Thoracic Innervation (11/17/06)

Functions of Parasympathetic Division: active during periods of calm
· Pupil constriction

· Heart deceleration 

· Respiration rate deceleration 

· Lowers BP

· Stimulates secretions (mucous, lacrimal, salivary) 

· Relaxes sphincters of gut (pro-excretion) 

· Contracts longitudinal musculature of the hollow organs (stimulates peristalsis) 

· Aids in digestion and absorption 

Functions of Sympathetic Division: fight or flight

· Pupil dilation

· Respiration rate acceleration 

· Increased blood flow to heart, CNS, lungs

· Shunts blood from GI tract and periphery

· Heart acceleration 

· Increases BP

· Contracts sphincters of gut (rectum and bladder)

· Induces sweat gland secretions

· Relaxes longitudinal musculature of the hollow organs (inhibits peristalsis) 

· Active during challenge, periods of stress and adversity 
Craniaosacral outflow: name for parasympathetic division because the preganglioninc cell bodies lie in the brainstem and sacral segments of the spinal cord

Thoracolumbar outflow: term for sympathetic division because the preganglionic cell bodies are located in the lateral horn of the spinal cord between T1 and L3

Dorsal root ganglion: location of sensory nerve cell bodies along the dorsal root

Paravertebral ganglion: one of the ganglia along the sympathetic trunk, site of synapse for sympathetic motor nerves

Phrenic nerves: branches of somatic cervical plexus in the neck; arise from cervical rami of cervical nerves C3, C4 and C5 (C4 is major contributor); motor and sensory innervation of diaphragm and its associated membranes; also, somatic afferent innervation of mediastinal pleura, fibrous pericardium, and parietal layer of serous pericardium 

Vagus Nerve (X): (right and left) parasympathetic nerve descending through the thorax, going to the abdomen; innervates heart, lungs, stomach, etc; ALL PARASYMPATHETIC INNERVATION OF THORAX and 2/3 of ABDOMEN (pelvic splanchnics cover the bottom 1/3), including heart, bronchi, lungs, esophagus, stomach, spleen, intestine, upper colon, liver, pancreas, adrenals and kidneys; provides branches to esophagus, cardiac plexus and pulmonary plexus 

Left recurrent laryngeal nerve: branch of left vagus that arises from the inferior margin of the aortic arch just lateral to the ligamentum arteriosum; ascends in groove between trachea and esophagus to innervate the left larynx; there is also a right recurrent laryngeal nerve (innervates right portion of larynx) 
Intercostal nerves: anterior rami of thoracic spinal nerves T1 to T11 that run parallel to posterior and anterior intercostal vessels; innervate thoracic wall, related parietal pleura, and associated skin

· Innervate thoracic wall

· Lie in the intercostal spaces

· Anterior ramus of T12 is the subcostal nerve (inferior to rib XII) 
· Lateral cutaneous branch: pierces lateral thoracic wall, divides into anterior and posterior branches that innervate the overlying skin
· Anterior cutaneous branches: ends of intercostal nerves feature these parasternal emergences into the anterior abdominal wall, where they innervate the skin superior to sternum, and also lateral to sternum 
· Small collaterals also run in the intercostal spaces along the superior border of the lower rib 
· Function of intercostals:
· Somatic motor innervation (intercostal muscles, subcostal muscles and transversus thoracis) 

· Somatic sensory innervation from the skin and parietal pleura 
· Postganglionic sympathetics to the periphery
· Sensory innervation of skin overlaying upper thoracic wall is supplied by cutaneous branches (supraclavicular nerves) that descend from the cervical plexus 

· Anterior ramus of T1 contributes to the brachial plexus 
· Lateral cutaneous branch of the 2nd intercostal nerve (intercostalbrachial nerve) contributes to the cutaneous innervation of the medial surface of the upper arm 
· Lower intercostal nerves supply muscles, skin and peritoneum of the abdominal wall
Splanchnic nerves: pre-ganglionic visceral sympathetic nerves that originate in thorax and pass through paravertebral ganglia and head towards abdominal ganglia (e.g. thoracic splanchnics: Greater (originates T5-T9), Lesser (T10-11), and Least (T12)); move medially as descend down thoracic vertebral bodies

Lumbar splanchnics: pre-ganglionic, originate in L1-L4, pass through paravertebral ganglia and pass to lower regions of abdomen (descending colon, rectum, pelvic viscera) 

Cardiopulmonary splanchnics: post-ganglionic; synapse in the sympathetic truck in two ways: 1) post-ganglionic fibers passing up the sympathetic trunk and back down to the thorax via the middle and inferior cervical ganglia of the sympathetic trunk, or 2) passing from the sympathetic trunk directly to the plexuses around the arch of the aorta and the tracheal bifurcation 

Pelvic splanchnics: parasympathetic sacral nerves (innervate descending colon, rectum, and genitourinary organs) 

Cranial nerves: 12

· Most go to head and neck (exception: Vagus) 

· Only 4 carry cranial portion of parasympathetic nervous systems: oculomotor (III), facial (VII), glossopharyngeal (IX), vagus (X) 

4 Somatic Plexuses: somatic motor innervation of skeletal muscle, somatic sensory (touch, pain), a little bit of post-ganglionic sympathetics (target blood vessels and sweat glands, etc.); formed by ventral rami, HAVE NO GANGLIA (recall: somatic motor and sensory fibers have no synapses in periphery) 
1.) Cervical plexus (C1-C5): primarily sensory, a little bit motor 
2.) Brachial plexus (C5-T1):  supplies mainly somatic motor and sensory innervation to the upper limb, also may include sympathetics; roots are in neck; terminal branches are musculocutaneous nerve, median nerve, ulnar nerve, radial nerve

3.) Lumbar plexus (L1-4): rertroperitoneal location; mostly sensory relays for abdominal wall (intercostal-like), 3 branches innervate the thigh 
4.) Sacral plexus (L5-S4: sometimes grouped with lumbar plexus; located at the bottom of the pelvis, innervates the lower limbs; sciatic nerve is huge; pudendal nerve innervates genital region

Autonomic Plexuses: 

· Internal carotid plexus: meshwork around internal carotid, post-ganglionic fibers that follow carotid to targets

· Pharyngeal plexus: back of pharynx, cranial nerves IX and X and some sympathetics

· Cardiac Plexus: meshwork around arch of aorta; parasympathetic vagus nerves and post-ganglionic sympathetics 
· Pulmonary Plexus: meshwork around tracheal bifurcation; parasympathetic vagus nerves and post-ganglionic sympathetics 

· Abdomen and pelvis: parasympathetics from vagus or pelvic splanchnics; sympathetics from thoracic or lumbar splanchnics; independent of somatic plexuses; names given according to name of nearby vessel (e.g. celiac plexus, superior mesenteric plexus, inferior mesenteric plexus [hindgut], hypogastric plexus ( all autonomic plexuses in the pelvis) 

Autonomic Ganglia:
· Parasympathetic motor ganglia in the head: ciliary, pterygopalatine, submandibular, otic

· Sympathetic motor ganglia in the head: superior, middle and inferior cervical ganglia 

· Sympathetic motor ganglia in the thorax: paravertebral ganglia of sympathetic trunk 

· Autonomic motor ganglia in the abdomen: celiac, superior mesenteric, inferior mesenteric (all found in associated plexus) 

· Head and neck ganglia that contain sensory cell bodies (not synapses, like above ones): trigeminal (a.k.a. semilunar) of cranial nerve V (major sensory nerve), geniculate ganglion of cranial nerve VII, superior and inferior ganglia of vagus nerve (X)
DIAPHRAGM:
· Motor: left and right phrenic nerves (somatic) 

· Sensory: phrenic, lower intercostal and subcostal nerves  

BREAST:
· Anterior and lateral cutaneous branches of the 2nd to 6th intercostal nerves 

· NIPPLE: fourth intercostal nerve

PECTORALIS MAJOR: 

· Medial and lateral pectoral nerves

SUBCLAVIUS MUSCLE: 

· Nerve to subclavius 

PECTORALIS MINOR: 

· Medial pectoral nerves 

EXTERNAL INTERCOSTAL MUSCLE:
· Intercostal nerves T1 – T11

INTERNAL AND INNERMOST INTERCOSTAL MUSCLES:
· Intercostal nerves T1 – T11

SUBCOSTALES and TRANSVERSUS THORACIS:
· Related intercostal nerves 

PARIETAL PLEURA:
· Innervated by general somatic afferents, very sensitive to painful stimuli 

VISCERAL PLEURA and LUNG STRUCTURES:
· Innervated by general visceral afferents and efferents from the anterior and posterior pulmonary plexus, mostly insensitive to painful stimuli; branches of the plexus distribute along the branches of the airways and vessels; vagus efferents constrict bronchioles, sympathetic efferents dilate bronchioles 

PERICARDIUM:
· Phrenic nerves carry source of somatic (pain) sensation

· Innervation by vagus, sympathetic trunks, and phrenic nerves

HEART:
· Autonomic division regulates heart rate, force of contraction, and cardiac output 

· Cardiac plexus: consists of a superficial and deep part; plexus branches affect nodal tissue, cardiac conduction system, coronary vessels, and musculature of atria and ventricles 

· Parasympathetic innervation (efferent) ( preganglionic fibers from right and left vagus enter cardiac plexus, synapse in ganglia in plexus or walls of atria; functions include decreased heart rate, reduced force of contraction, and coronary artery constriction 

· Sympathetic innervation (efferent) ( preganglionic fibers from T1 – T4/5 enter sympathetic trunk, synapse in the cervical and upper thoracic paravertebral ganglia, and postganglionic fibers descend as bilateral branches to the cardiac plexus; from the plexus, mixed sympathetic/parasympathetic fibers supply the heart

· Afferents associated with vagal cardiac nerves return to vagus nerve sense alterations in BP, blood chemistry

· Afferents associated with sympathetic trunks return to sympathetic trunk in cervical or thoracic regions; conduct pain sensation from tissue damage (e.g. angina, MI) 

ESOPHAGUS:
· Striated muscle in superior region and smooth muscle are both innervated by vagal efferents (preganglionic, synapse in esophageal wall ganglia) 

· Sensory innervation: from afferent originating in vagus, sympathetic trunks, and splanchnics; pain sensation is relayed by sympathetics and splanchnics 

· Esophageal plexus: formed by vagal branches; anterior trunk (mainly from left vagus) and posterior trunk (mainly from right vagus) 

