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[INSIDE] 

PATIENTS TAKING DUAL ANTI-PLATELET THERAPY (DAPT) WITH ASPI-
rin and clopidogrel are at higher risk of bleeding with coro-

nary artery bypass graft surgery (CABG) than those taking as-
pirin alone. Current guidelines recommend ceasing clopidogrel 
at least 5 days before CABG, but sometimes this is not prac-
tical. There is considerable inter-individual variation in clopi-
dogrel metabolism, so waiting for 5 days off clopidogrel may 
be appropriate for some patients, but may put others at risk of 
ischemic complications. A more accurate way to assess plate-
let function and the risk of CABG bleeding in these patients 
has the potential to make the peri-operative period safer. Kwak 
and colleagues prospectively enrolled patients undergoing off-
pump CABG (OPCABG) who were previously on clopidogrel 

into their registry. They recorded the duration since clopidogrel 
cessation, and also performed platelet thromboelastography 
(TEG) as a marker of platelet function to determine when the 
effects of clopidogrel had worn off. They chose OPCABG to 
avoid the platelet activation that occurs when blood comes in 
contact with the cardiopulmonary bypass circuit. 

After excluding patients who had emergency surgery, 
thrombocytopenia, anemia, bleeding diatheses, hepatic or re-
nal dysfunction, prior cardiac surgery, ejection fraction < 40%, 
myocardial infarction, and those who had received glycopro-
tein IIb/IIIa inhibitors, the authors enrolled 100 patients under-
going isolated OPCABG. Patients were receiving aspirin 100 
mg daily and clopidogrel 75 mg daily for at least a week. To 

Abstract & Commentary

Platelet-function Testing May 
Predict CABG Bleeding in Patients on Clopidogrel 
 
By Andrew J. Boyle, MBBS, PhD 
Assistant Professor of Medicine, Interventional Cardiology, University of California, San Francisco 
Dr. Boyle reports no financial relationship relevant to this field of study.

Source: Kwak Y-L, et al. Clopidogrel responsiveness regardless of the discontinuation date predicts increased blood loss and 
transfusion requirement after off-pump coronary artery bypass graft surgery. J Am Coll Cardiol. 2010;56:1994-2002.
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determine the effect of duration of clopidogrel 
cessation, they were divided into two groups: 
those receiving aspirin + clopidogrel until 1 
day before surgery (n = 50) and those receiv-
ing aspirin and clopidogrel until 3 days before 
surgery (n = 50). To assess outcomes based 
on the level of platelet inhibition to clopido-
grel, TEG was performed immediately before 
induction of anesthesia, and the surgeon and 
anesthesiologists were blinded to the results. 
Patients were grouped according to tertiles of 
platelet-inhibitory response to clopidogrel. 

Results: Baseline demographics were well-
matched between groups. Patients with the 
most platelet inhibition (third tertile) assessed 
by TEG had the most bleeding and required 
more blood transfusions postoperatively. Fur-
thermore, these patients also had increased 
length of stay in the hospital. In multi-variable 
analysis, the highest platelet inhibition (third 
tertile) assessed by TEG was the only inde-
pendent predictor for increased transfusion 
requirement (odds ratio 10.6; p = 0.001). In-
terestingly, the duration of discontinuation of 
clopidogrel prior to surgery was not an inde-
pendent predictor of transfusion requirement. 
The optimal cut-off for postoperative transfu-
sion requirement was 70% platelet-inhibitory 
response to clopidogrel, which provided a sen-
sitivity and specificity of 77.8% and 75.0%, 
respectively. The platelet response to aspirin 
did not correlate with bleeding. The authors 
conclude that a high percentage of platelet-
inhibitory response to clopidogrel, regardless 
of the proximity of clopidogrel exposure, 
predicts increased blood loss and transfusion 
requirement after OPCABG, with a cutoff 
value of 70% for increased risk of transfusion. 
These findings might implicate a potential role 

of modified thromboelastography in deciding 
timing of OPCABG in patients who need con-
tinued clopidogrel therapy. 

■ COMMENTARY
The variation in clopidogrel metabolism 

between patients makes peri-operative man-
agement of DAPT difficult. Now, Kwak and 
colleagues can start to address how we can 
tailor decisions about surgical timing in in-
dividuals, rather than populations. Several 
limitations of the study should be noted. This 
study is small and involves a highly selected 
population. The results may not be generaliz-
able to all CABG surgeries, particularly those 
performed with cardiopulmonary bypass. The 
TEG testing for platelet function is not widely 
available, and the findings may not apply to 
all types of platelet-function testing. Further-
more, it does not address the risk of ceasing 
clopidogrel 5-7 days pre-operatively in terms 
of ischemic complications. We are also not 
told the reasons for dual antiplatelet therapy 
in these patients. Those with newly implanted 
drug-eluting stents are likely at higher risk of 
ischemic complications than those who were 
on DAPT for other reasons. However, this 
study takes an important step toward individu-
alizing patient care for those patients taking 
DAPT. The finding that assessing the platelet 
function, rather than just stopping the drug and 
assuming it has worn off in the expected time 
frame, can better predict outcomes following 
OPCABG is very exciting. This could lead to 
better patient outcomes at reduced cost, but 
future prospective studies are needed in larger 
numbers of patients to confirm that tailoring 
surgical times based on platelet-function stud-
ies can reduce bleeding complications.   ■

Abstract & Commentary

Statins Use Proves Safe in Patients 
with Abnormal Liver-function Tests 
 
By Andrew J. Boyle, MBBS, PhD 
 
Source: Athyros VG, et al. Safety and efficacy of long-term statin treatment for cardiovascular 
events in patients with coronary heart disease and abnormal liver tests in the Greek Atorvastatin 



February 2011 11

THE EFFICACY OF STATINS IN PREVENTING CARDIOVASCULAR 
events is well known, but approximately 10% of pa-

tients will develop elevations in liver function tests (LFTs). 
This has led to caution in prescribing statins to patients 
with baseline elevations of LFTs. The most common 
cause of abnormal LFTs in the western world is NAFLD 
(non-alcoholic fatty liver disease), a condition associated 
with obesity and insulin-resistance syndromes. The treat-
ment of NAFLD includes statins, yet these are precisely 
the patients being denied statin therapy because of abnor-
mal LFTs. Athyros and colleagues addressed the question 
of whether statin therapy is safe and effective in patients 
with mild-to-moderately elevated liver enzymes. They 
performed a post-hoc analysis of the GREACE study, 
which was a prospective, randomized trial of statins vs. 
usual care (which may or may not include statin use per 
physician discretion) in 1,600 patients with established 
coronary artery disease (CAD) and LDL cholesterol > 
100 mg/dL. Follow-up was 3 years; LFTs were mea-
sured at baseline, after 6 weeks, and then every 6 months 
thereafter. They identified 437 patients with elevations in 
liver enzymes � 3 times the upper limit or normal. No 
cause for the liver enzyme abnormalities was noted, but 
they presume most were due to NAFLD because alcohol 
misuse and other liver diseases were exclusion criteria for 
the original GREACE cohort. Of these, 227 patients were 
treated with a statin and 210 were not. Baseline char-
acteristics and lipid levels were well-matched between 
those taking statins and those who were not. Less than 
1% of patients withdrew from each group. The primary 
endpoint was the rate of cardiovascular events, defined 
as death, myocardial infarction, revascularization, acute 
coronary syndrome, or heart failure. The average daily 
statin doses were atorvastatin 24 mg, simvastatin 22 mg, 
pravastatin 31 mg, or fluvastatin 40 mg.

Results: Not surprisingly, those taking statins had 
greater reductions in LDL (-44% vs. -5%) and triglycer-
ides (-32% vs. -7%) and a greater increase in HDL (+8% 
vs. +3%) over the 3-year follow-up period. All patients 
taking statins experienced a reduction in liver enzyme 
concentrations, whereas in those not taking statins, 
LFTs continued to increase. Patients taking statins had 
a cardiovascular event rate of 9.7%, compared to 30% 

in those not taking statins (p < 0.0001). The reduction in 
cardiovascular events with statins was more pronounced 
in the group with abnormal LFTs at baseline than in the 
entire GREACE cohort. The authors conclude that statin 
treatment is safe and can improve liver tests and reduce 
cardiovascular morbidity in patients with mild-to-mod-
erately abnormal liver tests that are potentially attribut-
able to non-alcoholic fatty liver disease. 

■ COMMENTARY
NAFLD has been associated with an increased risk 

for cardiovascular disease, although it remains unclear 
if this is due to the company it keeps (obesity, hyperten-
sion, insulin resistance) or to the liver dysfunction itself. 
Traditionally, statins have been withheld from patients 
with abnormal LFTs, but because NAFLD is a common 
condition in the western world, and often accompanies 
vascular disease, withholding statins from these patients 
may deprive a large number of people of the life-saving 
benefit of statin therapy. The data presented by Athyros 
and colleagues challenge this dogma and show that stain 
therapy is safe and beneficial in these patients. In fact, be-
cause the reduction in cardiovascular events with statins 
was more pronounced in the group with abnormal LFTs 
at baseline than in the entire GREACE cohort, abnormal 
LFTs may actually identify a subgroup in which statins 
achieve a better therapeutic response. It is important to 
mention that alcohol abuse and other liver diseases were 
exclusion criteria in this study, so the data cannot neces-
sarily be extrapolated to patients with other liver diseas-
es. Also, patients with liver enzyme elevations > 3 times 
the upper limit of normal were not included and, thus, 
the results may not apply to them. This study strengthens 
the safety data for statins, and once other serious liver 
diseases have been excluded, statin therapy appears safe 
in patients with mild-to-moderate elevations in LFTs. 
This does not mean we can stop checking LFTs, as there 
was still a small (< 1%) rate of discontinuation due to 
elevations in LFTs more than 3 times the upper limit of 
normal. Future prospective studies are warranted to con-
firm these findings and to expand the number of patients 
eligible for statin therapy.  ■ 

and Coronary Heart Disease Evaluation (GREACE) study: A post-hoc analysis. Lancet. 2010;376:1916–1922. 

Abstract & Commentary

Study Analyzes Appropriate 
Use of ICDs for Primary Prevention 
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THIS PAPER ANALYZES DATA FROM THE NATIONAL ICD REGis-
try, which tracks ICD implantations for the primary 

prevention of sudden death in the United States. Data re-
ported from virtually all U.S. hospitals that implant ICDs 
in adults were analyzed by the authors and compared to 
published, evidence-based criteria for ICD implantation. 
Guidelines from both the ACC/AHA/HRS Device-Based 
Therapy writing group and the Center for Medicare & 
Medicaid Services (CMS) were considered. Specifically, 
patients were classified as receiving a non-evidence-based 
ICD implant if they met any of the following criteria: 1) 
myocardial infarction within 40 days of implantation; 2) 
coronary artery bypass surgery within three months be-
fore ICD implantation; 3) New York Heart Association 
class IV symptoms; or 4) diagnosis of congestive heart 
failure within less than 3 months of ICD implantation. Pa-
tients were classified as receiving an evidence-based ICD 
implant if none of those criteria were met. Once the data 
were collected, the authors compared the number, the de-
mographics, and the clinical characteristics between the 
non-evidence-based and evidence-based implant groups. 
Implantation patterns at various hospitals, and by implant-
er groups, were analyzed, as were in-hospital outcomes 
reported in the registry. Implanting physicians were char-
acterized as electrophysiologists, non-electrophysiologist 
cardiologists, thoracic surgeons, and others. Patients who 
received a resynchronization-therapy implant were ex-
cluded from this analysis, and only patients with primary 
prevention indications were included.

The final dataset analyzed included 111,707 initial 
primary prevention ICD implants that occurred between 
Jan. 1, 2006 and Jan. 30, 2009. Of these implants, 25,145 
(22.5%) did not have an evidence-based criterion for 
implant. This included 9,257 patients in whom the im-
plant occurred within 40 days of a myocardial infarction 
(36.8% of this group), 814 in patients who received their 
ICD within 3 months of coronary artery bypass surgery 
(3.2%), 3,322 in patients with New York Heart Associa-
tion (NYHA) class IV heart failure (12%), and 15,604 
patients with newly diagnosed (within 3 months) heart 
failure (62.1%). Patients could be listed in more than one 
group. In comparison to the 86,502 evidence-based ICD 
implant recipients, patients in the non-evidence-based 
group were significantly older and had a more comorbid 
disease. Non-evidence-based ICD recipients were more 

likely to have heart failure, atrial fibrillation, ischemic 
heart disease, cerebrovascular disease, chronic lung dis-
ease, diabetes, end-stage renal disease, and to receive a 
dual-chamber ICD. The risk of in-hospital death was 
0.57% among patients who received a non-evidence-
based device, compared to 0.18% among patients who 
received an evidence-based device. Procedural complica-
tions were more common in the non-evidence-based ICD 
group. The overall reported complication rate was 3.23% 
in the former group vs. 2.41% in the latter group. As might 
be expected from these differences, the median length of 
hospital stay was significantly longer in patients who re-
ceived a non-evidence-based ICD, compared to patients 
who received an evidence-based ICD (3 days vs. 1 day; 
p < 0.001). There was a wide variation in the distribution 
of the percentage of non-evidence-based ICD implants 
among the implanting hospitals included in the survey. 
Some institutions had more than 30% of their implants 
not meeting evidence-based criteria. When the implanting 
physician’s specialty was examined, electrophysiologists 
were more likely than other groups to follow evidence-
based criteria in selecting patients for implants. There was 
no decrease in the rate of non-evidence-based implants 
over the time period covered in the registry. 

The authors concluded that a substantial fraction of 
ICD implants do not meet evidence-based criteria based 
on data reported to the National ICD Registry. Patients 
who received non-evidence-based ICDs had more com-
plications and were more likely to receive their devices at 
certain sites and by non-electrophysiology certified phy-
sicians. The authors encourage feedback to hospitals and 
providers to improve adherence to practice guidelines 
and eventually practice guidelines.

■ COMMENTARY
Why are ICDs being implanted in patients who do not 

meet established criteria for ICD therapy? There is al-
most certainly no single answer. Some implants undoubt-
edly are performed in knowing violation of the published 
guidelines. Those with experience in the field have all 
heard some implanters state that the current guidelines 
are too restrictive and that they know better than the lit-
erature who “needs” an ICD. Data from the ICD Regis-
try, and enforcement actions by CMS and other payers, 
will hopefully change the practices of those who prefer to 

By John P. DiMarco, MD, PhD 
Professor of Medicine, Division of Cardiology, University of Virginia, Charlottesville 
Dr. DiMarco does research for Medtronic, is a consultant for Medtronic, Novartis, and St. Jude, and is a speaker for Boston Scientific.

Source: Al-Khatib SM, et al. Non-evidence-based ICD implantations in the United States. JAMA. 2011;305:43-49.
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base decisions on anecdote rather than data. 
The ICD Registry data presented here estimate that 

22.5% of all primary prevention ICD implants are not 
evidence-based. Unfortunately, although this paper high-
lights what may be a significant problem, I don’t have 
great confidence in the actual value. At the time of im-
plant, an ICD Registry form is filled out for almost every 
ICD recipient. In my own lab, we started out with the 
form being completed by the EP lab procedural staff. 
However, when we rechecked the forms as a quality-
assurance exercise, we found multiple errors. Eventually, 
we instituted a program where a trained nurse and /or 
physician had to sign off on the form before it was sub-
mitted. Even with a sophisticated person filling out the 
data, it’s sometimes hard to say whether a recent MI had 

occurred, date the onset of heart failure, or assign the cur-
rent NYHA class. Is a small troponin leak a true MI? Is 
just a history of progressive symptoms over time before 
a patient was evaluated for the ICD enough to date the 
onset of heart failure? How do you classify someone who 
was in Class IV heart failure 2 days ago when he or she 
was admitted but is now improving and may get back to 
a lower baseline class. Even ejections fractions can have 
significant variability over time. Which value should you 
pick — the most recent or the one that meets criteria? 

This paper focuses attention on what may be a sig-
nificant quality problem in cardiology practice. Further 
studies that look more closely at the source data will 
be required before we know the true magnitude of this 
problem.  ■

Abstract & Commentary

Study Reveals Optimal Use of Cardiac Resychronization 
 
By John P. DiMarco, MD, PhD 
 
Source: Cardiac-resynchronization therapy for mild-to-moderate heart failure. Tang ASL, et al. N Engl J Med. 2010; 
363:2385-2395.

THIS PAPER REPORTS RESULTS FROM THE RESYNCHRONI-
zation-Defibrillation for Ambulatory Heart Failure 

Trial (RAFT). This was a multicenter, double-blind, 
randomized trial testing the hypothesis that addition of 
resynchronization therapy (CRT) to an ICD, compared 
to an ICD only in patients with New York Heart As-
sociation (NYHA) class II or class III symptoms, left 
ventricular systolic dysfunction, and a widened QRS 
complex would improve survival and reduce hospital-
izations. The study was conducted in 34 centers out-
side the United States, with 24 of these centers in Can-
ada. Initially, eligible patients could have either NYHA 
class II or class III symptoms of heart failure despite 
receiving optimal medical therapy. After the trial was 
underway, class III heart failure became an accepted 
criterion for CRT. The protocol was then modified such 
that only patients with NYHA class II symptoms could 
be enrolled. All patients had a left ventricular ejection 
fraction of 30% or less. Patients with either ischemic or 
nonischemic heart disease were eligible. All had an in-
trinsic QRS duration of 120 m/sec, or more of a paced 
QRS duration of 200 m/sec or more, and were sched-
uled for ICD implantation for either primary or sec-
ondary prevention of sudden cardiac death. Baseline 

evaluations included history and physical examination, 
a six-minute walk test, a quality-of-life assessment, 
and a medication evaluation to ensure optimal medical 
therapy. Patients enrolled were randomly assigned in a 
1:1 ratio to receive either an ICD only or an ICD with 
resynchronization therapy (ICD-CRT). At the time of 
implant, programming of the device was standardized 
to minimize ventricular pacing in the ICD-only group 
and to maximize ventricular pacing in the ICD-CRT 
group. Uniform arrhythmia detection and therapy set-
tings were employed. Patients were then seen periodi-
cally in follow-up until the end of the trial. The primary 
outcome was death from any cause or a hospitalization 
related to heart failure. Admissions for other medical 
problems that then were complicated by worsened 
heart failure during the hospitalization were not clas-
sified as heart-failure hospitalizations. Events were 
adjudicated by a committee that was blinded to study-
group assignments. Secondary outcomes included 
all-cause mortality and cardiovascular mortality. Pre-
planned subgroup analyses of patients with class II vs. 
class III heart failure were performed. 

Over a six-year period from 2003 to 2009, a total 
of 1,798 patients were enrolled in RAFT. The clinical 
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characteristics were similar to those for earlier ICD 
and CRT studies. Of the total group, 80% had NYHA 
class II and 20% NYHA class III symptoms. The mean 
left ventricular ejection fraction was 22.6%. Patients 
were treated with appropriate heart-failure regimens, 
with 90% receiving beta blockers, 96% receiving an 
ACE inhibitor or angiotensin receptor blocker, and 
42% receiving spironolactone. The two groups were 
also well-matched with regard to QRS duration, six-
minute walk test time, estimated glomerular filtration 
rate, and other clinical parameters. After randomiza-
tion, five patients in the ICD group and six patients in 
the ICD-CRT group did not receive device implants. In 
the ICD group, a left ventricular lead could be success-
fully implanted in 841 of 888 patients (94.7%). In 39 
of these patients, a second procedure was required to 
achieve a successful implant.

During the course of the study, five patients in the 
ICD group either withdrew or were lost to follow-up, 
compared to 10 patients in the ICD-CRT group. Twelve 
patients underwent cardiac transplantation during the 
course of the study (five in the ICD group and seven in 
the ICD-CRT group). Crossovers from ICD to ICD-CRT 
therapy occurred in 96 patients. In the ICD-CRT group, 
53 patients (6%) did not receive CRT either because of 
left ventricular lead failure (47) or malfunction (6). 

There were 364 deaths or hospitalizations for 
heart failure among the 904 patients in the ICD group 
(40.3%) as compared with 297 deaths or heart-failure 
hospitalizations among the 894 patients in the ICD-
CRT group (33.2%). By life-table analysis, the hazard 
ratio (HR) for the primary endpoint was 0.75, with a 
95% confidence interval (CI) of 0.64 to 0.87; p < 0.001. 
There were 422 deaths in the two study groups. The 
time to death was significantly prolonged in the ICD-
CRT group (HR 0.75, 95% CI, 0.62 to 0.91; p = 0.003). 
Using a number needed to treat analysis, this would 
translate to 14 patients who would need to be treated 
for five years with ICD-CRT in order to prevent one 
death. Interestingly, the number of hospitalizations for 
any cardiac cause was similar between the two groups 
(404 ICD; 423 ICD-CRT), but the number of hospital-
izations for heart failure was significantly reduced in 
the ICD-CRT group (19.5% compared to 26.1%). This 
was partly attributable to the higher number of device-
related hospitalizations in the ICD-CRT group with 
179 such hospitalizations (20%) as compared to 110 in 
the ICD group. When patients were analyzed accord-
ing to heart-failure class, similar patterns were seen in 
both the NYHA class II and class III groups. ICD-CRT 
therapy was more effective in patients with longer QRS 
durations (equal or above 150 m/sec or more), with 

a hazard ratio of 0.59 compared to a hazard ratio of 
0.99 in those with shorter QRS durations. In addition, 
patients with a left-bundle branch-block morphology 
experienced more benefit than those with either non-
specific intraventricular conduction defects or a right-
bundle branch block. Similar benefits were seen with 
ICD-CRT in patients with either ischemic or nonisch-
emic causes of heart failure. Complications were more 
common in the ICD-CRT group. During the first 30 
days after device implantation, there were 118 device- 
or implantation-related complications among the 888 
patients in the ICD-CRT group (13.3% compared to 
only 61 such problems among the 899 patients in the 
ICD group (7.5%). This was due to an increase in the 
frequency of pneumothorax, hematoma, lead dislodge-
ment requiring intervention, device pocket problems, 
and coronary sinus dissection in the ICD-CRT group. 

The authors concluded that addition of CRT to the 
use of an ICD in the setting of optimal medical therapy 
reduced rates of death and hospitalization for heart fail-
ure in patients with NYHA class II and class III heart 
failure, left ventricular systolic dysfunction, and a wide 
intrinsic QRS complex. This survival benefit should be 
considered in light of the decreased battery longevity and 
the increased rate of complications seen with the more 
complicated devices. 

■ COMMENTARY
This excellent study points out for us the risks and 

benefits of extending CRT indications in heart-failure 
patients scheduled to receive an ICD. Although both 
mortality and heart-failure morbidity were improved, 
these improvements came at the price of increased de-
vice-related complications and decreased battery lon-
gevity. How then can we use these data to guide our 
clinical practices? I find the subgroup analyses in this 
study particularly helpful. Patients with baseline QRS 
durations at or above 150 m/sec and those with a left-
bundle branch morphology were most likely to benefit. 
In patients with these findings at baseline, the increased 
cost and risk for complication associated with CRT is 
certainly justifiable. If these findings are not present, the 
risks remain, but the probability of benefit is low. In the 
latter situation, my preference is to implant an ICD only 
if the patient has Class II symptoms and then consider 
an upgrade if the heart failure worsens. We also care-
fully re-evaluate the clinical status of our patients prior 
to ICD generator changes and consider CRT in those 
we think likely to benefit. This relatively conservative 
approach seems to me to be the best response to the data 
presented here in RAFT and in the earlier MADIT-CRT 
trial (N Engl J Med. 2009;361:1329-1338).  ■  
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THIS PAPER DESCRIBES THE RESULTS OF A STUDY WHICH 
compared two energy types, cryoenergy and radio-

frequency (RF), for catheter ablation in patients with 
atrioventricular nodal reentrant tachycardia (AVNRT). 
This study was performed at six European and one 
Chinese center each of which have a large volume of 
patients undergoing electrophysiologic studies and cath-
eter ablation procedures. Patients with inducible at elec-
trophysiologic study were randomly assigned to abla-
tion using either cryoablation or radiofrequency energy. 
In the cryoablation group, the investigators used a 6-mm 
tipped cryoablation catheter for both mapping and ab-
lation. With this catheter, they performed cryomapping 
to localize likely ablation sites. During cryomapping, 
the catheter tip is cooled to -30 degrees Celsius. This 
produces transient and reversible electrophysiologic 
changes with no risk for permanent damage. By repeat-
ing stimulation during cryomapping, they were able 
to localize the position of the AV nodal slow pathway. 
Once they identified a site at which induction of AVNRT 
during cryomapping was prevented, they delivered two 
4-minute lesions with the tip cooled to -80 degreees Cel-
sius. Repeat attempts to induce AVNRT were made dur-
ing lesion delivery. Fast pathway conduction was also 
monitored to avoid inadvertent fast pathway damage. 
In the RF ablation group,  a  4-mm tipped RF catheter 
was used to map the slow pathway. Electrogram char-
acteristics including the A:V ratio and the presence of a 
slow pathway potential-guided ablation. Ablations were 
performed during sinus rhythm. The occurrence of ac-
celerated junctional beats during ablation was used as an 
indicator of a probably successful ablation site. 

The endpoints for the cryoablation procedure was 
the elimination of inducible AVNRT and the absence 
of more than a single AV nodal echo beat during repeat 
atrial stimulation. The primary endpoints for the com-
parison included short-term ablation efficacy, efficacy 
after six months and ablation-induced AV block that re-
quired pacemaker implantation. The authors also mea-
sured procedure and fluoroscopy times, device-related 

complications, and pain during the ablation procedure. 
A total of 509 patients with inducible AVNRT were 

entered into the trial. Of these, 258 were randomized to 
radiofrequency and 251 to cryoablation. Thirteen pa-
tients were lost to follow-up, 7 in the RF group and 6 
in the cryoablation group. The patients were all over 18 
years of age and two-thirds were female. The mean age 
was 51.5 + 15.5 years. Ninety-eight percent of the pa-
tients had the typical or slow-fast form of AVNRT. 

Procedural success was noted in 243 of 251 patients 
in the cryoablation group (96.8%) and 254 of 258 pa-
tients (98.4%) in the radiofrequency catheter ablation 
group (p = 0.255). No patient in the cryoablation group 
developed catheter-induced AV block. In the radiofre-
quency ablation group, one patient developed complete 
AV block twenty hours after the ablation and required 
permanent pacing. Ablation-induced permanent first 
degree AV block was also noted in two patients. At the 
six month time point, recurrent AVNRT had been docu-
mented in 23 of 243 patients (9.4%) in the cryoenergy 
group and in 11 of 254 (4.3%) in the radiofrequency 
group. Almost all of these patients underwent repeat 
procedures using radiofrequency and were long-term 
successes. The difference in recurrence rates between 
the cryoablation group and the radiofrequency ablation 
group was significant with a p value of 0.029. 

Procedure duration was significantly longer in the 
cryoablation group. Fluoroscopy times were similar, but 
the total procedure time was 18 minutes longer. It was also 
noted that the cryoablation generator and leads were more 
susceptible to malfunction during the procedure. Device 
malfunctions were noted in 13 cryoablation patients ver-
sus only two radiofrequency ablation patients. Pain was 
decreased using cryoablation. The subjective pain score in 
the radiofrequency group was 20.3 + 22 on a scale of 1 to 
100. In the cryoablation group, it was 7.3 + 13.9. 

■ COMMENTARY
Cryoablation takes several minutes to produce a 

permanent lesion. If AV block is noted during a lesion 

Abstract & Commentary

Cryo-ablation vs. Radiofrequency for AVNRT 
 
By John P. DiMarco, MD, PhD 
 
Source: Deisenhofer I, et al. Cryoablation versus radiofrequency energy for the ablation of atrioventricular nodal 
reentrant tachycardia (the CYRANO Study): Results from a large multicenter prospective randomized trial.  
Circulation. 2010;122:2239-2245.
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 Left Atrial Pouch and Stroke[IN FUTURE ISSUES] 

CME Objectives
Upon completion of this educational activity, participants should be able to:

 discuss the most 
current information 
related to cardiac 
illness and the 
treatment of cardiac 
disease;

  explain the 
advantages and 
disadvantages, as 
well as possible 
complications of 
interventions to treat 
cardiac illness; 

 discuss the advantages, 
disadvantages, and 
cost-effectiveness of 
new and traditional 
diagnostic tests in the 
treatment of cardiac 
illness; and

  discuss current data 
regarding outpatient 
care of cardiac 
patients.

CME Questions

6. The use of protein pump 
inhibitors with clopidogrel is:

a. a prohibited, black-box FDA 
warning.
b. completely safe.
c. malpractice.
d. controversial.
 
 

7. Pulse-less electrical activity is 
often preceded by a history of 
_______?

a. angina

b. dyspnea

c. syncope 

d. palpatations

  

 
8. Cryoablation vs. radio 
frequency for AVNRT:
 a. takes longer.
b. often causes AV block.
c. is preferable in the elderly.
d. is more effective.

Answers: 6. (d); 7. (c); 8. (a)

application with cryoenergy, the application 
can be discontinued and the tissue rewarmed 
with complete recovery of conduction. In 
contrast, radiofrequency application can 
produce permanent damage within seconds. 
Therefore, most electrophysiologists recog-
nize that they need to carefully monitor VA 
conduction during the periods of accelerated 
junctional rhythm and need to be prepared 
to immediately turn off RF application if any 
VA block is noted. With careful attention to 
technique, the inadvertent production of per-
manent AV block should be very uncommon 
— probably in the range of 1 in 200 cases as 
seen in this trial. It should remembered, how-
ever, that these were mostly middle-aged, 
adult patients. Cryoablation seems to be most 
popular among pediatric electrophysiolo-
gists. Here, the consequences are producing 
life-long AV block in a child or adolescent 
are greater and the size of the heart in which 
the ablation lesions must be delivered may 
be smaller. Therefore, I favor cryoablation in 
children under the age of 13 or 14. The small 
increment in safety seems to fully justify the 
increased need for a repeat procedure. I also 

use cryoablation in selected patients where 
the slow pathway-ablation site appears to be 
very close fluoroscopically, or on 3-D map-
ping, to the bundle recording catheter. This is 
not common, but I do switch from RF to cryoen-
ergy in perhaps 5% of my AVNRT cases. Fi-
nally, cryoablation has unique advantages in 
patients with anteroseptal pathways and with 
septal atrial tachycardias close to the AV node 
and should often be used in those situations. 
The latter 2 conditions are times when cryo-
ablation is clearly the better approach

It should also be noted that in this paper 
the authors accepted one AV nodal echo beat 
after cryoenergy delivery as an acceptable 
outcome. Some electrophysiologists who use 
cryoablation frequently say that all AV nodal 
echo beats should be eliminated with cryoen-
ergy even though this does not seem to be re-
quired with radiofrequency energy. It is pos-
sible that further applications to eliminate the 
single echo beat seen in some of the patients 
here might have decreased the recurrence rate. 
This would likely have increased the proce-
dure time but may have brought the recurrence 
rate down to more acceptable levels.  ■   
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Immunochemical 
FOBT and low- 
dose aspirin

Source: Brenner H, et al. Low-dose as-
pirin use and performance of immuno-
chemical fecal occult blood tests. JAMA 
2010;304:2513-2520.

IMMUNOCHEMICAL FECAL OCCULT BLOOD 
testing (i-FOBT) is becoming increas-

ingly popular as a screening tool for 
colorectal cancer (CRC). At the same 
time, the number of persons taking long-
term low-dose aspirin (ASA) for CV 
disease risk reduction is also increas-
ing. Concern has been expressed that 
the predictable increase in GI bleeding 
associated with ASA would decrease 
the specificity of i-FOBT by increasing 
false positives. At the same time, it has 
been suggested that consequences of  
i-FOBT to detect upper GI bleeding may 
have been overestimated, since the glo-
bin chains detected by i-FOBT typically 
are degraded progressively during pas-
sage through the GI tract, and are hence 
less available for i-FOBT identification 
than bleeding more distal in the GI tract. 
Finally, utilization of ASA might also in-
crease the risk of bleeding of CRC, thus 
enhancing likelihood of detection. 

To assess the relationship between 
ASA, i-FOBT, and results of CRC 
screening, Brenner et al reported on al-
most 2000 adults who underwent CRC 
screening, 12% of whom were regular 
ASA users.

Sensitivity (the number of positive 
tests in persons confirmed to have ad-
vanced GI neoplasms) of i-FOBT was 
greater in ASA users than non-users.  

i-FOBT specificity (the number of nega-
tive tests in persons without advanced GI 
neoplasms) was minimally reduced. 

Chronic low-dose ASA does not ap-
pear to compromise the ability of i-
FOBT to detect advanced GI neoplasia, 
with a modest decrease in specificity.  �

Aerobic vs resistance 
exercise for type 2  
diabetes

Source: Church T, et al. Effects of aero-
bic and resistance training on hemoglo-
bin A1c in patients with type 2 diabetes. 
JAMA 2010;304:2253-2262.

MOST PERSONS WITH TYPE 2 DIABETES 
(DM2) are overweight or obese. 

Exercise is routinely advised for DM2, 
although whether a particular method  
of exercise has an advantage for optimi-
zation of glycemic control is not well 
defined. 

Church et al compared the effects of 
aerobic exercise (AER), resistance train-
ing (RES), or the combination (AER + 
RES) vs placebo in previously sedentary 
mid-life DM2 adults (mean age = 56 
years). Participants engaged in the pre-
scribed activities for 9 months. The pri-
mary outcome was change in A1c from 
baseline.

At the conclusion of the trial, only the 
AER + RES provided statistically signif-
icant reduction in A1c compared to pla-
cebo; AER alone or RES alone did not. 

It would be unfortunate if clinicians 
were to interpret this trial as indicating 
a lack of value of either AER or RES 
alone. All exercise groups had favorable 
changes in anthropomorphic metrics, 

and exercise has been shown to be asso-
ciated with a favorable impact upon car-
diovascular risk in large population stud-
ies, an effect that may be independent of 
glycemic effects.  �

Atrial fibrillation risk: 
Choose your parents 
wisely

Source: Lubitz SA, et al. Association be-
tween familial atrial fibrillation and risk 
of new-onset atrial fibrillation. JAMA 
2010;304:2263-2269.

A FAMILIAL COMPONENT CONTRIBUTES 
to atrial fibrillation (a-FIB) risk, 

such that independent of other risk fac-
tors (e.g., hypertension), having a first-
degree relative with a-FIB increases risk. 

Using data from participants (n = 
11,971) in the Framingham Heart Study, 
Lubitz et al examined the relationship 
between having a first-degree relative 
(sibling or parent) with a-FIB and sub-
sequent development of a-FIB during an 
8-year window of observation.

Subjects with a positive family history 
had an increased risk of a-FIB compared 
to those without a family history (5.8% 
vs 3.1% over 8 years). Risk increased 
further with the number of family mem-
bers affected by a-FIB. The younger the 
age of a-FIB onset in a family member, 
the greater the increase in a-FIB risk. 

Overall, having a positive family his-
tory for a-FIB increased risk of new-
onset a-FIB by 40%. Of all risk factors 
for a-FIB, hypertension is responsible 
for the largest population-attributable 
risk; whether treatment of hypertension 
in persons with demonstrated increased 
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risk for a-FIB because of family history 
might provide reduction in a-FIB risk re-
mains to be determined.  �

The effects of obesity 
upon activity of short-
acting insulin analogs

Source: Gagnon-Auger M, et al. Dose-
dependent delay of the hypoglycemic 
effect of short-acting insulin analogs  
in obese subjects with type 2 diabetes:  
A pharmacokinetic and pharmacody-
namic study. Diabetes Care 2010;33:
2502-2507.

THE MOST RECENT ADA/EASD ALGORITHM 
for management of type 2 diabetes 

(DM2) indicates basal insulin as an ap-
propriate next step if glycemic goals are 
not attained with metformin and lifestyle 
interventions. After fasting glucose lev-
els are controlled on basal insulin regi-
mens, it is common to use prandial bolus 
insulin (especially short-acting insulin 
analogs) if A1c goals have not been 
reached. The activity profile of short- 
acting insulin analogs has been estab-
lished by trials in either lean healthy 
subjects or type 1 diabetics; neither pop-
ulation may be pharmacokinetically or 
pharmacodynamically concordant with 
DM2, and most are overweight or obese. 
To examine these issues, obese DM2 
subjects (n = 7) received lispro insulin 

and were monitored for time to peak 
insulin concentration, maximal attained 
insulin concentration, and efficacy for 
reducing glucose.

Absorption of low-dose lispro (10 
units) was similar in DM2 and controls, 
but its hypoglycemic effect was less in 
obese persons. At higher doses (30 units 
and 50 units), however, both absorption 
and efficacy were diminished in obese 
DM2 subjects. The authors challenge 
the current perceptions of the utility of 
short-acting insulin analogs in DM2, 
reminding us that the purpose of pran-
dial insulin is to provide rapid rise and 
rapid glucose-lowering effects, both of 
which appear to be diminished in obese 
individuals. In any case, these data con-
firm that clinicians might anticipate pro-
portionately less “bang-for-the-buck” as 
they up-titrate short-acting insulin ana-
log doses in obese DM2.  �

Capitalizing on the 
second-meal effect  
in type 2 diabetes

Source: Chen JM, et al. Utilizing the sec-
ond-meal effect in type 2 diabetes: Practi-
cal use of a soya-yogurt snack. Diabetes 
Care 2010;33:2552-2554.

IT IS PROBABLY NOT WIDELY KNOWN THAT 
Mom was right — at least as it per-

tains to diabetes — that you should NOT 
skip breakfast. Why? Because of the 
“second-meal effect,” a little-recognized 
physiologic response that can have a po-
tentially favorable effect on glucose.

The way the “second-meal effect” 
works is like this: When breakfast is eat-
en, the degree of hyperglycemia seen af-
ter lunch is less than if the same amount 
of calories are given without having eat-
en breakfast. It has been suggested that 
the improved glucose level is related to a 
reduction in preprandial free fatty acids, 
which allows for greater storage of mus-
cle glycogen during a second meal (and 
hence a greater disappearance of glucose 
from the plasma). This phenomenon oc-
curs in both diabetic and non-diabetic in-
dividuals. Based upon this observation, 
Chen at al hypothesized that perhaps 
providing a pre-breakfast snack would 
reduce post-breakfast hyperglycemia.

Diabetic subjects (n = 10) were ad-
ministered a snack of soya beans and 
yogurt 2 hours before breakfast. For 
scheduling convenience, the snack was 
administered at 8 am, and breakfast at 
10 am.

Plasma glucose 2 hours after break-
fast was significantly lower in the group 
who received the snack. Since postpran-
dial glucose levels have been associated 
with adverse cardiovascular outcomes in 
diabetics, it might be both desirable and 
possible to manipulate post-meal hyper-
glycemia without using medications.  �

Seeking the best  
diet for weight-loss 
maintenance

Source: Larsen TM, et al. Diets with high 
or low protein content and glycemic index 
for weight loss maintenance. N Engl J 
Med 2010;363:2102-2013.

IDENTIFYING THE “BEST” DIET TO ACHIEVE 
and maintain weight loss in over-

weight persons has been an elusive task. 
Even if a person is successful at reducing 
weight using a highly calorie-restricted 
diet over the short term, the choice of a 
preferred maintenance diet over the long 
term is ill-defined.

Larsen et al enrolled overweight 
adults who had successfully lost at least 
8% of their initial body weight, and 
randomized them into diets based upon 
protein content and glycemic index. Five 
subgroups were thus defined based upon 
high or low protein (PRO) and glycemic 
index (GIN): high GIN + high PRO, high 
GIN + low PRO, low GIN + high PRO, 
low GIN + low PRO, and control). All 
subjects followed their respective diets 
for 26 weeks. 

Both high PRO and low GIN were 
independently associated with lesser 
weight regain. Overall, adherence to diet 
and maintenance of weight loss was best 
with the high PRO + low GIN diet. It is 
possible that even greater benefit could 
have been achieved in relation to protein, 
because the actual separation of protein 
content between high PRO and low PRO 
of 5.4% was substantially less than the 
intended 12%.  �
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In this issue: Statins and liver function; dosing 
timing for thyroxine; rivaroxaban for VTE, DVT, 
and stroke; echinacea and the common cold; and 
FDA actions. 

Statins and liver function
Most physicians are hesitant to use statins in 

patients with abnormal liver function tests (ALT or 
AST less than three times the upper limit of normal). 
A new study suggests that not only are statins safe 
and effective, they may improve liver abnormali-
ties in patients with fatty liver. In a study recently 
published in the Lancet, 437 patients enrolled in the 
Greek Atorvastatin and Coronary Heart Disease 
Evaluation study population were noted to have 
moderately abnormal liver tests at baseline, which 
were possibly associated with non-alcoholic fatty 
liver disease. Of that group, 227 were treated with 
a statin (atorvastatin) and 210 were not. Patients 
treated with a statin had substantial improvement 
in liver tests (P < 0.0001), whereas the group not 
treated with a statin had further increases in liver 
enzyme concentrations. Cardiovascular events 
occurred in 10% of atorvastatin-treated patients 
vs 30% of the non-statin group (60% relative risk 
reduction; P > 0.0001). This was a greater improve-
ment in benefit than seen in patients with normal 
liver function tests. Fewer than 1% of the partici-
pants who received a statin had to discontinue statin 
treatment because of transaminase concentrations 
more than three times the upper limit of normal. 
The authors concluded that “statin treatment is safe 
and can improve liver tests and reduce cardiovas-
cular morbidity in patients with mild to moderately 
abnormal liver tests that are potentially attribut-
able to nonalcoholic fatty liver disease” (Lancet 
2010;376:1916-1922).  �

Dosing timing for thyroxine
When is the best time to take thyroxine? Patients 

are generally told to take it on an empty stomach 
in the morning and wait at least 30 minutes before 
eating. A new study suggests that taking thyroxine 
at bedtime might be a better option. Over 6 months, 
105 patients were randomized to take 1 capsule in 
the morning and 1 capsule at bedtime (one contain-
ing levothyroxine and the other a placebo), with a 
switch after 3 months. Taking levothyroxine at bed-
time lowered thyrotropin levels and increased free 
thyroxine and total triiodothyronine levels (the pri-
mary outcome). Treatment did not change second-
ary outcomes including quality of life. The authors 
concluded that taking levothyroxine at bedtime is 
a good alternative to morning intake (Arch Intern 
Med 2010;170:1996-2003). This would likely ben-
efit patients who find it difficult to wait 30 minutes 
to eat after taking their thyroxine each morning.  �

Rivaroxaban: an oral, factor Xa inhibitor
Rivaroxaban is an oral, direct factor Xa inhibi-

tor that is approved in several countries for the 
prevention of venous thromboembolism (VTE) after 
orthopedic surgery. It is currently being evaluated 
by the FDA for this indication. Based on the find-
ings of the EINSTEIN study, it appears the drug is 
also effective for the treatment of acute deep vein 
thrombosis (DVT). EINSTEIN consists of three ran-
domized trials of rivaroxaban, one for the treatment 
of acute DVT, one for treatment of acute pulmo-



2 PHARMACOLOGY WATCH® / February 2011

nary embolism, and one for continued, long-term 
treatment in patients who have received treatment 
for acute DVT or pulmonary emboli. The results of 
the first and third wings of the study were recently 
reported in the New England Journal of Medicine. 

In the DVT treatment arm, 3449 patients with 
acute DVT were randomized to rivaroxaban (50 
mg twice daily for 3 weeks, followed by 20 mg 
once daily) or subcutaneous enoxaparin followed 
by a vitamin K antagonist (either warfarin or 
acenocoumarol) for 3, 6, or 12 months. In the con-
tinued treatment wing of the study, patients were 
randomized in a double-blind fashion to rivaroxa-
ban 20 mg once daily or placebo for additional 6 
or 12 months after completion of 6-12 months 
of treatment for VTE. The primary outcome for 
both studies was recurrent DVT. For the treat-
ment of acute DVT, rivaroxaban was non-inferior 
to enoxaparin-vitamin K antagonist (hazard ratio 
[HR], 0.68; 95% confidence interval [CI], 0.44-
1.04; P < 0.001). In the continued treatment study, 
rivaroxaban had superior efficacy compared to 
placebo (8 events [1.3%] vs 42 events [7.1%] with 
placebo; HR 0.18; 95% CI, 0.09-0.39; P < 0.001). 
There were four patients in the rivaroxaban group 
with non-fatal major bleeding vs none in the pla-
cebo group. The EINSTEIN authors concluded 
that “Rivaroxaban offers a simple, single-drug 
approach to the short-term and continued treat-
ment of venous thrombosis that may improve the 
benefit-to-risk profile of anticoagulation” (N Engl J 
Med 2010;363:2499-2510). 

Rivaroxaban is also being evaluated for the pre-
vention of stroke in patients with nonvalvular atrial 
fibrillation based on the ROCKET AF study, which 
was presented at the American Heart Association 
meetings in November 2010. If approved, it will 
join the recently approved direct thrombin inhibi-
tor dabigatran (Pradaxa®) for this indication. Both 
drugs have the advantage over warfarin of not 
requiring ongoing lab monitoring.  �

Echinacea and the common cold
The National Center for Complementary and 

Alternative Medicine (NCCAM), a division of NIH, 
has been in existence for nearly 20 years, much of 
the time under the intense scrutiny of the mainstream 
medical community. Despite NCCAM’s attempts to 
verify the effectiveness of alternative healing prac-
tices, most if not all rigorously studied modalities 
have been shown to be ineffective. The benefit of 
another alternative staple, echinacea, is questioned 
with the publication of a NCCAM-sponsored study 
testing the benefit of the herbal remedy for treat-

ing the common cold. More than 700 patients 
in Wisconsin with new-onset common cold were 
assigned to one of four groups: no pills, placebo pills 
(blinded), echinacea pills (blinded), or echinacea pills 
(unblinded). The primary outcome was severity of 
the cold by self reporting with secondary outcomes 
of interleukin-8 levels and neutrophil counts from 
nasal washes. The comparison of the two blinded 
groups showed a trend toward benefit for the echi-
nacea group (an average decrease in duration of 
cold of 7-10 hours out of 1 week; P = 0.089), but no 
difference in mean illness duration. There were no 
differences in the secondary outcomes. The authors 
concluded that the differences in illness duration 
and severity were not statistically significant with 
echinacea compared to placebo (Ann Intern Med 
2010;153:769-777).  �

FDA Actions
The FDA is removing the breast cancer indica-

tion for bevacizumab (Avastin-Genentech). The 
somewhat unusual move was made after an FDA 
advisory panel suggested last summer that the drug 
did not provide a survival benefit for patients with 
breast cancer and at the same time caused serious 
side effects. The drug is still approved for treating 
cancer of the brain, colon, kidney, and lung.

The FDA advisory panel is recommending 
approval for the first new diet pill in a decade. 
Orexigen Therapeutics’ Contrave® is a combina-
tion of the antidepressant bupropion and the opioid 
antagonist naltrexone. The drug was recommended 
for approval by a vote of 13-7, with some commit-
tee members voicing concern about potential side 
effects of the drug and recommending close post-
marketing follow-up and studies to assess the risk 
of major cardiac events. The recommendation to 
approve the drug was based on studies that show an 
average weight loss 4.2% greater than placebo. 

The FDA has approved denosumab for the pre-
vention of skeletal related events (fracture and bone 
pain) in patients with bone metastases from solid 
tumors. The drug, which is given as a once monthly 
injection, was approved after a 6-month prior-
ity review. Denosumab is a monoclonal antibody 
to RANKL, a protein essential for the formation, 
function, and survival of osteoclasts. Denosumab 
in a lower-dose formulation was recently approved 
for the treatment of osteoporosis under the trade 
name Prolia™. Amgen Inc. will market the drug for 
this new indication under the trade name Xgeva™. 
It is expected to compete strongly with Novartis 
Pharmaceutical’s zoledronic acid (Zometa®), which 
is approved for the same indication.  �


