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The pathophysiology of heart failure (HF) is complex and involves reduced myocyte contractility, 
extracellular matrix deposition, and electrophysiological remodeling that collectively impair 
ventricular function and increase the risk for lethal arrhythmias. 1  Despite the myriad processes 
involved, a key feature of HF is elevated sympathetic activity and parasympathetic withdrawal, 
leading to autonomic imbalance. 2  Indeed, beta blocker therapy remains one of the few 
effective pharmacological treatments for HF.  However, in addition to decreasing sympathetic 
input to the heart, increasing parasympathetic activity may also be beneficial for restoring 
autonomic balance. 
 
Vagal nerve stimulation (VNS) has emerged as a promising therapy for a variety of 
cardiovascular and non-cardiovascular pathologies, including HF, hypertension, myocardial 
infarction, epilepsy, and depression. 3,4  Direct electrical stimulation of the vagus nerve may 
increase efferent parasympathetic input to the heart, and has also been shown to reduce 
inflammation, via the cholinergic anti-inflammatory reflex. 5  Therefore, in addition to restoring 
autonomic balance, the anti-inflammatory effects of vagal activity may help to halt or reverse the 
progression of HF, where inflammation is known to play a deleterious role. 
 
Several promising pre-clinical studies have demonstrated that VNS in the setting of HF results 
in decreased resting heart rate, improved left ventricular function, reduced hypertrophy, 
preservation of intrinsic cardiac neuronal function, and increased survival. 6-8  Clinical trials of 
VNS in HF, however, have been mixed.  The Autonomic Neural Regulation Therapy to Enhance 
Myocardial Function in Heart Failure (ANTHEM-HF) Trial showed improvement in LV ejection 
fraction and end-systolic diameter with either left or right-sided VNS. 9  The Increase of Vagal 
Tone in Chronic Heart Failure (INOVATE-HF) Trial, however, showed no benefit in primary 
outcome (time to first hospitalization or death), but improvements in quality of life and 6-min 
walking distance. 10  In addition, some patients receiving VNS have reported side effects, 
including cough, throat pain, and dysphonia, which may be due to off-target electrical 
stimulation of non-cardiac vagal branches (Figure).   
 
Do these reports indicate that the notion of VNS for the treatment of HF is flawed?  Likely not, 
as the conceptual basis for the beneficial effects of VNS is sound (restoring autonomic balance, 
decreasing inflammation).  The problem likely lies in delivery of the therapy.  In addition to side 
effects resulting from inadvertent electrical stimulation of other visceral organs, the cardiac 
responses to VNS may be extremely dose-dependent.  Indeed, Ardell and colleagues have 
recently reported that low VNS stimulation strengths first activate afferent fibers, which results in 
a centrally-mediated decrease in parasympathetic outflow. 11  Increased stimulation currents 
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were required to activate descending efferent fibers and produce negative chronotropic effects.  
Other experimental studies have also reported complex dose-dependent effects. 12  Thus, 
optimization of delivery will be crucial for effective VNS and alternative strategies to augment 
parasympathetic cardiac outflow are needed.   
 
In this issue of Cardiovascular Research, Garrott et. al. report a novel, entirely non-electrical 
method for stimulating efferent cardiac vagal neurons and improving ventricular remodeling in a 
rat model of pressure-overload HF. 13 Their approach relied on the use of excitatory DREADDs, 
which are Designer Receptors Specifically Activated by Designer Drugs.  Using viral vectors in 
combination with a Cre-Lox system, DREADDs were selectively expressed in a population of 
oxytocin (OXT) neurons within the paraventricular nucleus of the hypothalamus.  This 
population of OXT neurons co-release OXT and glutamate to excite cardiac vagal neurons 
(CVNs) within the brainstem (Figure).  Thus, when the designer drug is injected (clozapine N-
oxide [CNO]), OXT neurons within the paraventricular nucleus are stimulated to release OXT 
and glutamate and excite the CVNs (Figure), increasing efferent parasympathetic activity to the 
heart. 
 
In this study, rats with HF (induced via trans-ascending aortic constriction) who received CNO 
treatment had blunted myocyte hypertrophy and collagen density as well as improved 
ventricular function (rate pressure product, contractility, and relaxation) compared to untreated 
HF rats.  Importantly, several control experiments demonstrated that the beneficial effects were 
primarily due to CVN activation.  For example, activation of the OXT neurons via DREADDs in 
telemetry-implanted conscious rats produced acute reductions in heart rate and blood pressure, 
which were abolished with atropine (a cholinergic blocker).  Additionally, despite activation of 
the OXT neurons within the paraventricular nucleus, plasma OXT levels were not elevated in 
any animal group. This result suggests that the released OXT was acting locally within the brain 
to excite the CVNs, rather than systemically, which could independently impact myocardial 
remodeling and vascular function. 14 15  Finally, the authors reported a significant reduction in 

expression of the inflammatory cytokine interleukin-1 with CNO treatment, indicating that the 
cholinergic anti-inflammatory reflex was likely invoked. 
 
Taken together, these exciting results provide support for a conceptually novel approach for 
specific chemical cardiac vagal nerve stimulation.  Of course, this is not to say that the 
DREADDs approach outlined here is free of limitations, nor is it readily translatable.  Indeed, 
stereotaxic injection of viral vectors into the brain of HF patients is not, at this point, a sensible 
therapeutic strategy.  Thus, novel approaches for stimulation of specific populations of neurons 
within the brain will be required if such a therapy is to be implemented.  Nevertheless, Garrott 
and colleagues provide important and necessary proof-of-concept supporting the beneficial 
effects of specific chemical CVN activation and an altogether novel approach to VNS. 
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