20. Pathophysiology of pain 

Definitions of pain and its significance:
Pain = unpleasant sensory and emotional experience connected with real or potential tissue damage, or described in these terms (IASP, 1990)
- Causes reactions directed to removal of pain stimuli (unconscious – reflexes)
- Represents probably the most common symptom of a disease that motivates a person to seek professional help.
- Pain is of great informative value for a doctor, thus it should not be eliminated totally before recognition of its causes (critical especially in hidden processes - e.g. abdominal).
- In some cases pain helps to prevent overloading of parts of the body with pathological processes (e.g. arthralgias, lumbago, inflammatory processes in limbs) and contributes to recovery.

Nociception
- aseparate sensory quality -separate nociceptive system
- over-excitation of some other sensory systems (via pressure, cold, heat receptors)
Nociceptors (= nocisensors) = pain receptors
= free nerve endings A and C 
- uneven distribution in skin, muscles, joints
The way of nociceptor stimulation
- after initial damage/irritation of tissue (by chemicals, heat/frost, mechanical insults) → release of chemical substances 
- direct stimulation of nociceptors (opening of Na/Ca channels or closure of K channels → membrane depolarization) or sensitization of nociceptors
Origin of endogenous chemicals
- cell destruction  → H+, K+, ATP release → direct stimulation of nociceptors
- inflammation – bradykinin, histamine, serotonin → direct stimulation of nociceptors
- non-damaging mechanical + thermal stimuli can cause ”neurogenic inflammation”
(mechanical and thermal information enters spinal cord via dorsal root and this information is mediated backwards to afferent terminals → release of Substance P, neurokins and CGRP (calcitonin gene related peptide) →  vasodilation, leukocyt adhesion, release of inflammatory mediators that stimulate nociceptors)

Sensitization of nociceptors
physiologic response to painful stimuli and → hyperalgesia
Peripheral - ↓ of threshold + activation of surrounding nociceptors
Central – in spinal cord

Transmission of pain information
C and A fibers enter the spinal medulla via dorsal root and synapse together with afferent fibers from mechanoreceptors on the second neuron of the pain pathway (neurotransmitter = glutamate, Substance P enhances the transmission). Information brought from chemoreceptors can decrease the pain transmission (according to gate theory)
The second neuron of the pathway relays in the thalamus to continue to
	The primary somesthetic cortex (recognizes location and intensity of the stimulus)

Association somesthetic cortex
Limbic cortex (responsible for emotional experience and memory)
Hypothalamus (responsible for vegetative accompanying symptoms) and vagus mediated vasodilation  
Periaquaeductal gray (endogenous anesthetic center) that sends backward information to dorsal horn neurons to influence the pain transmission (by release of enkephalins, the release of Substance P is decreased)

Types of pain
Somatic pain
	Superficial somatic pain - receptors located in skin
   - rapid (first) pain - myelinated A  fibres
very acute, well localized, rapidly diminishing
   - slow (second) pain - appears later, lasts longer, is not precisely localized
	Deep somatic pain

- originates in muscles, fascias, joints, periosteum 
- more similar to visceral pain 
- can not be localized 
- often is accompanied by nausea, sweating and other vegetative symptoms
	Visceral pain - originates in internal organs in chest and abdomen

- cause = ischemia (lactic acidosis), chemical substances, spasm or overdistension of hollow organs
= diffuse
= accompanied by vegetative symptoms, also by reflex spasm of muscles 

Acute pain 
Etiology:
	inflammation (due to compressive effect of edema, release of pain mediators, developing acidosis)

colicky pain (due to intensive periodic peristalsis in obstructed and distended intestine, cystic duct, ureter)
acute ischemia - IM
traumatic pain, burns, post-operative pain
live birth
Theorganism reacts with the sympathetic pattern of response (stress response) - tachycardia,  heart volume, blood pressure, hyperventilation + anxiety

Chronic pain
No sympathetic pattern of reaction, but vegetative +  psychosocial changes (= algogenic psychosyndrome) - sleep disorders,  appetite,  pain tolerance, depression, hostility, hypochondria, abnormal pain behavior 

Projected pain - originates elsewhere than is produced (e.g. pain in limb caused by compression of spinal nerve)
Referred pain - Head zones – some organs have connection to some parts of skin
Phantom pain - pain in non-existing limb (after amputation)
Neurogenic pain (neuralgia) - persisting nerve stimulation
Causalgia - after devastating injury (shooting) accompanied by vessel reactions + trophic changes of skin
Thalamic pain - arises in thalamic nuclei
Hypoalgesia, analgesia - inborn decrease or total loss of pain sensation - danger!!! leads to injuries, ischemic necrosis etc.
Allodynia - normal mechanical and thermal stimuli are perceived as painful
Migraine
= headaches with a vascular background, in women 3x more frequent than in men
- inborn “readiness” of brain 
Pathogenesis: 
- vascular theory) explains migraine as a reactive hyperemia in response to vasoconstriction-induced ischemia during aura
“something” (stress, noise, hormonal changes, traveling, food skipping, sleep deprivation) activates “migraine centers” in pons
periaqueductal grey, locus coeruleus (↑ adrenaline), raphe nucleus (serotonin) → vasoconstriction → aura → stimulation of trigeminal nucleus → neurogenic inflammation, release of mediators → pain
- vasodilation of brain and meningeal arteries →  pain
- connection between “migraine centers” and hypothalamus and centers of reflexes in pons → vegetative symptoms – nausea, vomiting, photo- and phonophobia




