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JAMA 2007]. In a major trial substudy, continuous 3-lead 
electrocardiography recordings were obtained for 6,351 
patients during the first 7 days after randomization. 

Benjamin Scirica, MD, Brigham and Women’s Hospital, 
Boston, Massachusetts, reported the findings of the 
arrhythmia endpoints analysis within MERLIN-TIMI 36. 
Dr. Scirica reviewed the novel mechanism of action of 
ranolazine, an inhibition of the late phase of the sodium 
current, one consequence of which is a reduction of 
the detrimental electrophysiologic effects associated 
with intracellular sodium and calcium overload in the 
myocardium [Antzelevitch C et al. Circulation 2004]. 
Because ranolazine is known to cause a slight prolongation 
of the QT interval, there was concern that ranolazine 
might have pro-arrhythmic effects such as had been 
observed with other drugs that prolong the QT interval 
such as some class IC anti-arrhythmic, fluoroquinolone 
antibiotics, and anti-histamines. 

Dr. Scirica reported that evaluation of the 
electrocardiography recordings for a prespecified set of 
arrhythmias demonstrated that ranolazine resulted in 
significantly fewer episodes of ventricular tachycardia, 
supraventricular tachycardia, and bradyarrhythmias 
(Table 1). 

Table 1. Comparison of Arrhythmia Endpoints Associated 
with Ranolazine and Placebo in MERLIN-TIMI 36.

Arrhythmias
Ranolazine 

(%)
Placebo 

(%) P value

Ventricular tachycardia

≥3 beats 52.0 60.6 <0.001

≥8 beats 5.3 8.3 <0.001

Supraventricular events 

Supraventricular tachycardia ≥4 
beats

44.7 55.0 <0.001

New-onset atrial fibrillation 1.7 2.4 0.08

Bradycardic events

Rate <45 bpm, complete heart 
block,  
or pause ≥2.5 sec

39.8 46.6 <0.001

Pauses ≥3 sec 3.1 4.3 0.01

Ranolazine led to a 37% decrease in the risk of  
ventricular tachycardia of 8 beats or more (Figure 1). 
This significant effect occurred early, within 24 hours 
after treatment with ranolazine began, and persisted 
throughout the 7 days of monitoring. He added that the 
significant reduction in ventricular tachycardia persisted 
when the defined duration was extended to 10, 15, and 20 
or more beats. 

Figure 1. First Occurrence of Ventricular Tachycardia 
Lasting ≥ 8 Beats.
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The positive effect of ranolazine was consistent across 
several high-risk subgroups based on ejection fraction, 
corrected QT interval, TIMI risk score, history of heart 
failure, and the presence or absence of ischemia on 
electrocardiography. In addition, there was no evidence of a 
significant excess risk in either life-threatening arrhythmias, 
such as polymorphic ventricular tachycardia, or sudden 
cardiac death in patients treated with ranolazine.

The most “impressive and noteworthy” finding according 
to A. John Camm, MD, St. George’s Hospital Medical 
School, London, UK, who discussed the study, was 
the significant decrease in the incidence of ventricular 
tachycardia of 8 beats or more among patients with an 
ejection fraction of less than 40 (16.6% vs 8.8%; p=0.001). 
Dr. Camm further commented, “This trial suggests that 
ranolazine is anti-arrhythmic rather than pro-arrhythmic. 
It is very impressive and seriously adds to the convincing 
safety database ranolazine.” 

The full study report was published online on 5 September 
2007 (Circulation. 2007;116:000-000) and is available at 
and is available at: http://circ.ahajournals.org/

Subgroup Analysis of BENEFiT Trial 
to Evaluate Effect of Bosentan for 
Patients with CTEPH

Irene Lang, MD, Medical University of Vienna, Austria, 
presented the results of a pre-defined subgroup  
analysis from the bosentan for inoperable chronic 
thromboembolic pulmonary hypertension (BENEFiT) 
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trial. The BENEFiT study is the first double-blind,  
placebo-controlled trial designed to evaluate the safety 
and efficacy of bosentan for patients with inoperable 
chronic thromboembolic pulmonary hypertension 
(CTEPH), one of the leading causes of pulmonary arterial 
hypertension (PAH). 

CTEPH is characterized by obstruction of pulmonary 
vessels with organized thromboemboli. The obstruction 
promotes increased pulmonary vascular resistance, 
progressive PAH, and, subsequently, right heart failure. 
The treatment of choice for CTEPH is the surgical removal 
of the thrombus in the major pulmonary vessels (pulmonary 
endarterectomy). However, as many as 50% of patients 
may not be candidates for this surgery [Nick H & Kim S. 
AmThorac Soc 2006], and among patients who do undergo 
pulmonary endarterectomy, PAH persists or recurs in 
10-20% [Dartevelle P et al. Eur Respir J 2004]. Thus, other 
treatment options are needed. Prof. Lang and her colleagues 
chose to evaluate the use of bosentan in this setting because 
of its vasodilatory effects, which would reduce pulmonary 
vascular resistance. 

The BENEFIT trial involved 157 patients who were 
randomly assigned to receive bosentan (n=77) or  
placebo (n=80). The initial dose of bosentan was 62.5 mg 
BID for 4 weeks, followed by 125 mg BID for 12 weeks. The 
primary endpoints were pulmonary vascular resistance 
and 6-minute walk distance. Secondary endpoints 
included cardiac index, the level of N-terminal brain 
natriuretic propeptide (NT-pro-BNP), and the Borg 
dyspnea index (a measure of breathlessness). Subgroup 
analysis was performed to compare the treatment  
effects of bosentan (at 16 weeks) for the 113 patients 
who were not candidates for surgery (55 patients in  
the bosentan group; 58 in the placebo group) with the 
effects for the 44 patients who had persistent or recurrent 
PAH after pulmonary endarterectomy (22 patients in 
each group).

Prof. Lang reported that treatment with bosentan 
produced clinically relevant improvement in cardiac 
hemodynamic characteristics. Bosentan significantly 
reduced the pulmonary vascular resistance in both 
groups (p<0.0001), with a 17.5% reduction for inoperable 
patients and a 32.5% reduction for patients with persistent 
or recurrent PAH after pulmonary endarterectomy 
(Figure 1). Bosentan also significantly increased 
the cardiac index (mean 0.31 vs 0.25; p=0.0007) and 
significantly decreased the level of NT-pro-BNP (mean 
-654 vs -526; p<0.05) compared with placebo. Treatment 
with bosentan led to improvement in the Borg dyspnea 
index in patients with inoperable CTEPH but not in 
patients who underwent surgery (Figure 2). 

Figure 1. Bosentan Reduced PVR.
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Figure 2. Borg Dyspnea Index Improved in Patients with 
Inoperable CTEPH.
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Bosentan did not improve the 6-minute walk distance, 
the other primary endpoint of the study, in either  
group (-11.5 meters in patients with persistent/recurrent 
PAH and 8.8 meters in inoperable patients; p=0.5449). 
Prof. Lang suggested that this is most likely because  
the 16-week time point was not long enough for a 
difference in exercise capacity to occur. She added, 
“These are also older patients [mean age, 63 years] with  
many comorbidities, perhaps further diluting any  
change in the 6-minute walk test.” The safety of  
bosentan was consistent with that found in other studies 
of the drug for PAH. 

In concluding, Prof. Lang noted, “Prognosis in CTEPH 
patients is highly related to hemodynamics and 
hemodynamics is a limitation to surgery. So, we may be 
benefiting patients long-term or, in some cases, actually 
getting inoperable patients improved hemodynamically 
to where they can undergo surgery.” She added, “The 
results suggest we do have a medical option now for a no-
option population.”


