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Background and aims: 

Sudden cardiac death (SCD), mediated by ventricular arrhythmia (VA), is the most common cause of death worldwide. Recent studies have highlighted the importance of the autonomic nervous system (ANS) as a trigger and predisposing factor for VA. There are no previous detailed immunohistochemical studies of cardiac ventricular innervation.
We aimed to characterise the innervation of the normal heart and then compare it to the cardiomyopathies to assess whether there are alterations that could account for the lethal ventricular arrhythmias which can occur in these conditions.

Results: 
Eleven hearts from individuals with a non-cardiac cause of death, 17 hypertrophic cardiomyopathy hearts, 11 dilated cardiomyopathy hearts, 20 arrhythmogenic cardiomyopathy hearts and 3 diagnostic overlap hearts were investigated from our tissue repository. Nine sections of the right and left ventricles were stained with PGP9.5 (general neural marker), tyrosine hydroxylase (TH, sympathetic marker) and the choline transporter (CT, parasympathetic marker) as well as picrosirius red (PSR, fibrosis marker). Slides have been scanned using a Hamamatsu Nanozoomer 2.0RS. The control cases have been analysed using Visiopharm software.

Within the epicardial fat there are large nerve fibres and ganglion cells (figure 1). A subpopulation of the fibres within the nerves stain with sympathetic and parasympathetic markers (figure 1). Ganglion cells show positivity for the parasympathetic marker (figure 1). The nerves are most prominent around the coronary arteries and extend into the myocardium associated with blood vessels.

As the nerves progress into the myocardium they become a complex of small fascicles and individual fibrils extending between and parallel to individual myocytes (figure 2). Small nerve endings lie in close contact to myocytes (figure 2). This complex system of small nerves is only demonstrated by using neural markers and cannot be seen on haematoxylin and eosin staining. Within the myocardium, the sympathetic marker stains small fascicles and fibrils around blood vessels (figure 2).

The parasympathetic marker appears to highlight small fascicles and fibrils adjacent to myocytes (figure 2).The RVOT showed a significantly higher nerve density than the septum, anterior and posterior left ventricle (p=0.014, 0.047, 0.034 respectively).
Conclusions: 

There is a rich complex of ganglion cells and large nerves in the epicardium. The nerves extend into the myocardium associated with vessels. The myocardial muscle is richly innervated by small fascicles and individual fibrils which attach to myocytes. The RVOT is the most densely innervated region of the heart. Sympathetic nerve fibres lie adjacent to vessels. Parasympathetic nerves appear more widespread in the myocardium. We will now quantify the innervation in the inherited cardiomyopathies and compare to the normal heart to understand whether changes in innervation may contribute towards the generation of the lethal ventricular arrhythmias which may occur in these conditions. 
How Closely Have the Original Aims been Met:
The project has been delayed by coronavirus, however the staining and scanning steps are now complete for all cases. We have characterised the innervation of the normal heart and will now move forward to analyse the digital images of the cardiomyopathies and compare them to the normal heart.
Outputs (including meeting abstracts, oral presentations, original papers, review articles) from the study in which the Pathological Society has been acknowledged:
Westaby, J, Sheppard MN, Cardiac innervation in the normal heart, International Society for Autonomic Neuroscience, 25th July 2019
Westaby, J, Sheppard MN, A qualitative and quantitative study of cardiac innervation in the myocardium of the normal human heart, 32nd Congress of the ESP and XXXIII International Congress of the IAP, 6 - 8 December 2020
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Flgure 1, Epicardial n.erve.flbres and. Figure 2, Nerves and fibrils within the
ganglion cells. A) An epicardial nerve with

multiple fibres highlighted by a general : myocardl_urr_l. A). Mqltlple myocardial
neural marker (PGP9.5), B) An epicardial fibres and fibrils highlighted by a general
nerve with a subpopulation of fibres n:g:ﬁ; Z;r:r?crj (:gp(?égz’dz)l I\\//Ieuslgg:e
highlighted by a sympathetic marker (TH), N y :
: : : : highlighted by a sympathetic marker
C) An epicardial nerve with a ganglion cell (TH). C) Multiple fibrils showing granular
highlighted by a parasympathetic marker ’ P 99

(CT), D) An unlabeled epicardial nerve in staining with a parasympathetic marker
| a negative control (CT) located in the endocardium.
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