of  patients (ischemic 
cardiomyopathy), but sub-optimal results in other pa-
tients (non-ischemic cardiomyopathies); (5) single-center 
studies involving experienced operators may report bet-
ter results, but in a limited patient population and for 
multicenter studies the opposite may be true; and (6) cur-
rently, meta-analyses include a limited number of  studies 
with inhomogeneous patient populations and different 
ablation techniques with limited data on mortality. In the 
following section, data on the largest and most significant 
studies on VT ablation will be reported, including single-
center studies, multicenter observational studies and 
prospective multicenter randomized trials. It would take 
too long to report detailed results of  each subset of  pa-
tients with different heart diseases. These data have been 
extensively reported in two recently published consensus 
documents[37,38]. 

In general, catheter ablation is effective in terminating 
a target morphology of  VT and limiting arrhythmia re-
currences. Acute suppression of  VTs by radiofrequency 
energy application has been reported in 75% to 95% of  
patients, with a recurrence rate of  up to 35%[37,38]. Al-
though the recurrence rate seems high, it is much lower 
than in patients receiving only antiarrhythmic drugs, ac-
cording to a recent meta-analysis[39]. This meta-analysis 
considered 154 potential studies on catheter ablation of  
VT associated with structural heart disease and included 
only 5. These studies spanned 11 years with a total of  
457 patients. When catheter ablation used as adjunctive 
therapy to antiarrhythmic drugs was compared to antiar-
rhythmic drugs only, there was a statistically significant 
38% reduction in the number of  patients with VT recur-
rences in the group undergoing catheter ablation. The 
difference in mortality between the two groups could not 
be demonstrated in this meta-analysis.

Catheter ablation of  VT associated with structural 
heart disease has been a promising therapeutic option 
since the beginning. In the early phase, two studies[20,21] 
reported encouraging results on VT ablation in patients 
with structural heart disease (mainly ischemic cardiomy-
opathy), based on activation and entrainment mapping. 
The success rate was 73%-83%, recurrence rate about 
25%, with a complication rate of  7% and limited use 
of  ICD (20% of  patients). These results seem surpris-
ingly good considering that at that time the technology 
of  three-dimensional mapping and irrigated tip ablation, 
now routinely used, was not available. The selection of  
patients and prior experience in antiarrhythmic surgery 
for VT in these centers could have been crucial in achiev-
ing good results. 

In single center reports, ablation based on the sub-
strate mapping strategy in patients with “unmappable” 
VT have produced similar results in terms of  recurrence 
rate during a short/mid-[23,24,40,41] and long-[42] term follow-

up. Although the percentage of  patients with recurrences 
varied between 17% and 36% in these studies, a consid-
erable reduction in the frequency of  ICD interventions 
was observed post-ablation. In a single center non-ran-
domized study[43], substrate mapping during sinus rhythm 
and activation mapping during VT was compared in 
patients with coronary artery disease. The results of  the 
two strategies in term of  clinical outcome were similar: 
success rate during follow-up was 80% and 71% for the 
activation and the substrate mapping groups, respectively. 
However, as previously mentioned, the results achieved 
using substrate mapping for ablation of  “unmappable” 
VT very much depended on the type of  underlying heart 
disease. In fact, the success rate of  ablation based on 
substrate mapping in terms of  prevention of  recurrences 
during follow-up was 82% and only 50% in ischemic and 
non-ischemic cardiomyopathy patients, respectively[30]. 
The poorer clinical outcome in the latter group of  pa-
tients mainly depended on the different characteristics 
of  the arrhythmogenic substrate in patients with non-
ischemic cardiomyopathy, which is more difficult to local-
ize by substrate mapping. 

Recently, two prospective multicenter observational 
studies have been published. They report the results on 
catheter ablation of  postinfarction VT using electro-
anatomic three-dimensional mapping and irrigated-tip 
radiofrequency energy ablation[44,45]. In the first study[44], 
231 patients in 18 centers over a period of  approximately 
4 years were enrolled. They had a median left ventricular 
ejection fraction of  25% and a median of  11 VT epi-
sodes in the last 6 mo. The prevalence of  heart failure 
and atrial fibrillation was 62% and 29%, respectively. 
Before ablation, amiodarone failed in 70% of  patients 
and 94% of  them had an ICD. During the ablation 
procedure, a median of  3 VT morphologies per patient 
were treated for a total of  864 morphologies (“unmap-
pable” morphologies were present in 69% of  patients). 
The primary end-point (freedom of  VT in the following 
6 mo) was reached in 53% of  patients and a reduction 
in the frequency of  VT recurrence of  at least 75% was 
obtained in 67% of  patients. Procedure-related mortality 
was 3% with an additional 7.3% of  non fatal complica-
tions. The second study[45] achieved similar results in a 
smaller patient population. In 8 European centers during 
approximately 3 years, 63 patients underwent ablation of  
164 mappable or “unmappable” VT morphologies. Two 
thirds of  the patients had an ICD before ablation. Suc-
cess was obtained in 81%, but 49% of  patients had VT 
recurrences during follow-up. However, 79% of  patients 
with recurrences had a significant reduction in episodes 
from 60 ± 70 prior to ablation to 14 ± 15 after ablation, 
during the same time period. Procedure-related complica-
tions were observed in 7.9% of  patients. The results of  
these two studies suggest that suppression of  postinfarc-
tion VT can be reproducibly obtained in different centers 
by catheter ablation during the procedure and results in 
a significant reduction of  arrhythmia episodes during 
follow-up. It is important to take into account that these 
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studies included severely ill patients, with multiple and 
also unmappable tachycardia morphologies refractory to 
amiodarone. Considering the time period in which these 
studies were carried out (between 1999 and 2003), these 
results may possibly improve in the near future.

Two other prospective multicenter randomized tri-
als were designed to assess the adjunctive benefit of  
catheter ablation in patients with previous myocardial 
infarction who received an ICD for secondary preven-
tion of  VT[46,47]. In both studies, enrolled patients were 1:1 
randomly assigned to receive only an ICD or catheter ab-
lation and an ICD. In the first study[46], named SMASH-
VT, ablation was based on substrate mapping and the 
primary end-point was survival free from any appropri-
ate ICD therapy. Over 46 mo, 128 patients with both 
mappable and “unmappable” VT were enrolled in three 
centers and followed up for 22 ± 5 mo. In the group of  
patients who received ablation + ICD, survival free from 
ICD therapy was significantly higher than that in the 
group who received only ICD and, interestingly, mortal-
ity was not increased in the first group compared to the 
second group. The second study[47], named VTACH, en-
rolled 107 patients with postinfarction mappable VT in 
16 European centers. The ablation procedure was based 
on activation or substrate mapping with the use of  three-
dimensional mapping systems in all cases. During a mean 
follow-up of  22 ± 9 mo, time to recurrence of  VT or 
VF, the primary end-point, was longer in the ablation + 
ICD group than in the ICD only group, with no deaths 
within 30 d of  the procedure. Interestingly, at 2 years, 
survival free from VT or VF was better in the ablation 
group as compared to the control group. Moreover, the 
benefit of  ablation was mainly observed in the group 
of  patients with an ejection fraction between 30% and 
50%, in which the difference in survival between the two 
groups reached high statistical significance. These two 
randomized studies confirm that, in patients with postin-
farction mappable or “unmappable” VTs and impaired 
left ventricular function, early ablation based on activa-
tion or substrate mapping, far from being overtreatment, 
significantly reduces the appropriate ICD interventions 
with no impact on mortality related to the ablation pro-
cedure.

Catheter ablation of arrhythmic storms
Electrical storms are frightening events, characterized by 
multiple episodes in a relatively short time of  intractable 
ventricular arrhythmias resulting in multiple appropriate 
ICD shocks with poor short- and long-term prognosis. 
Multiple reports highlight the crucial role of  catheter 
ablation to control these arrhythmic storms and restore 
stable sinus rhythm[48-51]. Electrical storms usually occur 
in very sick patients with poor left ventricular function 
(ejection fraction < 30%), multiple co-morbidities, multi-
ple morphologies of  VT with heart rate of  approximately 
160 beats per minute. In some cases, these patients 
require immediate attention and the catheter ablation 
procedure is performed within the first 24 h after hos-

pital admission[51]. During the same admission, multiple 
procedures (up to 3) may be necessary to control the 
electrical storm[48]. Electrical storms can be suppressed 
in 84%-100% of  cases and during a mid-term follow-
up the percentage of  patients free from electrical storms 
and from any VT was 74%-94% and 48%-69%[48-51], 
respectively. Interestingly, the worst results in term of  
suppression of  the electrical storm and, in general, of  
VT recurrences were obtained in patients presenting with 
an electrical storm associated with cardiogenic shock, 
despite the use in this subset of  patients of  the most so-
phisticated techniques and technologies[48]. Occasionally, 
inability to terminate the clinical incessant VT may result 
in electromechanical dissociation and death during the 
ablation procedure[51]. After the procedure, recurrence 
of  electrical storm may require drastic countermeasures, 
such as implantation of  ventricular assist device as a 
bridge to heart transplantation[50]. During follow-up, the 
mortality rate can be as high as 30%[49,50] and is mainly 
due to progression of  heart failure. Low ejection fraction, 
increased left ventricular end-diastolic diameter and renal 
insufficiency are predictors of  death[50].

Complications
In several studies on catheter ablation of  VT, the report-
ed complication rate was about 7%, higher than that for 
ablation of  supraventricular arrhythmias. This is mainly 
due to the associated severe underlying heart disease in 
many of  these patients. Major and minor complications 
related to VT ablation are reported in Table 2. Impor-
tantly, procedure-related death has a non negligible preva-
lence, accounting for up to 3%[44]. In these patients, death 
is mainly related to the occurrence of  uncontrollable fast 
VT leading to irreversible cardiogenic shock and cardiac 
arrest. Death can occur during or soon after the ablation 
procedure. Irreversible cardiogenic shock may also be 
observed after successful ablation for a long-lasting inces-
sant VT, when the patient is in stable sinus rhythm and is 
related to the end-stage condition of  the patient[20]. Clini-
cal experience is required to select appropriate candidates 
for the procedure and to avoid ablation in those who are 
too sick to benefit. Moreover, expertise and team work 
with a heart failure specialist is needed to manage patients 
with critically depressed left ventricular function before, 
during and after the procedure.

Table 2  Common complications related to catheter ablation 
of ventricular tachycardia

Peripheral vascular injuries
Thromboembolic events
Pericardial effusion 
Cardiac perforation and tamponade
Injuries to valve and subvalvular apparatus
Atrioventricular or bundle branch block
Injuries to coronary arteries and myocardial ischemia
New onset ventricular arrhythmias
Cardiogenic shock 
Death
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NEW TECHNIQUES AND TECHNOLOGIES 
FOR CATHETER ABLATION OF VT 
As previously mentioned the best results for catheter 
ablation of  VT associated with structural heart disease 
are obtained using three-dimensional mapping and ir-
rigated tip ablation. The first technology allows accurate 
characterization of  the arrhythmogenic substrate during 
activation and/or substrate mapping, while the second is 
of  crucial importance in delivering radiofrequency energy 
in an efficient and safe way and to abolish the arrhythmo-
genic substrate. Currently, these technologies are routinely 
used in the vast majority of  centers. Over the last decade, 
new techniques and technologies have been developed 
and introduced in clinical practice. They have proved ef-
fective in improving procedure parameters and/or clinical 
outcomes and can be particularly useful in the manage-
ment of  cases refractory to standard ablation. 

Epicardial approach
Percutaneous access to the pericardial space using a regu-
lar vascular sheath was originally described by Sosa[52]. 
Alternatively, the epicardial space can be accessed using a 
minimally invasive subxiphoid surgical approach[53,54]. An 
epicardial or sub-epicardial arrhythmogenic substrate is 
expected in approximately 10% and 30% of  cases with 
ischemic and non-ischemic cardiomyopathies, respec-
tively[55]. In a multicenter study, epicardial ablation was 
performed in 13% of  patients undergoing VT ablation[56]. 
An epicardial origin of  VT should be suspected when the 
QRS morphology shows a delta wave and/or a prolonged 
intrinsicoid deflection. Recently, it has been reported that 
in patients with a left ventricular cardiomyopathy, endo-
cardial unipolar voltage mapping is able to identify a pos-
sible epicardial arrhythmogenic substrate for the greater 
field of  view of  the minimally filtered unipolar recordings 
as compared to bipolar recordings[57]. Epicardial access is 
clearly indicated when an endocardial approach including 
transvenous epicardial mapping through the coronary 
sinus and its sub-branches has failed. Percutaneous ac-
cess to pericardial space is obtained usually under general 
anesthesia using a needle designed for epidural access. 
After positioning of  a regular vascular sheath, an ablation 
catheter can be inserted and manipulated to map the epi-
cardial surface of  the heart. Irrigated-tip ablation is usu-
ally preferred, but this requires periodic aspiration of  the 
saline used for irrigation, because it accumulates in the 
pericardial space. Epicardial fat, detected during mapping 
as a low voltage area, may affect the quality of  mapping 
data and, at the same time, prevent radiofrequency energy 
delivery directly to the epicardial surface. In the case of  
intramural arrhythmogenic substrate, embedded deep in 
the layers of  the left ventricular wall, a combined epi- and 
endocardial ablation may be required. Three publications 
focusing on epicardial access for VT ablation report data 
on a total of  247 epicardial procedures[56,58,59]. Success in 
abolishing VT was obtained in 76%-78%, and recurrenc-
es during follow-up were observed in 26%-47% of  cases. 

Complications related to epicardial access were pericardi-
tis and right ventricular puncture with pericardial bleed-
ing, while complications related to epicardial ablation 
were phrenic nerve injury and coronary artery occlusion. 
To avoid these latter complications, it is mandatory to lo-
calize the phrenic nerves by pacing and coronary arteries 
by angiography before radiofrequency energy is delivered. 
It is important to underline that in these two studies[56,59] 
in roughly one fourth of  cases undergoing or referred for 
an epicardial procedure, ablation was performed only at 
an endocardial site because it was eventually considered 
the most suitable site for ablation. For this reason, and 
due to the difficulties that can be encountered in access-
ing the pericardial space, and the complications including 
death[58,59] that may be observed, the need for an epicar-
dial procedure should be carefully evaluated after failure 
of  the endocardial approach. 

Imaging integration
During the procedure, a pre-acquired three-dimensional 
rendering of  a computed tomography or magnetic reso-
nance scan of  the heart can be imported in the electro-
anatomic system[60]. Once the three-dimensional image 
is correctly integrated, it is possible to navigate the map-
ping/ablation catheter in the high resolution image of  a 
given heart chamber. In this way, complete reconstruction 
of  the ventricular chamber is facilitated during activation 
or substrate mapping[61]. 

Integration of  a computed tomography image is par-
ticularly useful, because it shows the course of  the coro-
nary artery, the size of  the ventricular chamber and stra-
tegic landmarks. Visualization of  the coronary vessels is 
necessary when an epicardial approach is performed and 
helps avoid ablation close to a coronary artery branch, 
which may result in acute myocardial ischemia[62-64]. In 
patients with peculiar anatomy, such as patients with 
multiple prior surgical intervention for correction of  a 
congenital heart disease or with large aneurysms[64], a pre-
acquired computed tomography image integrated into 
the electroanatomic map helps orient mapping. Figure 3 
shows imaging integration of  a computed tomography 
scan of  the right ventricle in a case of  post-Fallot VT. 
During substrate mapping in sinus rhythm, the computed 
tomography image guided reconstruction of  the right 
ventricular outflow tract and allowed correct identifica-
tion of  the plane of  the pulmonary valve, an essential 
landmark in the approach of  this type of  VT. This also 
facilitated localization of  the channels of  slow conduc-
tion related to the VT. 

Delayed gadolinium-enhancement magnetic imaging 
identifies areas of  fibrosis in the ventricular myocardium 
in patients with structural heart disease. When integrated 
in the electroanatomic systems, it provides topography 
and transmural extent of  the fibrotic tissue and, hence, 
of  the low voltage areas, simplifying the identification of  
the arrhythmogenic substrate during voltage mapping in 
sinus rhythm[65,66]. This is expected to significantly shorten 
mapping time, increase the success rate and reduce the 
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complication rate. In general, ICD and claustrophobia 
are considered contraindications for magnetic resonance 
imaging. However, using appropriate precautions this 
imaging modality is possible even in ICD patients, who 
represent a vast proportion of  candidates for VT abla-
tion[38,66].

Remote magnetic navigation
A sophisticated device which consists of  two magnets on 
each side of  the patient’s torso makes it possible to ma-
neuver a special catheter with magnetic sensors by chang-
ing the direction of  the magnetic field around the patient’
s chest[67]. The ablation/mapping catheter is maneuvered 
by the operator via a computerized system, which can 
be located remote from the patient’s bed, to avoid radia-
tion exposure for the operator. One of  the advantages 
of  this system is the peculiar flexibility of  the catheter, 
which therefore can be magnetically guided and stably 
positioned in sites difficult for standard catheters, such 
as the coronary cusps and the right ventricular outflow 
tract[68,69]. Single center studies show that in VT patients, 
endocardial and epicardial mapping and ablation using 
this system is safe and feasible with minimal radiation ex-
posure for the patient[70,71]. It has been recently reported 
that remote magnetic navigation may be more effective 
than manual ablation[72]. On the other hand, the disadvan-
tages of  this system are mainly represented by costs and 
the need for appropriate location and magnetic shielding. 

Alternative energy sources
As previously mentioned, irrigated tip ablation is a stan-
dard procedure both for endocardial and epicardial VT 
ablation. In antiarrhythmic surgery for VT, cryothermal 
energy was used to complement endocardial resection[4]. 
When applied percutaneously, cryothermal energy pro-
duces a more discrete lesion with less collateral damage 
to adjacent structures as compared to radiofrequency 
energy. Percutaneous cryoablation of  VT associated with 
postinfarction ischemic cardiomyopathy has proved ef-
fective and safe, although a higher recurrence rate may be 
encountered, probably related to the smaller lesion size[73]. 

Ethanol injection in a coronary artery branch was 
proposed more than two decades ago to produce a con-
trolled necrosis of  the ventricular myocardium where 
the VT originates. This option can be used today[74], but 
it should be limited to very selected cases refractory to 
other approaches due to the high risk of  complications 
including reflux of  ethanol in other coronary branches, 
which results in a large necrosis of  the ventricular myo-
cardium. 

Currently, ultrasound, laser, and radiation energy are 
under investigation to evaluate whether these energy 
sources can produce a larger lesion in a safe way, in order 
to treat patients refractory to conventional ablation. Gene 
therapy to modify the electrical properties of  the arrhyth-
mogenic substrate to prevent ventricular arrhythmias is 
currently under investigation, however, we are still far 
from having a clinical application[75].

CONCLUSION
Catheter ablation is effective and safe in abolishing re-
current VTs associated with structural heart disease, al-
though it may not be a curative and stand-alone therapy. 
New techniques and technologies introduced over the 
last decade have made ablation possible even in cases of  
“unmappable” VT and, in general, they have improved 
the success rate of  VT ablation. The complication rate, 
including death, is significantly higher than that for supra-
ventricular arrhythmias. This is mainly due to the severity 
of  the underlying heart disease and clinical conditions 
before the ablation procedure. Finally, in patients with a 
structural heart disease, VT ablation should not be the 
last resort after a long history of  multiple ICD shocks 
despite high-dose amiodarone. Recent data show that the 
VT-free survival is significantly higher in patients who are 
referred early for ablation of  recurrent VTs[76].
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Abstract
Bleeding is the most important complication of oral an-
ticoagulation (OAC) with vitamin K-antagonists. Whilst 
bleeding is unavoidably related to OAC, it may have a 
great impact on the prognosis of treated subjects by 
leading to discontinuation of treatment, permanent dis-
ability or death. The yearly incidence of bleeding during 
OAC is 2%-5% for major bleeding, 0.5%-1% for fatal 
bleeding, and 0.2%-0.4% for intracranial bleeding. 
While OAC interruption and/or antagonism, as well as 
administration of coagulation factors, represent the 
necessary measures for the management of bleeding, 
proper stratification of the individual risk of bleeding 
prior to start OAC is of paramount importance. Several 
factors, including advanced age, female gender, poor 
control and higher intensity of OAC, associated dis-
eases and medications, as well as genetic factors, have 
been proven to be associated with an increased risk of 
bleeding. Most of these factors have been included in 
the development of bleeding prediction scores, which 
should now be used by clinicians when prescribing 
and monitoring OAC. Owing to the many limitations of 
OAC, including a narrow therapeutic window, cumber-

some management, and wide inter- and intra-individual 
variability, novel oral anticoagulants, such as factor Xa 
inhibitors and direct thrombin inhibitors, have been 
recently developed. These agents can be given in fixed 
doses, have little interaction with foods and drugs, and 
do not require regular monitoring of anticoagulation. 
While the novel oral anticoagulants show promise for 
effective thromboprophylaxis in atrial fibrillation and ve-
nous thromboembolism, definitive data on their safety 
and efficacy are awaited.
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INTRODUCTION
The purpose of  oral anticoagulation (OAC) therapy is 
to induce a controlled depression of  blood coagulability 
in order to reduce the risk of  thromboembolic compli-
cations in clinical conditions such as atrial fibrillation, 
mechanical heart valves, deep vein thrombosis and pul-
monary embolism, and cardiogenic stroke. While newer 
oral anticoagulants, such as direct thrombin inhibitors (i.e., 
dabigatran) and direct factor Xa inhibitors (i.e., apixaban, 
rivaroxaban), have been recently evaluated in the clinical 
setting[1-5], vitamin K antagonists (VKAs), such as warfa-
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rin, acenocoumarol, and phenprocoumon, currently rep-
resent the standard drugs for OAC therapy.

The anticoagulant effect of  VKAs is a consequence 
of  their interference with the cyclic interconversion of  
vitamin K and its epoxide, by means of  the inhibition 
of  the vitamin K epoxide reductase enzyme (VKORC1), 
which in turn, is essential for the gamma-carboxylation 
of  vitamin K-dependent coagulation factors, including 
factor Ⅱ, Ⅶ, Ⅸ and Ⅹ[6] (Figure 1). While acenocouma-
rol and phenprocoumon are preferred in some countries, 
warfarin is the VKA most commonly used in clinical 
practice[6]. Warfarin is a racemic mixture of  two optically 
active isomers, the R and S enantiomers[6]. It is rapidly 
absorbed from the gastrointestinal tract, has high bio-
availability, and reaches its maximal blood concentration 
about 90 min after oral administration[6]. Racemic warfa-
rin has a half-life of  36-42 h, as compared to 8-24 h for 
acenocoumarol, and 80-270 h for phenprocoumon, cir-
culates bound to plasma proteins, and accumulates in the 
liver, where the two enantiomers are metabolized by dif-
ferent pathways[6]. The S enantiomer, which is about three 
times more potent than the R enantiomer, is primarily 
metabolized by the CYP2C9 enzyme of  the cytochrome 
P450 system, whereas the R enantiomer is metabolized 
by the CYP1A2 and CYP3A4 enzymes[6].

In order to maximize protection against thromboem-
bolic complications while minimizing the risk of  bleed-
ing associated with VKA therapy, the intensity of  OAC 
should be maintained within a narrow therapeutic range 
(TTR). Apart from non-bileaflet mechanical heart valves 
and mechanical heart valves in the mitral position, where 
a higher intensity of  OAC therapy is required, an inter-
national normalized ratio (INR) of  2.0-3.0 has long been 
identified as the optimal TTR for most clinical conditions 
at risk for thromboembolic events[6]. Nonetheless, bleed-
ing represents the major complication of  OAC therapy, 
even when OAC is properly prescribed[7].

INCIDENCE OF BLEEDING
The reported incidence of  bleeding during OAC therapy 
with VKAs is highly variable in published studies. This 
variability may be accounted for by the differences in the 
definition and classification of  bleeding (Table 1). More 
importantly however, the differences in the reported 
hemorrhagic rates are more likely to be attributed to 
differences in study design and patient population. In 
randomized clinical trials, where highly selected patients 
are enrolled, rates of  bleeding are expected to be lower 
than in observational studies, where patients commonly 
encountered in clinical practice, including those with 
individual risk factors for bleeding, are included. As an 
example, in six pivotal trials evaluating the effect of  war-
farin compared to placebo in patients with atrial fibril-
lation, only 12.6% out of  the 28 787 patients screened 
were finally included[8]. Whether or not monitoring of  
OAC therapy is carried out in specialized services, where 
a better and more stable control of  the INR is generally 

achieved, may also have an impact on the occurrence of  
bleeding complications[9].

The expected incidence of  bleeding during long-term 
VKA therapy is about 10%-17% per year for all events, 
2%-5% per year for major bleeding, and 0.5%-1% per 
year for fatal bleeding[10]. The reported occurrence of  
intracranial hemorrhage (ICH), which represents the 
mostly feared bleeding complication of  VKA therapy 
because of  its high disability and/or fatality rate, is in the 
range of  0.2%-0.4% per year[7,11]. 

CLINICAL IMPACT AND MANAGEMENT 
OF BLEEDING
The occurrence of  bleeding during OAC therapy with 
VKAs has relevant prognostic and management impli-
cations. Major bleeding can be life-threatening, such as 
when occurring at critical sites like the head, the pericar-
dium or the pleura, or when leading to the development 
of  hemorrhagic shock. Also, major bleeding complica-
tions are generally associated with VKA discontinua-
tion, which in turn, contributes to adverse outcomes 
by leaving the patient exposed to an increased risk of  
thromboembolism. In a recent meta-analysis of  clinical 
trials reporting on OAC therapy with VKAs for venous 
thromboembolism, a case-fatality rate of  major bleeding 
of  13.4% (95% CI: 9.4%-17.4%) has been reported in 
all patients, with a rate of  ICH of  1.15% per year (95% 
CI: 2.5%-21.7%)[12]. Regardless of  the severity however, 
hemorrhagic complications of  OAC therapy with VKAs 
may be important for the related inconvenience to the 
patients. The perceived higher risk of  bleeding of  VKA 
therapy limits its more widespread use, therefore exclud-
ing many patients from the benefits of  such therapy. It 
has been shown that the occurrence of  VKA-associated 
adverse events has an impact on the prescribing of  this 
treatment, since physicians are less likely to prescribe 
VKAs after observing a bleeding complication during 
VKA treatment in their patients[13].
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Figure 1  Mechanism of action and metabolism of warfarin. VKORC1: Vita-
min K epoxide reductase enzyme.



Management of  bleeding occurring during OAC 
therapy with VKAs generally consists of  discontinuation 
and/or antagonism of  VKAs, as well as of  local mea-
sures (i.e. endoscopic treatment and/or surgical hemosta-
sis) and proper transfusion procedures. Discontinuation 
of  VKAs allows for subsequent normalization of  INR, 
which may require several hours owing to the prolonged 
half-life of  VKAs. According to available data, tempo-
rary interruption of  VKA therapy because of  major 
bleeding or trauma appears not to be associated with an 
increased risk of  subsequent thromboembolic complica-
tions[14,15]. In a population of  28 patients with prosthetic 
heart valves receiving warfarin and hospitalized for major 
hemorrhage who were retrospectively evaluated, discon-
tinuation of  OAC therapy for 1 d to > 3 wk (mean dura-
tion 15 ± 4 d) was not associated with thromboembolic 
complications at 6-mo follow-up[14]. In a retrospective, 
population-based, cohort study evaluating 8450 patients 
aged > 65 years on warfarin for various reasons and sur-
viving a major trauma, the incidence of  stroke at a mean 
follow-up of  3.3 years did not differ between patients 
who discontinued warfarin as compared to those who 
continued warfarin [hazard ratio (HR), 0.99; 95% CI: 
0.82-1.21], while the incidence of  major hemorrhages 
was significantly lower (HR, 0.69; 95% CI: 0.54-0.88) 
and that of  venous thromboembolism was significantly 
higher (HR, 1.59; 95% CI: 1.07-2.36)[15]. Antagonism of  
the VKA anticoagulation effect is obtained by directly 
administering vitamin K[16]. Vitamin K can be given orally 
or intravenously, with the parenteral route having the 
advantage of  a more rapid onset of  action[17]. After intra-
venous administration of  vitamin K, the INR will start to 
drop within 2 h and will be normalized within 12-16 h[18], 
whereas after oral administration it will take up to 24 h to 
normalize the INR[19]. While low (1-2.5 mg) to moderate 
(2.5-5 mg) doses of  vitamin K given orally are indicated 
for the management of  non-emergency bleeding, slow 
intravenous infusion of  10 mg vitamin K should be given 
in emergency situations[6]. Higher doses of  vitamin K are 
equally effective but may induce resistance to VKAs for 
more than 1 wk[20], and are therefore not recommended. 
In emergency situations, immediate correction of  high 
INR should be pursued also by the administration of  vi-
tamin K-dependent coagulation factors. These factors are 
present in fresh frozen plasma, which however is incon-
venient to use owing to the very large amount needed, 

the prolonged time required for administration, and the 
associated risk of  fluid overload[21]. Therefore, prothrom-
bin complex concentrates, most of  which contain all vi-
tamin K-dependent coagulation factors, are more useful 
and should be administered either according to fixed dose 
schemes or, preferably, by individualized dosing regimens 
based on INR value and body weight[22]. 

RISK FACTORS FOR BLEEDING
Numerous factors, including individual characteristics, 
intensity, timing and quality of  OAC therapy, and use 
of  concomitant medications, have been established as 
impacting on the risk of  bleeding during VKA treatment 
(Table 2).

Age
In most studies, older age has consistently shown to in-
crease the risk of  bleeding[11]. As compared to younger 
patients, elderly patients have about a 5-fold higher in-
cidence of  major and fatal bleeding (3.2% and 0.64% 
per year vs 0.6% and 0.12% per year, respectively)[23]. 
Importantly, the risk of  ICH is particularly increased in 
subjects of  advanced age[24]. In patients aged ≥ 85 years 
an adjusted odds ratio of  2.5 (95% CI: 2.3-9.4) for ICH 
has been recently reported in comparison to a reference 
group of  patients of  70-74 years[25]. Elderly patients are 
at higher risk of  bleeding for several reasons, including 
the lower dose of  anticoagulant required for effective an-
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Table 1  Different definitions of major bleeding in various studies

Ref. Clinical setting Definition

Landefeld et al[53] Various Fatal, life-threatening, potentially life-threatening, causing severe blood loss, leading to surgical treatment or 
moderate acute/subacute blood loss not explained by surgery/trauma

Palareti et al[32] Various Fatal intracranial (documented by imaging); ocular (with blindness); articular; retroperitoneal; requiring 
surgery/angiographic intervention; associated to Hb decrease ≥ 2 g/dL or need for ≥ 2 blood units transfusion

Beyth et al[54] Various Overt bleeding leading to ≥ 2 blood units loss in ≤ 7 d, or life-threatening
Gage et al[55] AF ICD-9CM codes for bleed in any location
Shireman et al[56] AF Hospitalization for “major acute bleeding” (including gastrointestinal or intracranial hemorrhage)

AF: Atrial fibrillation; Hb: Hemoglobin.

Table 2  Factors associated with an increased risk of bleeding

Author

Age > 65-70 yr
Female gender
CYP2C9 and/or VKORC1 gene polymorphism
Higher intensity of anticoagulation (i.e., INR > 4.5)
Labile INR (i.e., TTR < 60%)
Early 90 d of anticoagulation
History of bleeding
Comorbidities (i.e., hypertension, malignancy, liver and/or renal and/
or cardiac failure)
Comedications (i.e., antiplatelet agents, non-steroidal anti-inflammatory 
drugs)

INR: International normalized ratio; TTR: Time within the therapeutic 
range.
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ticoagulation (mainly because of  reduced metabolic clear-
ance)[26], the higher frequency of  pathological changes 
in cerebral vessels, such as leukoaraiosis and amyloid 
angiopathy, which may increase the risk of  ICH[27,28], and 
the increased prevalence of  diverticulosis, malignancy, an-
giodysplasias, and ischemic colitis, which in turn may pre-
dispose to gastrointestinal bleeding. Additionally, elderly 
patients have a higher prevalence of  comorbid conditions 
and are more likely to take interacting drugs[29]. Non-
compliance to VKAs and lack of  a clear understanding 
of  their purpose and actions by older patients[30], who are 
also prone to mental impairment, are additional factors 
which may influence the bleeding rate.

Gender
Female gender has been found to be associated with a 
greater risk of  bleeding during OAC therapy with VKAs 
for atrial fibrillation[31,32], but such an association has not 
been found in another study which enrolled patients with 
various indications for VKA anticoagulation[33]. 

Intensity and quality of anticoagulation
Although bleeding complications are not always related 
to a high intensity of  anticoagulation and may occur even 
with INR values lower than 2.0, the target intensity of  
anticoagulation, and especially the actually achieved in-
tensity, have long been recognized as major determinants 
of  anticoagulation-related hemorrhages[11]. The increase 
in bleeding becomes exponential for INR values > 4.5, 
while the lowest rate is observed with INR values be-
tween 2.0 and 3.0[32]. The risk of  death is also related to 
INR values with a minimum risk at INR 2.2[34]. High INR 
values are associated with an excess in mortality as well 
with a 2-fold increase in risk for one unit increase in INR 
above 2.5[34].

The initiation phase of  anticoagulation, and especially 
the first 90 d of  treatment, are associated with a higher 
incidence of  bleeding[32,35]. Factors including the unmask-
ing of  occult lesions at the beginning of  anticoagulation 
and/or less adequacy of  dose adjustments in that period 
may account for this finding.

The quality of  anticoagulation, as expressed by the 
time spent within the TTR, is another important variable 
influencing the likelihood of  hemorrhagic complications. 
A strong relationship between TTR and bleeding, as well 
as thromboembolic complications, has consistently been 
reported in different patient populations and different 
intensity ranges[6]. Both major bleeding and mortality 
rates have been reported to be significantly higher in pa-
tients with TTR < 60% (3.85% and 4.20%, respectively) 
compared to those with TTR > 75% (1.58% and 1.69%, 
respectively)[36]. Apart from the application of  general 
measures, like patient information and education and use 
of  coumarin derivatives with a longer half-life, such as 
warfarin and phenprocoumon[37-39], achievement of  good 
anticoagulation control may be better obtained by moni-
toring the treatment at specialized coagulation services or 
by patients themselves[6,40]. 

Comorbid conditions and comedications
Both as a marker of  increased patient frailty and cause 
of  concomitant use of  other medications, the presence 
of  comorbidities represents another factor potentially 
increasing the risk of  bleeding during OAC therapy with 
VKAs. Apart from previous bleeding (especially in the 
gastrointestinal tract), which is the most potent predic-
tor of  recurrent hemorrhagic complications, congestive 
heart failure, hepatic or renal failure and diabetes have 
been identified as conditions associated with major bleed-
ing[41,42]. Blood pressure control is also a critical factor 
for hemorrhagic complications during VKAs therapy. 
Among anticoagulated patients experiencing bleeding 
complications, a higher prevalence of  history of  hy-
pertension has been frequently reported compared to 
patients with no previous bleeding[43]. Therefore, strict 
monitoring and control of  blood pressure is warranted 
to reduce the risk of  major hemorrhagic complications. 
More time spent above the intended intensity of  OAC 
and wide and unpredictable fluctuations of  the INR 
have been observed in patients with malignancies, which 
should also be regarded as risk factors for bleeding dur-
ing VKA anticoagulation[44]. 

Among concomitant drugs frequently taken by pa-
tients on OAC therapy, antiplatelet agents are the most 
important because of  the additional inhibitory effect 
on the anticoagulation system. Such an effect is of  high 
clinical relevance because of  the frequent coexistence, 
especially in elderly patients, of  conditions such as atrial 
fibrillation or venous thromboembolism and coronary ar-
tery disease, where both VKAs and antiplatelet agents are 
indicated. Indeed, a relative risk of  major bleeding of  2.5 
(95% CI: 1.7-3.7) has been reported for the association of  
VKAs and aspirin[45]. An increasingly important subset of  
OAC patients potentially at increased bleeding risk is rep-
resented by those with an acute coronary syndrome and/
or undergoing percutaneous coronary intervention with 
stent implantation, in whom a course of  dual antiplatelet 
therapy with aspirin and clopidogrel is necessary to pre-
vent stent thrombosis and/or ischemic recurrences. These 
patients represent 5%-10% of  the whole population 
undergoing percutaneous coronary revascularization and 
appear exposed to a higher risk of  major bleeding, which 
apparently increases with prolongation of  treatment[46,47]. 
While waiting for solid data on drug combinations, such 
as VKAs plus clopidogrel[48], in patients on triple therapy 
of  VKA, aspirin and clopidogrel, meticulous care should 
be exerted (1) to prolong this regimen for as short as pos-
sible (therefore avoiding the implantation of  drug-eluting 
stents for which a duration of  6-12 mo of  clopidogrel 
therapy is recommended)[49]; (2) to target an INR at the 
lower end (i.e., between 2.0 and 2.5) of  the TTR; (3) to 
frequently review the patient and test the INR; and (4) to 
extensively use gastric protective agents[46,47]. 

Genetic factors
Recent advances in the pharmacogenetics of  VKAs have 
greatly increased the understanding of  their mechanism 
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of  action and of  the known broad inter-individual vari-
ability in VKA response. It is now known that at least 
30 genes are involved in the metabolism and action of  
warfarin, and some polymorphism of  genes encoding for 
VKORC1 and CYP2C9 enzymes is present[6,50]. While 
mutations of  VKORC1 are associated with different sen-
sitivities to VKA, polymorphism of  CYP2C9 can cause 
a delayed stabilization of  VKA treatment[11]. Indeed, CY-
P2C9 variants are significantly more frequent among pa-
tients with an unstable response to VKAs[30] who achieve 
a stable dose significantly later, spend significantly more 
time above the therapeutic INR range in the initial phase 
of  treatment, and have higher risk of  having INR values 
> 5.0 as compared to non-carrier patients[50]. Owing to 
the reported association between gene variants and risk 
of  bleeding and dose requirements in the initial phase 
of  anticoagulation[51], several dosing algorithms based on 
VKORC1 and CYP2C9 genotypes have been proposed, 
although not integrated yet in clinical practice, to assist 
initiation of  VKA treatment[52]. 

BLEEDING RISK SCORES
Stratification of  the individual bleeding risk prior to ini-
tiation of  OAC therapy with VKAs is another important 
measure to adopt for prevention of  hemorrhagic compli-
cations[53]. To assist clinicians in this task, several schemes 
have been developed (Table 3).

The modified outpatient bleeding risk index (mOBRI) 
has been prospectively derived and extensively validated 
in patients with different indications for VKAs[54]. Also, 
the mOBRI was evaluated in a “real-life” setting of  an-
ticoagulation monitoring (i.e., primary care physicians or 
pharmacist-run anticoagulation clinic) and the assessment 
of  bleeding was blinded[54]. The hepatic or renal disease, 
ethanol abuse, malignancy, older, reduced platelet count/
function, re-bleeding, uncontrolled hypertension, anemia, 
genetic factors, excessive fall risk, and stroke score has 
been derived from a retrospective chart review of  na-
tionwide registry data of  patients with atrial fibrillation[55]. 
The retrospective design, the inclusion of  genetic factors 

(which are rarely investigated in common practice), and 
of  anemia and platelet data (also infrequently available), 
limit the usefulness of  this score, as well as the lack of  in-
clusion of  important factors such as the concomitant use 
of  antiplatelet agents and/or other drugs. The schema 
by Shireman et al[56] is also derived from a retrospective 
evaluation of  nationwide registry data, and incorporates 
eight risk factors for bleeding. As regards limitations, the 
follow-up period was relatively short (i.e. 90 d), the out-
come assessment was not blinded, and the quality of  an-
ticoagulation control and the use of  comedications were 
not reported[56]. Finally, the individual determination of  
this score requires a complex mathematical calculation, 
which makes it rather impractical[56]. The hypertension, 
abnormal liver or renal function, stroke, bleeding, labile 
INRs, elderly, drugs or alcohol (HAS-BLED) score has 
been recently developed for patients with atrial fibril-
lation, based on the prospective Euro Heart Survey on 
atrial fibrillation[57]. Compared with the previous three 
scores, the HAS-BLED score was recently demonstrated 
to have better predictive ability for bleeding among all pa-
tients enrolled in the SPORTIF Ⅲ and Ⅴ trials, as well as 
among warfarin-naïve patients and patients treated with 
warfarin and aspirin[58]. The HAS-BLED score appears 
easy and user-friendly for everyday application, owing to 
the small number of  variables to memorize and the com-
mon availability of  all the information required for risk 
calculation. Finally, the HAS-BLED score allows for peri-
odical re-assessment of  a patient’s bleeding risk as it also 
takes into account the quality of  INR control.

When applying the different bleeding scores, a wide 
variability in the prevalence of  patients determined to be 
at low-, moderate-, and high-risk is observed because of  
differences in the risk factors comprising each schema, 
the various definitions of  major bleeding, the different 
lengths of  follow-up in the cohorts, and the different 
populations evaluated in the studies. Furthermore, no 
data on the impact of  these scores on patient outcomes 
are currently available, so that none of  the proposed 
bleeding risk scores can currently be recommended for 
widespread clinical use. Nonetheless, it must be empha-
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Table 3  Most popular bleeding risk prediction scores

Author Ref. Calculation Risk classification 

mOBRI [54] Age ≥ 65 yr, previous stroke, GI bleed in the last 2 wk, ≥ 1 of the following: recent MI, 
hematocrit < 30%, creatinine > 1.5 mg/dL, diabetes)

Low: 0 points
Intermediate: 1-2 points

1 point each High: ≥ 3 points
HEMORR2HAGES [55] Hepatic or renal disease, ethanol abuse, malignancy, older, reduced platelet count/function, 

re-bleeding, uncontrolled hypertension, anemia, genetic factors, excessive fall risk, and stroke
Low: 0-1 points
Intermediate: 2-3 points

1 point each and 2 points for previous bleed High: ≥ 4 points
Shireman et al [56] (0.49 × age ≥ 70 yr) + (0.32 × female gender) + (0.58 × remote bleed) + (0.62 × recent bleed) 

+ (0.71 × alcohol/drug abuse) + (0.27 × diabetes) + (0.86 × anemia) + (0.32 × antiplatelet 
therapy)

 Low: ≤ 1.07 points
Intermediate: < 1.07 to 
< 2.19 points

1 point each High: ≥ 2.19 points
HAS-BLED [57] Hypertension (SBP > 160 mmHg), abnormal renal/liver function, stroke, history of bleeding, 

labile INR, elderly age (> 65 yr), drugs (antiplatelets/NSAIDs/alcohol)
Low: 0-1 points
Intermediate: 1-2 points

1 point each High: ≥ 3 points

GI: Gastrointestinal; MI: Myocardial infarction; SBP: Systolic blood pressure; NSAIDs: Non-steroidal antiinflammatory drugs.
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sized that bleeding risk stratification should represent an 
integral part of  the management of  OAC therapy, and 
application of  these scores may assist clinicians in their 
decision-making in everyday clinical practice.

NOVEL ORAL ANTICOAGULANTS
While VKAs are the standard drugs for OAC therapy, 
they have several major limitations, including the narrow 
therapeutic window, the cumbersome management, and 
the wide inter- and intra-individual variability. Therefore, 
more effective and/or safer and/or easier to use oral an-
ticoagulants have long been sought. Recently, two main 
classes of  new non-VKA oral anticoagulants (i.e. factor 
Xa-inhibitors and direct thrombin inhibitors) have been 
developed. These agents can be given in fixed doses, have 
little interaction with foods and drugs, and do not require 
regular monitoring of  anticoagulation[59]. 

Apixaban, rivaroxaban and edoxaban are orally ac-
tive, direct inhibitors of  factor Xa. While being currently 
evaluated in several large, double-blind trials in patients 
with atrial fibrillation or venous thromboembolism, some 
evidence about the efficacy and safety of  these drugs 
has already been reported. In the EINSTEIN-DVT and 
EINSTEIN-Extension studies[1], 3449 patients with acute 
deep vein thrombosis received, in an open-label manner, 
rivaroxaban or standard treatment (i.e. initial course of  
enoxaparin followed by VKAs) for 3, 6 or 12 mo. The 
602 patients who had completed 6 to 12 mo of  treatment 
then entered a double-blind study with randomization 
to rivaroxaban or placebo for an additional 6 or 12 mo. 
In the whole population, the efficacy of  rivaroxaban on 
recurrent venous thromboembolism was non-inferior to 
the enoxaparin/VKA regimen (2.1% vs 3.0%, P < 0.001). 
The safety, as expressed by the on-treatment occurrence 
of  major bleeding, was identical (8.1% in both groups). 
In the extended-treatment group, rivaroxaban was signifi-
cantly more effective (1.3% vs 7.1%, P < 0.001), however, 
there was an increased, albeit non significant, incidence 
of  major bleeding (0.7% vs 0%). In the AVERROES 
trial[2] 5599 patients with atrial fibrillation, who were 
unsuitable for or who were not willing to receive VKAs 
were randomized to apixaban or aspirin. At the 1.1-year 
follow-up, the treatment with apixaban was significantly 
more effective on the incidence of  stroke/systemic 
embolism (1.6% vs 3.7%, P < 0.001). No differences in 
the rates of  major bleeding were observed between the 
apixaban and aspirin groups (1.4% vs 1.2%, P = 0.57). In 
the double-blind ROCKET-AF trial[3], which enrolled > 
14 000 atrial fibrillation patients, and investigated the effi-
cacy (incidence of  stroke/systemic embolism) and safety 
(incidence of  bleeding) of  rivaroxaban compared to war-
farin, rivaroxaban was more effective (1.71% vs 2.16%, P 
< 0.001 for non-inferiority), without no significant differ-
ence in the rate of  major bleeding (3.60% vs 3.45%). 

Dabigatran is an orally active, direct thrombin inhibi-
tor, which has been tested for the long-term treatment 
of  patients with nonvalvular atrial fibrillation and venous 

thromboembolism. In the RE-LY trial, 18 113 patients 
with atrial fibrillation were randomized to two blinded 
doses of  dabigatran against open-label warfarin[4]. At 
2-year follow up, the primary outcome of  stroke and sys-
temic embolism was lower both with low-dose and high-
dose dabigatran compared to warfarin (1.53% and 1.11% 
vs 1.69%, P < 0.001 for non-inferiority and P < 0.001 for 
superiority, respectively). The incidence of  major bleed-
ing was lower in the low-dose group (2.71% vs 3.36%, P 
= 0.03) and similar to warfarin in the high-dose group 
(3.11% vs 3.36%, P = 0.31). Among the 2564 patients 
with acute venous thromboembolism enrolled in the 
double-blind RE-COVER study, dabigatran was as ef-
fective as warfarin for secondary prevention of  recurrent 
venous thromboembolism at 6-mo follow-up (2.4% vs 
2.1%). The incidence of  major bleeding was also compa-
rable in the two groups (1.6% vs 1.9%)[5]. 

In the light of  the promising outcomes, as well as of  
the superior ease of  use, the novel non-VKA oral antico-
agulants represent an attractive alternative to VKAs for 
OAC therapy. Nonetheless, additional data on the impact 
of  the lack of  a method to monitor the intensity of  anti-
coagulation, lack of  a specific antidote, and little informa-
tion regarding the risk/benefit ratio of  their combination 
with more potent antiplatelet agents, such as the increas-
ingly used prasugrel or ticagrelor, are necessarily awaited 
before these drugs can be truly considered substitutes for 
VKAs. 

CONCLUSION
OAC therapy with VKAs is the most effective available 
treatment for prevention of  thromboembolic complica-
tions in frequent clinical conditions, such as atrial fibrilla-
tion, venous thromboembolism, prosthetic heart valves, 
and cardiogenic stroke. Such efficacy comes at the price 
of  an increased risk of  overall, major and ICH bleeding. 
While novel, non-VKA oral anticoagulants, such as direct 
thrombin inhibitors and direct factor Xa inhibitors, have 
been showing promise in the setting of  atrial fibrillation 
and venous thromboembolism, VKA treatment should 
currently be offered to all patients at high risk of  arterial/
venous thromboembolism because of  the established 
benefit outweighing the risk. However, meticulous care 
should be directed towards accurate bleeding risk stratifi-
cation and minimization and/or control of  all the numer-
ous factors known to influence the risk of  hemorrhagic 
complications.
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Abstract
AIM: To investigate the patient characteristics, rela-
tionship between the Logistic EuroSCORE (LES) and the 
observed outcomes in octogenarians who underwent 
surgical aortic valve replacement (AVR).

METHODS: Two hundred and seventy three octoge-
narians underwent AVR between 1996 and 2008 at 
Bristol Royal Infirmary. Demographics, acute outcomes, 

length of hospital stay and mortality were obtained. 
The LES was calculated to characterize the predicted 
operative risk. Two groups were defined: LES ≥ 15 (n  
= 80) and LES < 15 (n  = 193).

RESULTS: In patients with LES ≥ 15, 30 d mortality 
was 14% (95% CI: 7%-23%) compared with 4% (95% 
CI: 2%-8%) in the LES < 15 group (P  < 0.007). De-
spite the increase in number of operations from 1996 
to 2008, the average LES did not change. Only 5% of 
patients had prior bypass surgery. The LES identified 
a low risk quartile of patients with a very low mortal-
ity (4%, n  = 8, P  < 0.007) at 30 d. The overall surgi-
cal results for octogenarians were excellent. The low 
risk group had an excellent outcome and the high risk 
group had a poor outcome after surgical AVR.

CONCLUSION: It may be better treated with trans-
catheter aortic valve implantation. 

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Calcific aortic stenosis is the most common structural 
cardiac disease in an ever growing elderly population. 
Transcatheter aortic valve implantation (TAVI) has now 
become a realistic choice for treating high risk, elderly 
patients and has raised interest in the treatment of  aortic 
valve disease in octogenarians[1-5]. Despite the high mor-
tality and morbidity associated with symptomatic untreat-
ed aortic stenosis, a recent survey showed that over 30% 
of  elderly patients did not receive surgical treatment[6,7].

Conventional surgical aortic valve replacement (AVR) 
can be performed with good success in selected pa-
tients[8-10]. However, increasing age is a significant inde-
pendent predictor of  postoperative mortality[11-14]. The 
perceived risk associated with advanced age and comor-
bidity may have led clinicians to adopt a conservative 
approach to treatment of  critical aortic stenosis[7,11]. The 
presence of  coronary artery disease requiring coronary 
artery bypass grafting (CABG) is a risk factor for surgical 
mortality, when compared with isolated AVR[15]. Frailty 
is also frequently quoted as a risk factor, but is hard to 
quantify. Hence, there is a growing need for risk strati-
fication and evaluation of  outcomes after surgical AVR 
and TAVI in octogenarians in the modern era. 

Thus, whilst there are reports showing acceptable 
overall mortality and morbidity for surgical AVR they 
may still represent a select population[15,16]. Selection crite-
ria for TAVI are clinical and anatomical. With a growing 
number of  TAVI performed worldwide, we considered it 
important to assess the surgical outcomes of  octogenar-
ians undergoing AVR in our institution. We postulated 
that there would be a subgroup of  patients that could be 
identified as being at high risk for surgery by applying the 
risk assessment tool currently used for patient selection 
into our TAVI program. Furthermore, we postulated that 
some patient subgroups with relative contraindications 
such as previous cardiac surgery might be under-repre-
sented.

MATERIALS AND METHODS
Study design
A retrospective review was performed on patients who 
underwent isolated, primary AVR and AVR with CABG 
from 1996 to August 2008 at Bristol Royal Infirmary, 
Bristol, United Kingdom. Clinical details were obtained 
from a central cardiac database. Preoperative demograph-
ics, predictors of  in-hospital mortality and postoperative 
outcomes were documented. Case records were reviewed 
and data relevant for the calculation of  risk score and 
outcomes were verified individually.

The selection of  patients for cardiac surgery was at 
the discretion of  individual referring physicians, cardiolo-
gists and cardiac surgeons. The surgical technique, valve 
selection and implantation technique were determined 
by the individual cardiac surgeon. Postoperative care was 
provided by the intensive care unit, followed by the high 
dependency unit and the cardiac ward. Duration of  stay 

in the intensive care and high dependency units and peri-
operative adverse events were documented in the clinical 
notes.

A Logistic EuroSCORE (LES) of  ≥ 15% is used to 
define “high risk”[2] in the initial TAVI programs. The 
patients were separated into LES ≥ 15% and < 15% 
for analysis. To further quantify the risk, surgical patients 
were also analyzed by quartile of  risk.

Deaths after hospital discharge were obtained by link-
ing with the NHS Strategic Tracing Service (NSTS). 

Definitions
Evidence of  elevation of  cardiac biomarkers (creatine ki-
nase, CK-MB or troponin elevation above 0.05 μg/L) as-
sociated with electrocardiographic changes of  ST depres-
sion or ST elevation identified a myocardial infarction. An 
elevated fasting blood glucose value of  6.9 mmol/L was 
considered sufficient to establish a diagnosis of  diabetes 
mellitus. A serum creatinine value above 200 μmol/L was 
classified as renal impairment. Pulmonary disease included 
chronic obstructive pulmonary disease, asthma and em-
physema. Previous percutaneous coronary intervention 
was defined as coronary angioplasty with or without coro-
nary stent insertion prior to AVR. 

Patients with previous stroke included patients with a 
cerebrovascular accident (CVA) or transient ischemic at-
tack (TIA). CVA was diagnosed with imaging evidence of  
a cerebral infarct with or without a persistent neurologi-
cal deficit. Persistence of  a neurological deficit beyond 
24 h was also defined as a CVA. TIA was diagnosed in 
patients experiencing a transient neurological deficit 
which resolved in 24 h without any long term neurologi-
cal sequelae. Patients with documented evidence of  clau-
dication pain associated with or without an ankle brachial 
pressure index of  0.9 were considered to have peripheral 
vascular disease. 

Coronary artery disease was defined as coronary ar-
teries with > 50%. Depending on the number of  major 
coronary arteries involved, patients were classified as 
having single, double or triple vessel coronary artery dis-
ease. Ejection fraction was quantified by biplane Simpson 
method as a percentage and presented as 3 categories (< 
30%, 30%-49%, 50% and above).

The EuroSCORE and LES were calculated with the 
help of  an online risk calculator (http://www.euroscore.
org/).

Statistical analysis
Continuous measures are summarized by the mean and 
standard deviation, or median and interquartile range 
(IQR) if  the distribution was skewed. Categorical data 
are presented as numbers and percentages. The primary 
comparisons were made between patients with LES < 15 
and those with LES ≥ 15. Binary outcomes were com-
pared using odds ratios (OR) and 95% CI. Survival and 
length of  stay outcomes were compared using hazard ra-
tios (HR) from the Cox proportional hazards model. For 
survival, surviving patients were censored at 2 mo prior 
to the update from NSTS (chosen because the majority 
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of  deaths are reported to NSTS within 2 mo). For hospi-
tal stay, patients who died before discharge were censored 
at the date of  death. Kaplan-Meier survival curves were 
also used to illustrate long-term survival.

Mortality was also compared between (1) quartiles of  
LES; (2) isolated AVR surgery vs AVR + CABG surgery; 
and (3) eras of  time (1996-2000, 2001-2004 and 2005-Au-
gust 2008), with the aim of  reflecting the variability in 
surgical practice and outcomes in the 3 different eras.

The acquired data was anonymized to ensure patient 
confidentiality. All analyses were performed using Stata 
version 10.1 (Stata Co., TX, United States).

RESULTS
Study population
Three hundred and six patients underwent surgical AVR 
between April 1996 and August 2008; 297 case notes 
were examined as 9 notes were not obtainable. Patients 
undergoing double valve replacement (mitral and aor-
tic valve) and complex procedures involving AVR with 
ventricular septal defect closure were excluded from the 
study (Figure 1). A total of  24 patients were excluded due 
to categorization of  some patients in more than one of  
these groups. Therefore 273 patients formed the study 
population, 80 in the group with LES ≥ 15 and 193 in 
the group with LES < 15.

The demographics of  patients in the LES ≥ 15 and 
LES < 15 groups are shown in Table 1. Approximately 
equal numbers of  patients underwent isolated AVR (n = 
140) and AVR with CABG (n = 133).

Surgical outcomes
Outcomes by LES group are shown in Table 2. The 

incidence of  postoperative myocardial infarction, CVA, 
bleeding, infection and the necessity for permanent pace-
maker insertion was similar in both groups, although very 
few patients experienced any of  these complications. 
There was some evidence of  increased renal impairment 
in the LES ≥ 15 group (n = 18, 23%) compared to the 
LES < 15 group (n = 26, 14%), although this was not 
statistically significant at the 5% level (OR, 1.86: 95% CI: 
0.96-3.64). Mortality to 30-d was increased for patients 
with LES ≥ 15 (n = 11, 14% vs n = 8, 4%; OR, 3.69; 
95% CI: 1.42-9.55) and fewer patients were discharged 
home in the LES ≥ 15 group. Long-term survival was 
also reduced in the LES ≥ 15 group (HR, 2.12; 95% CI: 
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Table 1  Patient demographics  n  (%)

All patients 
(n  = 273)

LES < 15 
(n  = 193) 

LES ≥ 15 
(n  = 80)

P  value

Gender (male) 128 (47)   90 (47) 38 (48)    0.900
Age (mean ± SD, yr) 82.7 ± 2.35 82.4 ± 2.21 83.5 ± 2.53 < 0.001
Surgery
   AVR 140 (51) 103 (53) 37 (46)    0.280
   AVR with CABG 133 (49)   90 (47) 43 (54)
Previous MI
   None 231 (85) 180 (93) 51 (64) < 0.001
   ≤ 90 d 26 (10)   6 (3) 20 (25)
   > 90 d 16 (6)   7 (4)   9 (11)
Diabetes mellitus 30 (11)   27 (14) 3 (4)    0.014
Renal impairment 11 (4)   4 (2) 7 (9)    0.011
Previous PCI   4 (2) 0 4 (5)    0.002
Pulmonary disease   47 (17)   21 (11) 26 (33) < 0.001
Prior cardiac surgery 13 (5)   1 (1) 12 (15) < 0.001
CVA/TIA   42 (15)   28 (15) 14 (18)    0.450
PVD 25 (9) 12 (6) 13 (16)    0.009
CAD
   None 135 (50) 100 (52) 35 (44)    0.590
   1 vessel disease   46 (17)   33 (17) 13 (16)
   2 vessel disease   42 (15)   28 (15) 14 (18)
   3 vessel disease   49 (18)   31 (16) 18 (23)
Pathology
   AS 239 (88) 170 (88) 69 (86)    0.680
   AS with mild AR   34 (12)   23 (12) 11 (14)
Valve
   Mechanical 15 (6) 13 (7) 2 (3)    0.160
   Biological 258 (95) 180 (93) 78 (98)
Cardiogenic shock   4 (2) 0 4 (5)    0.002
Ejection fraction
   < 30% 15 (6) 0 15 (19) < 0.001
   30%-49%   62 (23)   37 (19) 25 (31)
   50% and above 196 (72) 156 (81) 40 (50)
EuroSCORE, 
median (IQR)

9 (8-10) 8 (8-9) 11 (10-12)

LES, median (IQR) 11.1 
(8.4-16.6)

9.5 
(7.9-11.6)

20.7 
(17.4-24.9)

Prior cardiac surgery - details of types of surgery: Low risk group [Logistic 
EuroSCORE (LES) < 15] - thoracic surgery (n = 1); High risk group (LES 
≥ 15) - abdominal aortic aneurysm (AAA) repair (n = 1), coronary artery 
bypass grafting (CABG) (n = 5), peripheral vascular disease (PVD) 
surgery (n = 2), carotid endarterectomy (n = 1), other (n = 3). Coronary 
artery disease (CAD) - one patient with missing data (low risk group). P 
values are for comparisons between LES < 15 and LES ≥ 15 groups. PCI: 
Percutaneous coronary intervention; AVR: Aortic valve replacement; MI: 
Myocardial infarction; CVA: Cerebrovascular accident; TIA: Transient 
ischemic attack; AS: Aortic stenosis; AR: Atrial regurgitation; IQR: 
Interquartile range. 

Exclusions (total 24):
AVR for severe regurgitation (n  = 12)
MVR and AVR replacement (n  = 10)
AVR with VSD closure (n  = 9)
(Some patients are classified in more 
than one group)

Notes unavailable 
for 9 patients

273 patients included 
in analysis

Notes examined for 
297 patients

306 patients identified 
as having AVR between 

1996-04-01 and 2008-08-01

Figure 1  Flow chart of study enrollment. The 9 patients for whom notes are 
unavailable: 5/9 were male (56%); Mortality-Nil; Age: mean (SD) = 83.9 (3.7), 
range = 80.2-92.1; EuroSCORE: Median (interquartile range) = 9 (8-10), range 
= 7 to 11. AVR: Aortic valve replacement; MVR: Mitral valve replacement; VSD: 
Ventricular septal defect. 
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1.40-3.22). Median survival time was estimated to be 4.2 
years (IQR, 1.8-5.9 years) in the LES ≥ 15 group and 
8.7 years (IQR, 3.5-11.1 years) in the LES < 15 group. 
The overall duration of  hospital stay was similar in the 2 
groups, although high dependency unit stay was on aver-
age slightly longer in the LES ≥ 15 group.

The LES distribution and 30-d mortality by LES 
quartiles is illustrated in Figure 2. As expected, mortal-
ity increased with increasing LES. Patients in the highest 
quartile were at particular risk (30-d mortality 15%; 95% 

CI: 7%-25%), whilst the lower risk quartiles showed ex-
cellent outcomes. The overall mortality in all risk quartiles 
was below the level predicted by the LES. 

Although there were increasing numbers of  patients 
operated over time, the LES and 30-d mortality of  pa-
tients did not change markedly (Figure 3).

Survival of  AVR patients was similar to that of  AVR 
+ CABG patients; the 30-d mortality of  AVR was 6% 
(95% CI: 3%-11%), and of  AVR + CABG was 8% (95% 
CI: 4%-14%). One-year survival was estimated to be 
91% (95% CI: 85%-95%) in the AVR group compared 
with 82% (95% CI: 74%-88%) in the AVR + CABG 
group. Five-year survival was estimated to be 58% (95% 
CI: 46%-68%) in the AVR group and 57% (95% CI: 
45%-67%) in the AVR + CABG group (Figure 4).

DISCUSSION
This analysis of  surgical outcomes in octogenarians 
demonstrated the spectrum of  operative risk and identi-
fied a low risk cohort with excellent acute and long-term 
results. Age alone should not be used as selection criteria 
for alternative non-surgical aortic valve implantation. 
Whilst the LES did not accurately predict mortality, the 
preoperative classification into lower or higher risk quar-
tiles matched the incidence of  adverse outcomes.

We used our surgical database to identify patients for 
this study. This database includes every patient operated 
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Table 2  Perioperative and postoperative outcomes  n  (%)

All patients (n  = 273) LES < 15 (n  = 193) LES ≥ 15 (n  = 80) Effect (95% CI) P  value

Stroke 13 (5)   8 (4) 5 (6) OR 1.54 (0.49-4.86)    0.460
MI   3 (1)   3 (2) 0
Cardiac tamponade 14 (5)   7 (4) 7 (9) OR 2.55 (0.86.7.52)    0.090
Gastrointestinal bleeding 11 (4)   8 (4) 3 (4) OR 0.90 (0.23-3.49)    0.880
Infection 22 (8) 15 (8) 7 (9) OR 1.14 (0.45-2.91)    0.790
Renal impairment   44 (16)   26 (14) 18 (23) OR 1.86 (0.96-3.64)    0.070
PPM insertion 23 (8) 14 (7)   9 (11) OR 1.60 (0.66-3.87)    0.290
Mortality
   30 d 19 (7)   8 (4) 11 (14) OR 3.69 (1.42-9.55)    0.007
   ≤ 90 d   31 (11) 16 (8) 15 (19) OR 2.55 (1.19-5.46)
   > 90 d 22 (8) 10 (5) 12 (15)    0.020
Discharge
   Home  153 (56) 118 (61) 35 (44)
   Other hospital or Ward   97 (36)   64 (33) 33 (41)
Survival (yr), median (IQR)   6.22 (3.00-10.94)  8.74 (3.54-11.07) 4.19 (1.83-5.94) HR 2.12 (1.40-3.22 ) < 0.001
1 yr postop (95% CI) 87% (82%-90%) 90% (85%-94%) 79% (68%-86%)
5 yr postop (95% CI) 57% (49%-64%) 64% (54%-72%) 40% (26%-55%)
ICU stay
   Median (IQR)      1 (1-3)      1 (1-3)    2 (1-3) HR 0.86 (0.66-1.14)    0.290
   Death pre ICU   6 (2)   2 (1) 4 (5)
HDU stay
   Median (IQR)      3 (1-4)      2 (1-4)    4 (2-5) HR 0.67 (0.50-0.89)    0.006
   Death pre HDU 13 (5)   5 (3)   8 (10)
Ward stay
   Median (IQR)      6 (4-9)      6 (4-9)    5 (4-8) HR 1.16 (0.87-1.55)    0.310
   Death pre ICU 17 (6)   7 (4) 10 (13)
Overall, median (IQR)      11 (8-15)      11 (8-15)    11 (8-15) HR 0.89 (0.67-1.17)    0.400

Effect sizes and P values are for comparisons between the Logistic EuroSCORE (LES) < 15 and LES ≥ 15 groups. Missing data: Discharge destination - low 
risk (n = 1); Pacemaker insertion - low risk (n = 2); high dependency unit (HDU) and ward length of stay - low risk (n = 2). ICU: Intensive care unit; OR: 
Odds ratio; HR: Hazard ratio; PPM: Permanent pacemaker; IQR: Interquartile range.

Figure 2  Logistic EuroSCORE, 30- and 90-d mortality by quartiles of 
Logistic EuroSCORE. Black capped spikes represent median and quartiles of 
Logistic EuroSCORE (LES) (LES predicted overall mortality for quartiles: 7.8, 
9.8, 13.6, 26.5); gray capped spikes represent the percent 30-d (solid) and 90-d 
(dashed) mortality, with 95% CIs. Tests for trend: 30-d mortality, P = 0.001; 90-d 
mortality, P = 0.005. CI: Confidence interval.
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at our center, so we were able to identify all eligible pa-
tients; only 9 patients were excluded due to their notes 
being unavailable. Using the database and the individual 
patient case notes we were able to obtain a clinical dataset 
similar to the dataset collected for our TAVI patients. We 
were able to use the LES to assess outcomes in patient 
groups of  particular interest: low and high risk for mor-
bidity and mortality. 

We identified a subgroup, those in the highest LES 
risk quartile, with high mortality and morbidity. Out-
comes for this subgroup have not been reported previ-
ously in the surgical literature. The fact that the LES was 
able to discriminate between very low risk and very high 
risk patients prior to surgery, justifies its use in the selec-
tion process for the transcatheter programs. Patients in 
the highest risk quartile had a mortality of  15% (95% CI: 
7%-25%). Comparing our high risk cohort with those 
in TAVI registries adds further support to the argument 
that this group of  high risk patients may benefit from the 
transcatheter approach. In the PARTNER B trial, the rate 
of  death from any cause was 30.7% with TAVI compared 
to 50.7% with standard therapy (including balloon aortic 
valvuloplasty)[5]. The trial concluded that TAVI signifi-
cantly reduced the rates of  death from any cause, despite 
a higher incidence of  major strokes and major vascular 
events.

We were also able to document excellent results in 
the lower risk quartiles. In the lowest quartile the surgical 
outcomes were excellent with no deaths within 30 d (95% 
CI: 0%-5%). Any enrollment from this patient group into 
a transcatheter valve program should be done with great 
caution, as it would be difficult to improve on the results 
of  the conventional approach with the associated known 
long-term outcome. Hence, age on its own is a poor indi-
cator of  surgical risk and age over 80 alone should not be 
the sole indication for TAVI. 

The number of  patients treated with AVR in our cen-
ter increased exponentially over the 12-year study period. 
The average risk score did not change significantly. This 
would suggest that while the absolute number of  elderly 
patients with symptomatic aortic stenosis increased, the 

selection criteria for valve surgery did not expand into the 
very high risk cohort. There was an under-representation 
of  patients with a prior history of  CABG or patients 
with heavily calcified aorta (porcelain aorta). Prior re-
vascularization is considered as a significant risk factor 
for surgical AVR, hence the under-representation which 
introduced a selection bias into the study. Whilst the LES 
was predictive of  mortality, the selection of  patients for 
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Figure 3  Logistic EuroSCORE, 30-d and 90-d mortality by operative era. 
Black capped spikes represent median and quartiles of Logistic EuroSCORE; 
gray capped spikes represent percent 30-d (solid) and 90-d (dashed) mortality, 
with 95% CIs. Bars represent the number of aortic valve replacement proce-
dures. Tests for trend: 30-d mortality, P = 0.49; 90-d mortality, P = 0.34.

Figure 4  Kaplan-Meier survival curves. A: Overall; B: For Logistic EuroS-
CORE (LES) < 15/LES ≥ 15; C: For aortic valve replacement (AVR)/AVR + 
coronary artery bypass grafting (CABG).
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surgery involved clinical criteria that were not reflected in 
the LES or any other risk score, such as subjective assess-
ment of  frailty.

Previous studies have shown that with good clinical 
judgment on the part of  the surgical and multidisciplinary 
team selecting patients for surgery, good outcomes for 
AVR surgery with or without CABG in octogenarians 
were possible, with previously reported mortality figures 
of  8%-10%[17,18]. The mortality we report [6% (95% CI: 
3%-11%) for AVR and 8% (95% CI: 4%-14%) for AVR 
and CABG] are consistent with this and are also concor-
dant with previous reports[15]. The surgical results are bet-
ter than predicted by the LES (predicted mortality 11%), 
which has been shown previously in other series[13,19].

An LES ≥ 15 is currently used as a criterion for 
enrollment in the Corevalve registry. In this higher risk 
surgical cohort, the mortality was 14% (95% CI: 7%-23%) 
and there was a 6% rate of  stroke, a 9% rate of  serious 
infection and 4% incidence of  bleeding requiring transfu-
sion, with a median stay in the intensive care unit of  2 d. 
Only 44% of  these patients were then discharged home, 
and a further 41% went on to recover in district general 
hospitals or rehabilitation centers. The rate of  new pace-
maker implantations in this cohort was also higher than 
previously reported (11%). This could be explained by 
the selection of  patients for the study, which included 
only the octogenarian population who are more prone 
for sino-atrial node fibrosis and disease. The median sur-
vival in years was 4.19 (range, 1.83-5.94) in the LES ≥ 15 
group compared to 8.74 years (range, 3.54-11.07 years) in 
the LES < 15 group. The 1-year and 5-year survival was 
79% (95% CI: 68%-86%) and 40% (95% CI: 26%-55%), 
respectively, in the LES ≥ 15 group compared to 90% 
(95% CI: 85%-94%) and 64% (95% CI: 54%-72%), re-
spectively, in the LES < 15 group.

In our study, the LES tended to significantly over-
estimate the perioperative mortality risk in all quartiles 
(Figure 2).

Piazza et al[2] recently reported on the outcome of  the 
first 646 patients in the Corevalve registry, and Thomas 
et al[6] reported on the SOURCE registry for the Ed-
wards Sapien vlave. In both cohorts, the average LES 
was over 20. Large proportions of  patients included in 
these registries were not offered surgery and therefore 
are not comparable with the patients we have presented. 
Nevertheless, the overall outcomes for TAVI compare 
favorably with our results in patients with LES ≥ 15, that 
would now be considered for the transcatheter approach. 
The SOURCE registry revealed a 1-year survival rate of  
81.1% in transfemoral procedures and 72% in transapi-
cal procedures. The mortality in both TAVI registries was 
lower, as was the hospital stay and reported morbidity. 
The rate of  new pacemaker implantation appeared higher 
in the Corevalve registry than in the Sapiens Edwards 
series, but the difference compared to our surgical results 
may not be clinically relevant. The encouraging outcomes 
add to the evolving body of  clinical evidence demonstrat-
ing that TAVI is a viable option for this high risk popula-
tion.

As previously reported, long-term survival after a 
successful operation was excellent; overall 57% (95% CI: 
49%-64%) of  patients were alive at 5 years. The median 
length of  stay in hospital was 11 d (IQR, 8-15 d) and 
56% (n = 153) of  patients were discharged directly to 
home. The rest were either transferred to a local hospital 
for recuperation (36%, n = 97) or died prior to hospital 
discharge (8%, n = 22). Whilst these lengths of  stay data 
are in keeping with other reports[13,18], they are signifi-
cantly longer than those for younger patients undergoing 
AVR in our center. This observation, coupled with the 
increasing number of  patients, has implications for inten-
sive care and hospital bed resource planning Economic 
analyses of  TAVI cohorts may show that the benefits of  
percutaneous procedures may extend to hospital stay.

In the TAVI registries we found a large proportion 
of  patients with previous bypass surgery (20.4%)[2] whilst 
only 5% of  our patients had undergone surgical coro-
nary revascularization. A repeat operation does carry an 
increased risk, whilst prior bypass surgery has no impact 
on the technical feasibility or risk of  a transcatheter valve 
implantation. Furthermore, a porcelain (heavily calcified) 
aorta, present in up to 6.6% in the TAVI series, was not 
described in any of  our patients selected for surgery.

A Canadian study of  TAVI identified patient factors 
that can help in selecting appropriate patients for the 
procedure and further improve outcomes[20]. The study 
concluded that the transfemoral or transapical approach 
did not determine worse outcomes as much as patient 
factors, such as pulmonary hypertension, severe mitral 
regurgitation, chronic obstructive pulmonary disease and 
chronic kidney disease. Patients with a porcelain aorta 
(18%) or frailty (25%) exhibited acute outcomes similar 
to the rest of  the study population. Porcelain aorta pa-
tients tended to have better survival rate at 1-year follow-
up. Hence, it underscores the importance of  patient 
selection to improve short- and long-term outcomes after 
TAVI. 

This was a retrospective, single center series spanning 
12 years of  practice. The results improved with time, and 
hence surgical results in the modern era may now be bet-
ter than reported for the whole cohort. No direct statisti-
cal analysis was attempted for comparison of  this patient 
cohort with the patients enrolled into TAVI programs. 
Hence, all discussion and conclusions rely on descriptive 
parameters.

Whilst risk scoring systems are well developed for 
coronary artery bypass surgery, the optimal risk scoring 
system for aortic valve surgery is yet to be defined. Nev-
ertheless, in this cohort, the LES was able to identify a 
group of  patients at high risk of  surgical AVR with a less 
favorable outcome, and a low risk group with an excel-
lent outcome after surgical AVR. New scoring systems 
that take into account parameters relevant for surgical 
and transcatheter valve implantation are needed to char-
acterize patients better and to guide selection of  the best 
treatment option There is a clear under-representation of  
patients with a history of  prior CABG or porcelain aorta 
in our cohort compared to published TAVI registries, 
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which reflects the surgical selection process in the past 
and highlights these patient groups as particularly relevant 
for alternative treatment options The outcomes after suc-
cessful surgical AVR are good. However, the documented 
attrition rate in octogenarians is higher than in younger 
populations and this must be recognized when data from 
TAVI registries are interpreted.

COMMENTS
Background
Severe aortic stenosis occurs in the aging population, and the definitive treat-
ment for the condition has been surgical aortic valve replacement (AVR) for the 
past few decades. Technological and scientific advancement has enabled us to 
perform percutaneous AVR in this era. Two types of percutaneous aortic valves 
are available: Edward Sapien and CoreValve. The selection criteria need to be 
robust so that high risk patients who are considered not suitable for surgical 
AVR can be offered percutaneous AVR. The present article highlights the risk 
factor profile of these patients by using the Logistic EuroSCORE (LES), which 
enables us to identify those at high risk and those at low risk.
Research frontiers
Percutaneous AVR is considered a safe alternative to surgical AVR in the octo-
genarian population with comorbidities. Studies are being conducted on 2 types 
of valves: Edward Sapien and the CoreValve. The type of approach is also 
being investigated: transfemoral, transapical, subclavian. Selection criteria and 
the appropriate imaging techniques before and during implantation are under 
intense debate.
Innovations and breakthroughs
The major innovations in the past few years have been the size of the CoreV-
alve. Now it is available in 3 sizes. The surgeon can choose the appropriate 
size depending on the annular dimensions. Technology is advancing so that in 
future a retrievable percutaneous aortic valve will become available. Expertise 
in this field will enable us to offer the procedure to even low risk group.
Applications
The present article helps us to identify high risk and low risk patients. The LES 
is an important scoring system to identify these cases. It is easy to apply in our 
daily practice.
Terminology
Percutaneous AVR, transcatheter aortic valve implantation: a tissue heart valve 
is placed on a balloon-mounted catheter and guided via the femoral artery 
into the chambers of the heart and positioned directly over the diseased aortic 
valve. The balloon is then inflated to secure the valve in place. 
Peer review
LES is used as a risk scoring tool to identify high risk group and low risk group. 
Frequently, it overestimates the predicted mortality. The article clearly shows 
the difference between the predicted mortality and the observed mortality. 
Hence patients should not be denied percutaneous aortic valve implantation 
based on LES alone. Each scoring system has its own pitfalls. The authors 
have clearly explained the difficulties of using the LES as the only scoring sys-
tem and additional factors (frailty) need to be taken into account.
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Abstract
AIM: To investigate the impact of dual antiplatelet ther-
apy (DAT) in patients on anti-vitamin K (AVK) regimen 
requiring percutaneous coronary intervention (PCI). 

METHODS: Between February 2006 and February 2008, 
138 consecutive patients under chronic AVK treatment 
were enrolled in this registry. Of them, 122 received bare 
metal stent implantation and 16 received drug eluting 

stent implantation. The duration of DAT, on top of AVK 
treatment, was decided at the discretion of the clinician. 
Adequate duration of DAT was defined according to type 
of stent implanted and to its clinical indication. 

RESULTS: The baseline clinical characteristics of patients 
reflect their high risk, with high incidence of comorbid 
conditions (Charlson score ≥ 3 in 89% of the patients). 
At a mean follow-up of 17 ± 11 mo, 22.9% of patients 
developed a major adverse cardiac event (MACE): 12.6% 
died from cardiovascular disease and almost 6% had an 
acute myocardial infarction. Major hemorrhagic events 
were observed in 7.4%. Adequate DAT was obtained in 
only 44% of patients. In the multivariate analysis, no ad-
equate DAT and Charlson score were the only indepen-
dent predictors of MACE (both P = 0.02).

CONCLUSION: Patients on chronic AVK therapy rep-
resent a high risk population and suffer from a high 
MACE rate after PCI. An adequate DAT regimen and 
absence of comorbid conditions are strongly associated 
with better clinical outcomes. 

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Currently, the optimal antiplatelet regimen after stent im-
plantation consists of  a combination of  aspirin and ADP-
receptor antagonists, such as ticlopidine or clopidogrel, 
for the prevention of  stent thrombosis[1,2]. The recom-
mended duration of  dual antiplatelet therapy (DAT) rang-
es from 4 wk following bare metal stent (BMS) implan-
tation during elective angioplasty to at least 6 to 12 mo  
after drug eluting stent (DES) implantation. However, in 
some clinical situations, such as acute coronary syndromes 
(ACS), it should be extended to up to 12 mo with either 
BMS or DES[3]. 

The antiplatelet regimen of  patients on long-term 
anti-vitamin K (AVK) treatment and who receive percu-
taneous coronary intervention (PCI) remains a challenge 
for the interventional cardiologist. This group of  patients, 
indeed, includes a rather old population with comorbidi-
ties and a high risk of  bleeding and cardiovascular events. 
Moreover, the risk of  bleeding in these patients is in-
creased by the addition of  DAT but, on the other hand, 
a temporary discontinuation of  anticoagulation may be 
associated with a high risk of  thromboembolism[4].

The aim of  this study was to evaluate the outcomes 
of  patients under AVK therapy receiving PCI and to as-
sess the relationship between duration of  DAT, in addi-
tion to an AVK regimen, and clinical outcomes.

MATERIALS AND METHODS
Study population
Between February 2006 and February 2008 consecutive 
patients with an absolute indication for AVK treatment 
and who required PCI were prospectively included in the 
registry. There were no specific exclusion criteria. Patients 
were treated at the discretion of  the interventional cardi-
ologist, either with BMS or DES. The duration of  DAT 
was variable, according to the clinician’s prescription. 
Those patients who discontinued AVK treatment after 
index PCI were excluded from the analysis. Clinical and 
angiographic characteristics of  all patients were prospec-
tively recorded. In order to determine comorbidity in the 
patients, the Charlson score was calculated. Briefly, the 

Charlson score is the sum of  19 pre-defined comorbidi-
ties, that were assigned weights of  1, 2, 3 or 6 (Table 1). 
Overall, a value ≥ 3 defines a high level of  comorbidity[5]. 

Procedure
Stent implantation was performed according to the ex-
perience of  the interventional cardiologist following 
standard guidelines. Either direct stent implantation or 
balloon pre-dilatation was allowed. Glycoprotein Ⅱb/Ⅲa  
inhibitor administration was left to the interventional 
cardiologist’s discretion. All patients were treated with a 
therapeutic dose of  aspirin at the time of  PCI (100 mg 
daily from at least 5 d before or 500 mg administered in-
travenously immediately before the procedure). Clopido-
grel was administered in a loading 300 mg dose immedi-
ately before or after the procedure. As a routine strategy 
in our center, a radial approach was preferentially used 
in patients under AVK treatment. AVK therapy was not 
discontinued as long as the radial artery was patent with 
good collateral filling of  the palmar arch from the ulnar 
artery (tested by the Allen maneuver or by plethysmog-
raphy), and the international normalized ratio (INR) was 
lower than 4.0 at the time of  the procedure. No addition-
al anticoagulation was administered during PCI in these 
patients[6]. In the event that the radial artery could not be 
used for the above-mentioned reasons, AVK treatment 
was discontinued and substituted by a weight-adjusted 
dose of  low molecular weight heparin (LMWH). When-
ever INR was normalized, the procedure was performed 
via femoral artery. In such patients, PCI was performed 
under LMWH. AVK treatment was reinitiated within 24 h 
after the procedure while LMWH was finally discontin-
ued as soon as the INR level rose above 2.0. 

Definitions
The outcomes of  the patients were assessed by measur-
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Table 1  Charlson comorbidity index components and weights

Comorbid condition Weight

Myocardial infarction 1
Congestive heart failure 1
Peripheral vascular disease 1
Cerebrovascular disease 1
Dementia 1
Chronic pulmonary disease 1
Connective tissue disease 1
Ulcer disease 1
Mild liver disease 1
Diabetes 1
Hemiplegia 2
Moderate or severe renal disease 2
Diabetes with end-organ damage 2
Any tumor 2
Leukemia 2
Lymphoma 2
Moderate or severe liver disease 3
Metastatic solid tumor 6
AIDS 6

AIDS: Acquired immune deficiency syndrome.



ing the rates of  major adverse cardiac events (MACE), 
including cardiac death, myocardial infarction or target le-
sion revascularization. Death was classified as cardiac and 
non-cardiac. Any death was considered cardiac unless a 
non-cardiac cause could be adjudicated. 

Peri-procedural myocardial infarction was defined as 
a rise in the troponin T level above the upper reference 
limit. Acute myocardial infarction was defined as appear-
ance of  unequivocal ECG changes together with an in-
crease in creatine kinase levels to at least twice the upper 
normal limit or an increase in troponin levels[7]. 

Any revascularization clinically indicated performed on 
the treated segment was defined as target lesion revascu-
larization. Stent thrombosis was defined and categorized 
according to Academic Research Consortium, into early 
(within 30 d), late (more than 30 d to 1 year after stent 
implantation) and very late (more than 1 year after stent 
implantation) and into definitive, probable and possible[8]. 

Cerebrovascular events, including stroke (ischemic 
or hemorrhagic), cerebrovascular hemorrhage, transient 
ischemic attack, or reversible ischemic neurological defi-
cits were diagnosed by a neurologist and confirmed by 
computed tomography scanning. 

Bleeding complications were divided into minor and 
major, according to the TIMI scale[9]. Major bleeding was 
defined as the occurrence of  intracranial or retroperi-
toneal bleeding, hemorrhage at the vascular access site 
requiring intervention, a reduction in hemoglobin levels 
of  at least 5 g/dL, reoperation for bleeding or transfu-
sion of  a blood product (at least 2 U), or bleeding caus-
ing substantial hypotension requiring the use of  inotropic 
agents. All other bleeding events were considered minor 
(e.g., epistaxis).

To specifically determine the relationship between 
duration of  DAT and outcomes in this high risk popula-
tion, we defined the adequate duration of  DAT, according 
to the clinical setting and the type of  stent implanted, as 
1 mo for patients with an elective clinical condition who 
received a BMS, and 1 year for patients admitted for ACS, 
regardless of  the stent implanted[3,10].

Clinical follow-up
Clinical follow-up was performed by clinical visit or tele-
phone interview. The duration of  DAT was specifically 
investigated by interview with the patient or the doctor 
who was in charge of  the patient. Angiographic follow-
up was not mandated unless it was clinically indicated by 
symptoms or a positive non-invasive test of  ischemia. 

Statistical analysis
Continuous variables are presented as mean ± SD and 
categorical variables as counts and percentage. Continu-
ous variables were compared using the independent 
sample Student t test or Mann-Whitney U test where ap-
propriate. Categorical variables were compared with the 
Chi-square or Fisher exact test where appropriate. 

Cumulative MACE-free survival was illustrated by the 
Kaplan-Meier method. We explored the adjusted inde-
pendent predictors of  MACE using Cox regression mod-

eling. We specifically considered, as potential predictors 
of  MACE and thus candidates to enter into the model, 
the following variables: clinical presentation as ACS, no 
adequate DAT, Charlson Comorbidity Index and type of  
stent implanted (BMS or DES). The Charlson Comor-
bidity Index represents a single aggregate measure of  a 
patient’s risk due to comorbid conditions and it has been 
well validated[11]. The proportional hazards assumption 
was tested to explore the time-dependence of  covariates 
all at once. The results are presented as hazard ratio (HR) 
with 95% confidence interval (CI) and P value. Statistical 
significance was accepted for a two-sided value of  P < 
0.05. Analysis was performed with SPSS version 13 (SPSS 
Inc., Chicago, IL, United States).

RESULTS
Baseline characteristics
Baseline clinical characteristics are summarized in Table 2. 
During the study period, 138 consecutive patients (178 
lesions) on chronic AVK treatment were treated by PCI 
with either BMS (88%) or DES (12%). All patients were 
maintained on AVK treatment during follow-up. Mean 
age was 70.7 ± 9.3 years, 30% of  patients were diabet-
ics, almost 22% had renal impairment, 33% had previ-
ous acute myocardial infarction and 89% had a Charlson 
score ≥ 3. Of  the total, 57% were admitted with ACS.

Angiographic and procedural data
Angiographic and procedural data are summarized in 
Table 3. A total of  178 lesions were treated with 222 
stents implanted (196 BMS; 26 DES). Almost 75% of  
PCI were performed though a radial approach and 25% 
of  stents were implanted without pre-dilatation. No clo-
sure devices were used in patients in whom the procedure 
was performed through a femoral approach. At the time 
of  PCI, the mean INR value was 1.7 ± 0.6.

Compliance with DAT
At follow-up, 62 patients (44%) had adequate duration 
of  DAT (12% of  the patients with ACS and 89% of  
the patients without ACS). Mean duration of  DAT was 
3.1 ± 6.2 mo (BMS 2.2 ± 4.0 mo, DES 11.1 ± 10.3 mo). 
Specifically, in patients receiving BMS (n = 122) implan-
tation, an adequate DAT regimen was obtained in 53 
patients (43%). In the remaining 69 patients, 5 patients 
did not receive DAT at discharge (2 patients received 
only aspirin, one patient received clopidogrel alone, and 
2 patients did not receive any antiplatelet agent at all) 
and 64 stopped DAT prematurely. In patients receiving 
DES implantation (n = 16), an adequate DAT regimen 
was obtained in 9 patients, while the remaining 7 stopped 
DAT prematurely. Overall, the reasons for stopping DAT 
prematurely included: medical decision (n = 55), clinical 
event (n = 8) and own patient decision (n = 8). 

In hospital clinical outcomes
During hospitalization, 3 patients (1.7%) died from refrac-
tory heart failure related to their baseline clinical condi-
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tion. One patient (0.07%) suffered from a peri-procedural 
myocardial infarction, due to occlusion of  a side branch. 
No cases of  definitive or probable stent thrombosis were 
recorded. Five patients (3.6%) suffered from major hem-
orrhagic events during hospitalization. Specifically, we 
recorded 2 femoral pseudoaneurysms, 2 gastrointestinal 
hemorrhages and one patient had red blood cell transfu-
sion for chronic anemia and blood loss during cardiac 
catheterization. In all these patients a femoral approach 
was used. No hemorrhagic events were observed in pa-
tients with the transradial approach.

Long-term clinical outcomes
Complete follow-up was available for 132 patients (98%). 
Mean clinical follow-up was 17 ± 11 mo. Long-term out-
comes are summarized in Table 4. 

Overall, a total of  21 patients (15.5%) died after dis-
charge during clinical follow-up. Of  these, cardiovascular 
death accounted for 17 patients (12.6%). The clinically-
driven target lesion revascularization rate was 11.1% and 
incidence of  myocardial infarction was 5.9%. The MACE 
rate was 3.0% in the first month, 9.8% in the first 3 mo 
and 14.3% in the first 6 mo after PCI. 

We recorded 6 definitive or probable stent thrombo-
ses (4.4%). In particular, one of  the two definitive stent 
thrombosies occurred 1 mo after BMS implantation in a 
patient who was on DAT and AVK treatment. The sec-
ond definitive stent thrombosis occurred 40 d after the 
index procedure in a patient who received a BMS and was 
only on AVK treatment without any antiplatelet agent. 
The rate of  possible stent thrombosis was 5.9%. 

After categorizing the entire population by the du-
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Table 2  Baseline clinical characteristics of the study popula-
tion (n  = 138)

n  (%)

Age (mean ± SD, yr) 70.7 ± 9.3
Female    29 (21.0)
Hypertension    95 (68.8)
Diabetes mellitus    44 (31.8)
Dyslipidemia    73 (52.9)
Smoking    34 (24.6)
Renal failure    30 (21.7)
Previous stroke    25 (18.1)
Vasculopathy    22 (15.9)
Previous coronary artery bypass graft    32 (23.1)
Previous percutaneous coronary intervention    21 (15.2)
Previous myocardial infarction    46 (33.3)
Charlson score (mean ± SD)   4.3 ± 1.6
   Clinical presentation
   Asymptomatic  12 (8.7)
   Stable angina    45 (32.6)
   NSTEMI    58 (42.0)
   STEMI    21 (15.2)
Indication to AVK treatment
   Atrial fibrillation 93 (67)
   CHADS2 0 0 (0)
   CHADS2 1 69 (75)
   CHADS2 ≥ 2 24 (25)
   Pulmonary emboli    4 (2.9)
   Systemic emboli    4 (2.9)
   Isolated cardiomyopathy    14 (10.1)
   Mechanical valve prosthesis    22 (15.2)
   Thrombus in left ventricle    2 (1.4)
Number of diseased vessels
   1    79 (57.2)
   2    41 (29.7)
   3    16 (11.6)
Number of treated vessels
   1  118 (85.5)
   2    20 (14.5)
Vessels diseased
   Left main 13
   Left anterior descending 85
   Left circumflex 52
   Right coronary artery 69
   Saphenous vein graft   4

AVK: Anti-vitamin K; NSTEMI: Non-ST elevation myocardial infarction; 
STEMI: ST elevation myocardial infarction; CHADS2: Stroke and transient 
ischemic attack score.

Table 3  Angiographic and procedural characteristics (n  = 
178)  n  (%)

Lesion type classification
   A   40 (23.1)
   B 103 (59.5)
   C   25 (17.4)
Chronic total occlusion   9 (5.2)
Bifurcation   30 (17.3)
Access site
   Transradial 133 (74.8)
   Transfemoral   52 (25.2)
Direct stenting   45 (25.3)
DES   26 (14.6)
Length of implanted stents (mm, mean ± SD)   22.3 ± 11.6
Diameter of implanted stents (mm, mean ± SD)   3.18 ± 1.24
QCA analysis (mean ± SD)
   Reference diameter pre (mm)     2.9 ± 0.67
   Reference diameter post (mm)     3.0 ± 0.55
   MLD pre (mm) 0.74 ± 0.5
   MLD post (mm)   2.6 ± 0.5
   % stenosis pre   74.6 ± 16.1
   % stenosis post 12.3 ± 8.9
   Acute gain (mm)   1.8 ± 0.6

QCA: Quantitative coronary angiography; DES: Drug eluting stent; MLD: 
Minimal luminal diameter.

Table 4  Long-term clinical outcomes after discharge (1n  = 
178)

n  (%)

Major adverse cardiac events   31 (22.9)
Death   21 (15.5)
   Cardiac death   17 (12.6)
   Non-cardiac death   4 (2.9)
Myocardial infarction   8 (5.9)
Target lesion revascularization   15 (11.1)
Major hemorrhagic event 10 (7.4)
Stroke
   Hemorrhagic stroke   3 (2.2)
   Ischemic stroke   2 (1.5)
Definite/probable stent thrombosis   6 (4.4)
Possible stent thrombosis   8 (5.9)

1Patients who died during index admission were excluded from this 
analysis.
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ration of  DAT, as being adequate or not, the rate of  
MACE was higher in those patients with no adequate 
duration of  DAT (log-rank test, P = 0.029). In the mul-
tivariable analysis, the only variables independently as-
sociated with MACE were no adequate DAT (HR, 5.30, 
95% CI: 1.19-23.55, P = 0.02) and Charlson Comorbidity 
Index (HR, 1.6, 95% CI; 1.06-2.42, P = 0.02). Figure 1 
presents the cumulative MACE-free survival according to 
adequate DAT status, adjusted for Charlson Comorbidity 
Index (P = 0.022). 

Regarding hemorrhagic events, there were 10 ma-
jor hemorrhagic episodes (7.4%) during follow-up. In 
particular, 3 patients died of  a hemorrhagic stroke, 3 
required red blood cell transfusion, 3 had a gastrointes-
tinal hemorrhage and one had hematuria, requiring red 
blood cell transfusion. One of  the hemorrhagic strokes 
occurred in a patient who received a BMS, was on aspirin 
and the INR was above 9. Only half  of  major hemor-
rhagic events (n = 5) occurred in patients on concomitant 
treatment with DAT and AVK. No difference was found 
in hemorrhagic event rates between patients categorized 
according to adequate DAT or not.

DISCUSSION
The major findings of  this analysis are: (1) patients on 
a chronic anticoagulation regimen represent a highly 
comorbid population, as shown by a high value of  the 
Charlson score (mean, 4.3) and had a high incidence of  
MACE after PCI; and (2) no adequate DAT and a high 
Charlson score seem to be the main independent predic-
tors of  events in this population.

Patients who have clear evidence-based indications 
for long-term AVK treatment represent nearly 10% of  
patients referred for PCI[12]. This group of  patients gen-
erally includes a high-risk profile population with comor-
bid conditions and high risk of  ischemic and bleeding 
events. The Charlson score, an index of  their comor-
bidities, was high in our population (≥ 3 in 89% of  the 
patients) and was one of  the independent predictors of  
MACE at follow-up. The high MACE rate at follow-up 

(22.9%) was similar to that found by Rogacka et al[13] who 
compared the long-term outcomes in a similar cohort 
of  patients (23.6%). In another study of  426 patients 
with atrial fibrillation undergoing PCI, Ruiz-Nodar et al[14] 
demonstrated a MACE rate of  36.6% and a major bleed-
ing incidence of  12.3% at 2 years. 

DAT on top of  AVK treatment in this category of  
patients is known to increase their risk of  bleeding[4]. For 
this reason, in daily practice, various antithrombotic com-
binations were used in the past[13-15]. Karjalainen et al[12] 
assessed the safety and efficacy of  combined antiplatelet-
warfarin therapy after coronary stenting. The rate of  
stent thrombosis was highest (15.1%) in patients receiv-
ing a warfarin plus aspirin combination without the addi-
tion of  clopidogrel. This is in agreement with the results 
of  4 randomized trials (ISAR, FANTASTIC, STARS, and 
MATTIS) that showed that warfarin plus aspirin combi-
nation after PCI is not as effective as DAT in preventing 
stent thrombosis[16-18]. Recently, Lip et al[10] defined a con-
sensus on the “best practice” antiplatelet regimen of  pa-
tients who are on concomitant treatment with long-term 
AVK for atrial fibrillation, according to the clinical indica-
tion of  PCI (ACS or not) and the type of  stent implanted 
(DES or BMS). Our analysis, applying this definition of  
adequate DAT to a wider population requiring AVK not 
only for atrial fibrillation, confirms the importance of  en-
suring a correct DAT according to the clinical scenario of  
the patient and to the stent implanted. Of  note, for those 
patients with atrial fibrillation and a CHADS2 score of  1, 
the benefit of  AVK treatment vs aspirin alone is not well 
established; a large randomized trial would be required to 
justify withdrawing of  the AVK regimen in these patients 
when they received a PCI. 

Most of  the concerns about a prolonged duration of  
DAT on top of  AVK treatment come from the occur-
rence of  hemorrhagic events or local complications at the 
site of  arterial access. A femoral approach has been as-
sociated with higher hemorrhagic complications in AVK 
patients, as was confirmed in our study, while a radial 
approach is safe[19]. In the series from Orford et al[20] and 
Karjalainen et al[12], the incidence of  all major bleeding 
events while on triple therapy (DAT plus warfarin) ranged 
from 3.1% to 6.6% during follow-up. In our population, 
the occurrence of  major hemorrhagic events during triple 
therapy was 7.2%, but it could be underestimated due to 
a lack of  complete compliance to DAT.

The type of  stent that has to be implanted in a patient 
on AVK therapy is another important issue to consider; 
the clinician should weigh the potential bleeding risk 
derived from prolonged DAT against the risk and conse-
quences of  restenosis of  a BMS. In many instances, the 
balance between risk and benefit may lead the clinician to 
choose a BMS in order to commit the patient to a short 
course of  DAT in addition to warfarin, as reported in our 
cohort where 88% of  the stents implanted were BMS. 
Ruiz-Nodar et al[21] showed that the routine use of  DES 
in patients with atrial fibrillation did not seem to be justi-
fied because of  the higher risk of  major bleeding with 
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Figure 1  Cumulative Kaplan-Meier curves of major adverse cardiac events-
free survival according to clinically adequate dual antiplatelet therapy, 
adjusted for type of stent and Charlson comorbidity index. MACE: Major 
adverse cardiac events; DAT: Dual antiplatelet therapy.
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DES in comparison with BMS: an alternative is to im-
plant a DES for treatment of  very high-risk lesions and 
to accept a small-to-moderate risk of  bleeding. Sarafoff  
et al[22] also showed that use of  some clinical and echocar-
diographic criteria can help to define the antithrombotic/
anticoagulation therapy in patients on chronic AVK un-
dergoing DES implantation. 

This was a retrospective study. The sample size of  
this study did not allow demonstration of  differences in 
efficacy between BMS and DES nor the formulation of  
reliable recommendations. Thus, conclusions regarding 
the best stent for restenosis prevention in such a popula-
tion cannot be drawn from this analysis. The single center 
registries are often not representative and for this reason 
we included a real-world population as large as possible.

Due to the period of  inclusion of  the historical cohort, 
we could not use the European Society of  Cardiology/
American Heart Association/American College of  Car-
diology consensus definition of  myocardial infarction[23]. 
Thus, comparison of  myocardial infarction rates between 
groups was based on the classical World Health Organiza-
tion definition[7]. This definition, however, has been histori-
cally used in most of  the studies on AVK patients. 

In conclusion, patients on AVK requiring PCI and 
stent implantation represent a high risk population with a 
high rate of  comorbid conditions. Overall, an appropriate 
DAT regimen according to the type of  stent implanted 
and to its clinical indication, appears crucial in order to 
avoid MACE.
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the benefits of  authors: Since WJC is an open-access journal, read-
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of  editorial board members, authors and readers, and yielding the 
greatest social and economic benefits.

Aims and scope
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gies on how to solve the questions; (5) Guidelines for Basic Research: 
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Instructions to authors

in Biomedical Statistics from to evaluate the statistical method used 
in the paper, including t-test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or 
stepwise), correlation, analysis of  variance, analysis of  covariance, 
etc. The reviewing points include: (1) Statistical methods should 
be described when they are used to verify the results; (2) Whether 
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to 
standard errors. Give the number of  observations and subjects (n). 
Losses in observations, such as drop-outs from the study should be 
reported; (4) Values such as ED50, LD50, IC50 should have their 
95% confidence limits calculated and compared by weighted probit 
analysis (Bliss and Finney); and (5) The word ‘significantly’ should 
be replaced by its synonyms (if  it indicates extent) or the P value (if  
it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any po-
tential bias, WJC requires authors of  all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests  
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular 
paper. Before submitting, authors are suggested to read “Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Ethical Considerations in the Conduct and Reporting of  Research: 
Conflicts of  Interest” from International Committee of  Medical 
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names 
of  organizations], and has received research funding from [names of  
organization]. [Name of  individual] is an employee of  [name of  or-
ganization]. [Name of  individual] owns stocks and shares in [name of  
organization]. [Name of  individual] owns patent [patent identification 
and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee or it 
should be stated clearly in the text that all persons gave their informed 
consent prior to their inclusion in the study. Details that might disclose 
the identity of  the subjects under study should be omitted. Authors 
should also draw attention to the Code of  Ethics of  the World Medi-
cal Association (Declaration of  Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow 
the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good 
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines 
Research Council Guidelines for Good Clinical Practice in Clinical 
Trials) and/or the World Medical Association Declaration of  Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If  doubt exists whether the research was conducted 
in accordance with the above standards, the authors must explain the 
rationale for their approach and demonstrate that the institutional 
review body explicitly approved the doubtful aspects of  the study. 

Before submitting, authors should make their study approved by 
the relevant research ethics committee or institutional review board. 
If  human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the 
understanding and appropriate informed consent of  each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If  experimental animals were used, 
the materials and methods (experimental procedures) section must 
clearly indicate that appropriate measures were taken to minimize 
pain or discomfort, and details of  animal care should be provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 

Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the 
opinions expressed by contributors. Manuscripts formally accepted 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals 
of  their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting of  
clinical trials, we endorse the policy of  the ICMJE to refuse to pub-
lish papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored 
by the United States National Library of  Medicine and we encour-
age all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. A 
letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photo
graphs and illustrations because rejected manuscripts will not be 
returned to the author(s) and the editors will not be responsible 
for loss or damage to photographs and illustrations sustained dur-
ing mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/1949-8462office. Authors are 
highly recommended to consult the ONLINE INSTRUCTIONS 
TO AUTHORS (http://www.wjgnet.com/1949-8462/g_info_ 
20100316161927.htm) before attempting to submit online. For 
assistance, authors encountering problems with the Online Submi
ssion System may send an email describing the problem to wjc@
wjgnet.com, or by telephone: +86-10-85381892. If  you submit your 
manuscript online, do not make a postal contribution. Repeated 
online submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must be 
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
gins. Style should conform to our house format. Required informa-
tion for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should be 
provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it critically 
for important intellectual content; and (3) final approval of  the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George 
Sgourakis, Department of  General, Visceral, and Transplantation 
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical 
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Department, Korgialenio-Benakio Red Cross Hospital, Athens 
15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  sup-
portive foundations should be provided, e.g. Supported by National 
Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should be 
provided. Author names should be given first, then author title, af-
filiation, the complete name of  institution, city, postcode, province, 
country, and email. All the letters in the email should be in lower 
case. A space interval should be inserted between country name and 
email address. For example, Montgomery Bissell, MD, Professor of  
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of  California, Box 0538, San Francisco, CA 94143, United States. 
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJC, reviewers of  
accepted manuscripts will be announced by publishing the name, 
title/position and institution of  the reviewer in the footnote ac-
companying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shanghai, 
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong Uni-
versity, Shanghai, China; Professor Xin-Wei Han, Department of  
Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no more than 256 words) and 
structured abstracts (no more than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 
words should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections. AIM 
(no more than 20 words): Only the purpose should be included. 
Please write the aim as the form of  “To investigate/study/…; 
MATERIALS AND METHODS (no more than 140 words); 
RESULTS (no more than 294 words): You should present P val-
ues where appropriate and must provide relevant data to illustrate 
how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; 
CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which 
reflect the content of  the study.

Text
For articles of  these sections, original articles and brief  articles, the 
main text should be structured into the following sections: INTRO-

DUCTION, MATERIALS AND METHODS, RESULTS and 
DISCUSSION, and should include appropriate Figures and Tables. 
Data should be presented in the main text or in Figures and Tables, 
but not in both. The main text format of  these sections, editorial, 
topic highlight, case report, letters to the editors, can be found at: 
http://www.wjgnet.com/1949-8462/g_info_20100312194155.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a sepa-
rate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is 
necessary in line-art image. Scale bars should be used rather than 
magnification factors, with the length of  the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured 
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1  Pathological changes in atrophic gastritis after treat-
ment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle 
to publish high resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain se-
quence.

Acknowledgments
Brief  acknowledgments of  persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining 
written permission to use any copyrighted text and/or illustrations.

REFERENCES
Coding system
The author should number the references in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers in 
square brackets in superscript at the end of  citation content or after 
the cited author’s name. For citation content which is part of  the 
narration, the coding number and square brackets should be typeset 
normally. For example, “Crohn’s disease (CD) is associated with 
increased intestinal permeability[1,2]”. If  references are cited directly 
in the text, they should be put together within the text, for example, 
“From references[19,22-24], we know that...”

When the authors write the references, please ensure that the 
order in text is the same as in the references section, and also ensure 
the spelling accuracy of  the first author’s name. Do not list the same 
citation twice. 
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PMID and DOI
Pleased provide PubMed citation numbers to the reference list, e.g. 
PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrez?db=pubmed and http://www.crossref.org/Sim-
pleTextQuery/, respectively. The numbers will be used in E-version 
of  this journal.

Style for journal references
Authors: the name of  the first author should be typed in bold-faced 
letters. The family name of  all authors should be typed with the ini-
tial letter capitalized, followed by their abbreviated first and middle 
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR). The title of  the cited article and italicized 
journal title (journal title should be in its abbreviated form as shown 
in PubMed), publication date, volume number (in black), start page, 
and end page [PMID: 11819634   DOI: 10.3748/wjg.13.5396].

Style for book references
Authors: the name of  the first author should be typed in bold-faced 
letters. The surname of  all authors should be typed with the initial 
letter capitalized, followed by their abbreviated middle and first 
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication 
place: Publication press, Year: start page and end page.

Format
Journals 
English journal article (list all authors and include the PMID where applicable)
1	 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative con-
trast harmonic imaging to assess malignancy of  liver tumors: 
A prospective controlled two-center study. World J Gastroenterol 
2007; 13: 6356-6364 [PMID: 18081224   DOI: 10.3748/wjg.13. 
6356]

Chinese journal article (list all authors and include the PMID where applicable)
2	 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic 

effect of  Jianpi Yishen decoction in treatment of  Pixu-diar-
rhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3	 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature 

of  balancing selection in Arabidopsis. Proc Natl Acad Sci USA 
2006; In press

Organization as author
4	 Diabetes Prevention Program Research Group. Hyperten-

sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462   
PMCID:2516377   DOI:10.1161/01.HYP.0000035706.28494. 
09]

Both personal authors and an organization as author 
5	 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; 

Alf-One Study Group. Sexual dysfunction in 1, 274 European 
men suffering from lower urinary tract symptoms. J Urol 
2003; 169: 2257-2261 [PMID: 12771764   DOI:10.1097/01.ju. 
0000067940.76090.73]

No author given
6	 21st century heart solution may have a sting in the tail. BMJ 

2002; 325: 184 [PMID: 12142303   DOI:10.1136/bmj.325. 
7357.184]

Volume with supplement
7	 Geraud G, Spierings EL, Keywood C. Tolerability and safety 

of  frovatriptan with short- and long-term use for treatment 
of  migraine and in comparison with sumatriptan. Headache 
2002; 42 Suppl 2: S93-99 [PMID: 12028325   DOI:10.1046/
j.1526-4610.42.s2.7.x]

Issue with no volume
8	 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin Orthop 
Relat Res 2002; (401): 230-238 [PMID: 12151900   DOI:10.10
97/00003086-200208000-00026]

No volume or issue
9	 Outreach: Bringing HIV-positive individuals into care. HRSA 

Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(s)
10	 Sherlock S, Dooley J. Diseases of  the liver and billiary system. 

9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11	 Lam SK. Academic investigator’s perspectives of  medical 

treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer 
disease: investigation and basis for therapy. New York: Marcel 
Dekker, 1991: 431-450

Author(s) and editor(s)
12	 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 

2nd ed. Wieczorek RR, editor. White Plains (NY): March of  
Dimes Education Services, 2001: 20-34

Conference proceedings
13	 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. 

Proceedings of  the 5th Germ cell tumours Conference; 2001 
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
14	 Christensen S, Oppacher F. An analysis of  Koza's computa-

tional effort statistic for genetic programming. In: Foster JA, 
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic 
programming. EuroGP 2002: Proceedings of  the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5; 
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)
15	 Morse SS. Factors in the emergence of  infectious diseases. 

Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05; 
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)
16	 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. 

Flexible endoscopic grasping and cutting device and positioning 
tool assembly. United States patent US 20020103498. 2002 Aug 
1

Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as 
χ2 (in Greek), related coefficient as r (in italics), degree of  freedom 
as υ (in Greek), sample number as n (in italics), and probability as P (in 
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, 
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/1949-8462/
g_info_20100312200347.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and on 
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful 
to the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.
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Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
Editorial: http://www.wjgnet.com/1949-8462/g_info_20100312 
192220.htm

Frontier: http://www.wjgnet.com/1949-8462/g_info_20100312 
192753.htm

Topic highlight: http://www.wjgnet.com/1949-8462/g_info_2010 
0312192932.htm

Observation: http://www.wjgnet.com/1949-8462/g_info_20100312 
193224.htm

Guidelines for basic research: http://www.wjgnet.com/1949-8462/
g_info_20100312193436.htm

Guidelines for clinical practice: http://www.wjgnet.com/1949-84 
62/g_info_20100312193624.htm

Review: http://www.wjgnet.com/1949-8462/g_info_20100312 
193839.htm

Original articles: http://www.wjgnet.com/1949-8462/g_info_2010 
0312194155.htm

Brief  articles: http://www.wjgnet.com/1949-8462/g_info_201003 
12194443.htm

Case report: http://www.wjgnet.com/1949-8462/g_info_20100312 
194652.htm

Letters to the editor: http://www.wjgnet.com/1949-8462/g_info_ 
20100312195004.htm

Book reviews: http://www.wjgnet.com/1949-8462/g_info_201003 
12195306.htm

Guidelines: http://www.wjgnet.com/1949-8462/g_info_20100312 
195423.htm

SUBMISSION OF THE REVISED MANUSCRIPTS 
AFTER ACCEPTED
Please revise your article according to the revision policies of  WJC. 
The revised version including manuscript and high-resolution image 
figures (if  any) should be copied on a floppy or compact disk. The 
author should send the revised manuscript, along with printed high-
resolution color or black and white photos, copyright transfer letter, 
and responses to the reviewers by courier (such as EMS/DHL).

Editorial Office
World Journal of Cardiology
Editorial Department: Room 903, Building D, 

Ocean International Center,
No. 62 Dongsihuan Zhonglu, 
Chaoyang District, Beijing 100025, China
E-mail: wjc@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-8538-1892
Fax: +86-10-8538-1893

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/1949-8462/g_info_20100312200118.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the reviewers’ 
comments can be found at: http://www.wjgnet.com/1949-8462/
g_info_20100312195923.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a 
copy of  the document and serial number of  the foundation.

Links to documents related to the manuscript 
WJC will be initiating a platform to promote dynamic interactions 
between the editors, peer reviewers, readers and authors. After a 
manuscript is published online, links to the PDF version of  the 
submitted manuscript, the peer-reviewers’ report and the revised 
manuscript will be put on-line. Readers can make comments on 
the peer reviewer’s report, authors’ responses to peer reviewers, 
and the revised manuscript. We hope that authors will benefit from 
this feedback and be able to revise the manuscript accordingly in a 
timely manner.

Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http://www.eurekalert.org). The title for 
news items should be less than 90 characters; the summary should 
be less than 75 words; and main body less than 500 words. Science 
news items should be lawful, ethical, and strictly based on your 
original content with an attractive title and interesting pictures.

Publication fee
WJC is an international, peer-reviewed, Open-Access, online journal. 
Articles published by this journal are distributed under the terms 
of  the Creative Commons Attribution Non-commercial License, 
which permits use, distribution, and reproduction in any medium, 
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