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Cardiac Rhythm Management // HF Therapy

CLS for CRT
Unique benefits for heart failure patients

SPAIN (2017)1

The SPAIN study is a randomized, prospective, double-blind placebo-controlled trial that investigated DDD-CLS pacing 
mode in 46 subjects  with recurrent syncope aged 40 years or older. The study specifically evaluated the effect of DDD-
CLS in reducing the overall number of syncope episodes compared to a DDI placebo mode over a period of two years. 
Enrolled subjects were separated into two groups: Group A (DDD-CLS pacing mode switching to DDI at 12 months) 
and Group B (DDI pacing mode switching to DDD-CLS at 12 months). If a subject in either group had more than three 
episodes of syncope in one month, their pacing assignment was also switched. For Group A subjects, 72.2% experienced a 
greater than 50% reduction of syncope episodes while in the DDD-CLS pacing mode (no subjects experienced more than 
50% reduction when they crossed over into the placebo mode). 
Similarly, 100% of subjects who started with the placebo mode 
(Group B) experienced more than 50% reduction in events after 
they crossed over into DDD-CLS pacing. Overall, the SPAIN study 
showed CLS significantly reduced syncope burden, reduced the 
recurrence of syncope, and significantly prolonged the time from 
first syncope recurrence in subjects with DDD-CLS activated.

CLEAR (2013)2

The CLEAR study is a randomized, prospective, single-blinded, 
multi-center study that evaluated the effect of rate adaptive 
sensors (CLS pacing mode) in 1,500 elderly subjects. Of these 
subjects, 494 were required to complete a within subject 
comparison designed to evaluate the acute effect of rate 
adaptive sensors on daily activities. Three physical tests, walking, 
sweeping, and standing, were used to determine whether CLS 
benefited these subjects when compared to accelerometer and 
DDD pacing modes. With CLS pacing mode activated, subjects were able to sweep larger areas by 7%. The prevalence of 
orthostatic hypotension was also reduced by 75% after standing for one minute. Heart rates obtained during testing in 
CLS were statistically higher than mean heart rates obtained during testing with accelerometer or DDD pacing modes. 
Additionally, the beneficial effect of CLS was most prominent in the lowest energy test, the standing test. The study 
revealed CLS provides benefits over traditional accelerometer and DDD pacing modes in patients with greater than 80% 
pacing support. 

ER/ER2 (2007)3

The Emotional Response (ER) and ER 2 studies evaluated the effectiveness of Closed Loop Stimulation (CLS) in providing 
the appropriate heart rate response to acute mental stress when compared to an accelerometer pacing mode. Between 
both studies, 441 subjects were presented with images, word tests, and arithmetic challenges in order to elicit an increase 
in heart rate without physical activity. The analysis of data only included subjects who exhibited at least 80% sensor driven 
heart rates during testing. In both studies, CLS provided significant higher peak heart rate during testing than compared 
with an accelerometer pacing mode. A comparison of subjects with CLS 
activated to age-matched healthy subjects showed comparable heart 
rate profiles while the subjects underwent similar stress testing. The 
studies demonstrate that the CLS algorithm responds with an appropriate 
heart rate increase to acute mental stress in subjects who require a high 
percentage of of sensor-driven pacing.

Physiologic Rate Adaptation Studies
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CLS Offers Unique Benefits to HF Patients

Chronotropic incompetence (CI)¹ 

• Almost half of heart failure patients are 
chronotropically incompetent² 

• Peak exercise heart rate and exercise time increased 
in patients with heart failure and chronotropic 
incompetence³ 

• Low exercise tolerance is a risk factor for HF mortality4

• CLS achieves heart rates more similar to normal in 
subjects with CI5,6

Brady-tachy syndrome with AF risk   

• CLS significantly reduces the burden of AT episodes7,8 

• Reduced frequency of AT episodes less than one hour with CLS7

Closed Loop Stimulation (CLS) offers wider 
heart rate distribution

• CLS can provide significantly wider heart rate distribution 
in patients with advanced heart failure9 

• Decreased heart rate variability is a risk factor for heart 
failure mortality4,10

• Beat to beat heart rate fluctuation with CLS is significantly 
correlated with spontaneous variation11

Orthostatic hypotension (OH) 

• OH is common in elderly patients (>30% prevalence in those 
over 70 years) and is associated with heart failure13

• CLS showed a 75% reduction in orthostatic hypotension 
events in patients who were paced6

• Patients who require pacing showed the strongest benefit6

• Decreases in blood pressure can be modulated by CLS6, 11, 14
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