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PATHOPHYSIOLOGY OF THE NERVOUS SYSTEM
SUMMARY & EXAMPLES OF MECHANISMS UNDERLYING SOME NEUROLOGICAL DISEASES
Pathophysiology is the physiology of abnormal states; 

· it studies the functional changes that accompany a particular syndrome or disease; 

· it describes the morphological and physiological changes occurring in disease and 

· It tries to present the underlying mechanisms of disease. 

Speransky in 1934 had said: “Every disease is an exaggeration or a defect or a change of a specific physiological function”. A diagnosing physician therefore has first to identify which normal function has changed in each disease. 

Examples will be given from diseases related to the specified normal functions as well as some examples of the related action of therapeutic drugs and poisons: 

Neuronal and muscle excitability

Ø      Potassium currents keep the membranes hyperpolarized at rest. Increase of extracellular [K+] as in renal failure or in Primary Hyperkalemic Paralysis decreases these currents and so causes depolarization of nerve and muscle membranes some of them going beyond excitation threshold (overdepolarization). As a result we see episodes of painful spontaneous contractures of muscle followed by paralysis 

Ø      Tetrodotoxin is a specific blocker of voltage gated channels responsible for the action potential generation. It is contained in puffer fish and may therefore kill if this fish is not properly prepared

Axonal transport is important in pathology. Primary afferent neurons and motoneurons link the central nervous system with the periphery and thus form a protoplasmic bridge that crosses the blood-brain barrier. Certain viruses, such as the rabies and polio viruses, and toxins, such as tetanus toxin, can enter the central nervous system from the periphery if they are taken up and transported in the axons of these neurons.  

In some diseases, known as demyelinating disorders, the myelin sheath deteriorates and may be lost over one or more inter-nodes of many axons without interruption of the axons. In such cases, conduction of nerve impulses may be slowed or blocked, and the function of the affected axons is therefore abnormal. 
Such demyelination occurs in the peripheral nervous system in the Guillain-Barre syndrome and in diphtheria. The neuropathy common in severe cases of diabetes mellitus is due to demyelination of peripheral axons. When myelin is lost, the length constant, which is dramatically increased by myelination, becomes much shorter. Hence when the action potential is electrotonically conducted from one node of Ranvier to the next, it loses amplitude. If demyelination is sufficiently severe, the action potential may arrive at the next node of Ranvier with insufficient strength to fire an action potential. The axon will then fail to propagate action potentials.
An important demyelinating disease of the central nervous system is multiple sclerosis, where scattered progressive demyelination of axons in the CNS results in loss of motor control and sensory function. 

Pathophysiology of Synaptic transmission
Ø        The importance of the influx of Ca++ into the nerve terminal to initiate the release of transmitter is illustrated by a disease, known as Lambent-Eaton syndrome, in which there are circulating antibodies against the type of voltage-gated Ca++ channels present in nerve terminals. Patients with this disorder experience muscu​lar weakness and diminished stretch reflexes.

Ø        General anesthetics prolong the open time of γ-amino-butyric acid (GABA) receptor chloride channels, and thus prolong the inhibi​tion of the postsynaptic neurons at GABA-ergic synapses. GABA receptors may be the principal targets of general anesthetics.

Ø        Deficits in pathways involving acetylcholine (cholinergic pathways) in the brain have been implicated in some forms of senile dementia (such as Alzheimer's disease). Treatment with long-lasting anticho​linergic drugs that penetrate the blood-brain barrier may improve cognitive function in some individuals suf​fering from dementia.

Ø        Neurons that contain high levels of dopamine are prominent in the midbrain regions known as the sub​stantia nigra and the ventral tegmentum. Some of the axons of these terminate in the corpus stria​tum, where they participate in controlling complex movements. The degeneration of dopaminergic syn​apses in the corpus striatum occurs in Parkinson's disease and may be a major cause of the muscular tremors and rigidity that characterize this disease. Treat​ment of some Parkinson's patients with l-dopa, a pre​cursor of dopamine, improves motor control.

Ø        Patients with a disorder called myasthenia gravis are unable to maintain prolonged contraction of skeletal muscle. These individuals have circulating antibodies against the acetylcholine receptor protein.

Ø        So-called a-toxins in cobra venoms are responsible for paralyzing the snakes' prey. a-toxins bind to the acetylcholine binding site on the acetylcholine receptor protein and prevent acetylcholine from acting. Poison arrows whose tips are dipped in curare, an a-toxin extracted from certain plants, are used by some South American Indians to paralyze their prey.
Pathophysiology of the Autonomic Nervous system
Autonomic dysfunction may result from diseases that affect primarily either 

·  the central nervous system (degeneration of the intermediolateral cell columns (progressive autonomic failure) or disease or damage to descending pathways that synapse on the intermediolateral column cells (spinal cord lesions, cerebrovascular disease, brainstem tumors, multiple sclerosis)

·  Or the peripheral autonomic nervous system (damaged in isolation in the acute and subacute autonomic neuropathies or in association with a generalized peripheral neuropathy. The peripheral neuropathies most likely to cause severe autonomic disturbance are those in which small myelinated and unmyelinated fibers are damaged in the baroreflex afferents, the vagal efferents to the heart, and the sympathetic efferent pathways to the mesenteric vascular bed. Acute demyelination of the sympathetic and parasympathetic nerves in the Guillain-Barre syndrome may also cause acute autonomic dysfunction. Although autonomic disturbances may occur in other types of peripheral neuropathy, they are rarely clinically important.)

Interruption of the sympathetic supply to the head (or of descending pathways from the hypothalamus that control sympathetic activity) results in Horner'S syn​drome, which consists of 

· a partial ptosis (drooping of the eyelid caused by paralysis of the superior tarsal muscle of the eyelid; it is a smooth muscle), 

· pupillary constriction (because the unopposed parasympathetic supply of the iris is intact), 

· anhydrosis of the face (caused by interruption of the innervation of the sweat glands of the face, and 

· enophthalmos (retraction of the globe of the eye because of the interruption of the innervation of the smooth muscle of the orbit).
Pathophysiology: Pain
Ø        Pain is a perception (not objective sensation) of tissue damage (nociception). It can therefor vary according to the prevailing body state, memories, training etc.

Ø        Nociceptive afferents synapse in the dorsal horn and cross at the level they enter the spinal cord and ascend via spinothalamic track. Therefor a spinal cord damage on the left side will produce analgesia on the contralateral side of the body innervated by the lower than the damage spinal cord segments (the same for temperature sensation, while discriminatory touch and proprioception will be affected ipsi-laterally, crossed sensory defect).

Ø        Arthritis is a common painful condition caused by in​flammation of one or more joints. The nociceptors be​come sensitized by the release of a number of chemical substances from nerve endings, mast cells, and blood elements. These substances include the neuropeptides, substance P and calcitonin gene-related peptide, hista​mine, bradykinin, serotonin, and prostaglandins. The sensitized nerve endings cause the joint to develop hyperalgesia, a condition in which the threshold for pain is lowered and the amount of pain produced by a given stimulus is increased. The joint also becomes swollen. This is caused by neurogenic edema, which is the collection of edema fluid that follows an increase in capillary permeability caused by the release of neuropeptides from joint nociceptors. These peptides also cause vasodilation, which increases the tem​perature of the joint. Arthritic pain is often treated suc​cessfully with substances, such as acetylsalicylic acid, that block the synthesis of prostaglandins.

Ø        Allo​dynia is a pathological state where activation of mechanoreceptors causes pain. It is prominent in central pain, which can result from damage to the central nervous system. For ex​ample, a central pain syndrome called thalamic pain may be caused by a lesion involving the VPL nucleus. The pain is typically burning in quality, although it can be sharp. Pain is often evoked by very weak stimula​tion, such as contact of the clothing with the skin. 

Ø        There exist several therapeutically powerful analge​sics (pain relievers. Aspirin works at the periphery: the activation of nociceptors (it stops the production of prostaglandins which sensitize nociceptors. Local anaesthetics stop the conduction in nociceptive primary afferents Paracetamol and other compounds work in the CNS. Opiates and endogenous opioids work on same central receptors in several brain areas including the central gray matter and the posterior horn of spinal cord, where they help “close” the “pain gate”. The latter can be also achieved by stimulation of primary sensory afferents and of descending pathways from the grey matter to the posterior horn. Opiates exert their analgesic effect by binding to specific opiate receptors. The binding of opi​ates to their receptors is stereospecifically inhibited by a morphine derivative called naloxone. It is medically very important to recognize that we all have a system of endogenous analgesia activated in times of emergency.

Ø        Visceral nociception is not accurately perceived in terms of location, because we do not possess an image of our interior organs. However we are informed about internal organs tissue damage via referred pain i.e. pain referred to specific body surface. For example, angina pectoris is due to ischaemia of myocardium, but may be felt in the inner aspect of the left arm; appendicitis is due to infection of the gut but is usually felt on the abdominal surface. The mix up is due to the fact that visceral afferents branch in the spinal cord and synapse also with secondary sensory neurons of touch, which are located on the same spinal segment. The latter lead to a conscious perception of surface located pain, while the normal nociceptive paths serve only for unconscious reflexes   

Ø        Projected pain results when the injury affects the course of a nerve and the sensation projects to the body area it normally innervates i.e. when we accidentally hit our elbow, mechanical pressure on our ulvar nerve may be projected as pain of the small fingers 

Pathophysiology: Motor control
Ø        Neurogenic paralysis: Α-motoneurons (α-MN) may be destroyed in the course of different diseases, resulting in muscle weakness or even paralysis of the muscles innervated by these α-MN, like in poliomyelitis caused by polio virus, or in amyotrophic lateral sclerosis (ALS). As α-MN die, they discharge erratically causing muscle fasciculations (visible contractions of muscle units). Afterα-Mn have died, the denervated muscles atrophy and develop fibrilations (spontaneous contractions of individual muscle fibers seen only with electromyography). Some of the denervated muscle fibers become innervated by collaterals from α-MN, which are still healthy and thus the size of some motor units is increased. This becomes a myographic characteristic differentiating neurogenic paralysis from myogenic paralysis, where the recorded potentials from motor unit are smaller (fewer muscle fibers alive per α-MN) and irregular.
Ø        When muscles are stretched, increased activity in muscle spindle afferents excite α-MN monosynaptically and thus the muscle contracts (stretch reflex, negative feedback on muscle length). The force of contraction is sensed by the tendon organs, which disynaptically inhibit the same α-MN and the contraction stops (negative feedback on muscle force). The stretch reflexes are used routinely in the neurological examination. A reflex hammer is commonly employed to elicit phasic stretch reflexes. The limb to be examined is placed in a position that allows relaxation of the joint operated on by the muscles tested: The tendon of each muscle tested is struck briskly with the reflex hammer; and the 'subsequent contraction of the muscle is observed (or felt). Responses on the two sides are compared. The muscles that are often tested include the biceps brachii, the quadriceps, and the triceps surae. When stretch reflexes appear to be reduced, it is sometimes possible to enhance them by the Jendrassik maneuver, in which the subject hooks the fingers of the two hands and pulls the hands apart against resistance. Tonic stretch reflexes are examined by flexing and extending joints. In pathological conditions, the stretch reflexes may be either diminished or hyperactive. Causes of decreased stretch reflexes include interruption of peripheral nerves or spinal roots and motoneuron disease. Increased stretch reflexes care seen in diseases that affect the descending motor pathways, such as cerebrovascular accidents (strokes) that interrupt the internal capsule.

Ø        Spinal cord injury is unfortunately a relatively common occurrence and generally affects young adults. Frequent causes are automobile and motorcycle accidents and gunshot wounds. Incomplete transections are more frequent than complete ones and disastrous. When spinal injuries af​fect the upper cervical spinal cord, they are often fatal because of interruption of the respiratory control system that descends from the brainstem to the phrenic motor nucleus. A lesion below the phrenic nucleus may result in paralysis of all four extremities (quadriplegia), whereas a lesion of the thoracic spinal cord causes paraplegia, which is paralysis of the lower extremities.

Ø        A misalignment of the two visual axes can cause double vision, or diplopia. Such misalignment, or strabis​mus (cross-eyed), can result from weakness of the muscles of one eye, causing its visual axis to differ from that of the other eye. Over time the misaligned eye may lose visual acuity, a condition called amblyopia.
Ø        Damage to the frontal eye field, such as by a stroke that affects one frontal lobe, can result in tonic conjugate deviation of the eyes toward the damaged side (a stroke victim may look toward the side of the stroke). This is presumably because of the activity of the intact frontal eye field in the contralateral hemisphere. Electrical stimulation of the frontal eye field on the side causes forced conjugate deviation of the eyes toward the oppo​site side. A similar movement can occur during the on​set of an epileptic seizure that originates in the frontal lobe. Tonic conjugate deviation of the eyes can also oc​cur following damage to the horizontal gaze center in the pons. The eyes in this case would deviate toward the side opposite that which is damaged. This condition can be distinguished from that caused by frontal lobe damage by the distribution of paralysis of the extremi​ties and by cranial nerve signs.

Ø        A lesion of the posterior parietal cortex will cause deficits in visually guided movements. Humans may develop a neglect syndrome (especially if the lesion is in the non-dominant hemisphere for speech, in which a patient will be unable to recognize objects placed in the contralateral hand and unable to 'draw three-dimensional objects accurately: In fact, the patient may deny that the contralateral limbs even belong to him.

Ø        When the corticospinal and corticobulbar tracts are completely interrupted, the distal muscles of the contralateral upper and lower extremities and muscles of the contralateral lower face and tongue are paralyzed (hemiplegia). Unless the lesion is restricted to these tracts, the deficit is a spastic paralysis.  Spasticity usually accompanies hemiplegia produced by a lesion of the in​ternal capsule or at other levels of the nervous system, because the cortico-reticulo-spinal pathway is interrupted along with the pyramidal tract. Spasticity is also present in spinal cord injuries when transection at an upper cer​vical level causes paralysis of all four extremities (quadriplegia) or transection below the cervical enlargement causes paralysis of both lower extremities (paraplegia). Spastic paralysis is associated with an increase in muscle tone and increased phasic stretch reflexes. The latter may lead to clonus, such as in the ankle, in re​sponse to a brisk passive movement. Interruption of the cortico-spinal tract at any level causes an important re​lease response, Babinski's sign.
Ø        Lesions of the neocerebellum affect chiefly the distal limbs. The deficits include: 

·  delayed initiation of movements, 

·  ataxia of the limbs (incoordination), and reduced muscle tone. The limb ataxia results in asynergy (lack of synergy in movements), 

·  dysmetria (inaccurate movements), 

·  intention tremor (oscillations at the end of a movement), and 

·  dysdiadochokinesia (irregular per​formance of pronation and supination movements of the forearm). 

·  Reduced muscle tone leads to pendular phasic stretch reflexes in the lower extremity. 

·  Bilateral lesions of the neocerebellum may result in dysarthria (slow, slurred speech; synonymous with scanning speech). 


These classical neocerebellar signs are often seen in multiple sclerosis. 

Pathophysiology of Brain as an organ

- Obstruction of the circulation of cerebro-spinal-fluid (CSF) leads to increased CSF pressure and hydrocephalus. In hydrocephalus the ventricles become distended. In young children, the intracranial volume may be increased because the sutures are not closed and the head can enlarge. However, if the increase continues, brain substance may be lost. In adults, an increase in the ventricular size compromises the flow of blood and causes the loss of brain tissue. (1) 
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Pathophysiology of vision
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Retinitis Pigmentosa  is an inherited degenerative disease of the retina at the back of the eye. The degeneration of the photoreceptor cells diminishes a patient's ability to see in dim light and can also diminish their peripheral vision with time eventually leading to blindness. The symptoms of RP most commonly appear in young adults. RP is one of the most common inherited causes of blindness in people between the ages of 20 and 60 affecting 1.6 million people worldwide. 

Age-related macular degeneration is the main cause of blindness in elderly people (30% in the over seventies, i.e. over 25 million people worldwide). 

The degeneration of the macula (the central portion of the retina) causes loss of vision in the center of the visual field. 

The macula is used for reading, driving, recognizing faces or color and usually for fine work. 

Diabetic Retinopathy (DR) is damage to the retina caused by the microvascular changes that occur due to diabetes. 

DR is the leading cause of blindness in people aged between 40 and 60 in the U.S. where it affects 4.5 million of the 7 million known diabetic patients. Ninety percent of the patients with type I diabetes and 60% with type II develop DR after 20 years 

Glaucoma is a group of eye diseases that gradually steals sight without warning and often without symptoms. Vision loss is caused by damage to the optic nerve. Increase of intraocular pressure is a risk factor, but other factors must also be involved

Trachoma is an infectious disease caused by bacterium Chlamydia trachomatis. The infection causes a roughening of the inner surface of the eyelids. This roughening can lead to pain in the eyes, breakdown of the outer surface or cornea of the eyes, and eventual blindness.
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