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HEALTH AND DISEASE
J. Hanáček

Definition of health
Health can be defined as a state of optimal physical, mental, and social wellbeing and not merely the absence of disease and infirmity (according to W.H.O.).
This is a state of the individual who is able to meet the demands placed on the body
and to adapt to these demands or changes of the external environment so as to
maintain reasonable constancy of the internal environment.
The individual can do more for his own health and well-being than any doctor,
any hospital, any drug, and any exotic medical device. The realisation is growing that
the physician is not the healer of our bodies, we are.
There are ways of measuring health in a negative sense. They measure the "5
ds" - death, disease, discomfort, disability, and dissatisfaction. Happiness is not being
pained in body or troubled in mind. In health there is freedom. Health is the first of all
liberties.
The WHO definition of health takes into accounts not only the condition of
body but also the state of mind. Holistic view of health = seeing health as the totality
of a persons existence. Such a view recognises the inter relatedness of the physical,
psychological, emotional, social, spiritual, and environmental factors that contribute
to the overall quality of a persons life.
Positive wellness involves:
1. being free from symptoms of disease and pain as much as possible,
2. being able to be active - able to do what you want and what you must at the
appropriate time,
3. being in good spirits most of the time.

Ten commandments of good health care
1. Good health care (GHC) requires the practice of national medicine based on the
current state of the art of medical services.
2. GHC emphasises the prevention of disease.
3. GHC absolutely requires good health communication and cooperation between the
lay public (society and community) and those who practice and supply the health
care.
4. GHC treats the individual as a whole. In this sense it is essentially
biopsychosocial and environmental - ecological as well as frankly scientific. It is
multifactorial and integrated.
5. GHC maintains a close and continuing personal relationship between physician
and health team and the patient.
6. GHC is coordinated with social and welfare work; with education for health; and
with internal and global aspects of health and well being
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7. GHC involves coordination and integration of all types of medical services.
8. GHC implies the application of all the necessary services of modern, scientific
medicine to the needs of all the people.
9. GHC requires access to the health and medical care of all the people.
10. GHC must be affordable by all the people.

Concept of normalcy
Norm (normal, within the norm) = parameters or values ranging from-to of
bodily or mental functions or quantitative measurements of biological indexes derived
statistically from "healthy persons" of the specific group (length, height, body mass,
heart frequency, respiration, blood, body temperature, blood pressure etc.)
Norm  health

Definition of disease
We can define a disease as a biosocial phenomenon characterised by
interactions of pathological processes, defensive and adaptation processes resulting
in damage of the organism as a whole, in limitation of the organism ability to adapt to
living condition.
Disease can be defined as changes in individuals that cause their health
parameters to fall outside the range of normal. The term disease means a deviation
from or an absence of the normal state.
Most standard medical textbooks attribute anywhere from 50 to 80 % of all
disease to psychosomatic or stress-related origins.
Examples of psychosomatic diseases:
- peptic ulcer, essential hypertension, bronchial asthma, hyperreactive
thyroid,rheumatoid arthritis, ulcerative colitis,
- partially or wholly psychosomatic disorders: hay fever, acne, diarrhoea,
impotency, warts, eczema, tinnitus, bruxism (grinding of teeth), nail biting,
tension headaches, back pain, insomnia
Psychosomatic illness is caused by negative mental states and attitudes that
harmfully change the physiology. Psychosomatic illness is real - as real as
appendicitis or pneumonia.
Placebo effect = the healing that results from a persons belief in substances or
treatments that have no medical value in themselves.
The power of healing does not reside so much in the healer as in the belief of
the patient. The cures that results from placebo effects sometimes seem miraculous
but actually are caused by physiological changes brought about by peoples beliefs
and mental states. The mind is healer.

Illness and disease
It is more important to know what sort of patient has a disease, than what sort
of disease a patient has.
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A person may "feel ill" without a disease being evident or diagnosed; likewise,
a person may have a disease without experiencing any illness or suffering.
Illness tends to be used to refer to what is wrong with the patient, disease to
what is wrong with his body.
Illness is what the patient suffers from, what troubles him, what be complains
of, and what prompts him to seek medical attention.
Disease refers to various structural disorders of the individuals tissues and
organs that give rise to the signs of ill - health.
The principal factors accounting for nearly all diseases are:
1. heredity - inherited (genetic diseases)
2. infectious organisms - infectious diseases, nosocomial disease
3. lifestyle and personal habits - lifestyle diseases
4. accidents
5. poisons and toxic chemicals
In nature there are neither rewards nor punishments - only consequences. All
manifestations of human disease are the consequence of the interplay between body,
mind, and environment.
Modern medical methods are too expensive, too productive of adverse
consequences, and not effective enough in treating the major killing and debilitating
diseases.
When we say "a person is ill " we mean he feels uncomfortable, he is
suffering from certain symptoms such as nausea, headache, abdominal cramps, or just
fatigue that cannot be explained on the basis of exertion.
Disease is a definite morbid process having a characteristic train of symptoms
and signs
Stages of disease
1st stage: latent
2nd stage: prodromal
3rd stage: manifest
4th stage: convalescent
Time course of disease
a. peracute
b. acute
c. subacute
d. chronic
A disease can results in:
full (restitution ad integrum)
a) recovery (sanatio)
partial (sanatio per compensationem)
b) chronic disease
physiological (natural)
c) death
pathological (caused by disease or by accident)
- clinical

8

- biological

The essential aspects of a disease
1. Disease is a new quality of life.
2. Disease is the result of one or more causes (noxas) and suitable conditions.
3. Disease is the unity of damaging, adaptive, defensive and compensation
mechanisms.

9

GENERAL ETIOPATHOGENESIS OF DISEASES
J. Hanáček

Main kinds of pathogenic noxas
1. Physical - mechanical energy, environmental temperature, electric current;
atmospheric pressure and moisture, laser beam, compression and
decompression, vibration, acceleration and deceleration, microwaves,
magnetic field and others.
2. Chemical - acids and lyes, plant and animal toxins, toxic metals, cigarette smoke
and other kinds of smoke, sulphur dioxide, nitrogen oxides, ozon,
pesticides, herbicides and others.
3. Biological - microorganisms (microbes, viruses), insect and arthropods, organic
dust and pollen.
4. Psychological and ergonomic- psychologic stress, enormous strain (physical or/and
psychological).

Entry of noxas to the organism
Noxas can entry to the organism through:
- skin
- mucous membranes
- respiratory tract
- gastrointestinal tract
- CNS
Predilection places = places in the organism through which the noxas can enter into
the organism easier then through other ones.

Spreading of noxas in the organism
1. hematogenous way
2. lymphatic way
3. through nerves
4. canalicular way
5. per continuitatem
6. per contiguitatem

Essential forms of pathological answers of the organism to noxas
1. Pathological reaction
- Essential, the most simple reaction of the organism to the influence of noxas.
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- It is usually short and quantitatively and/or qualitatively different from
physiological reaction.
Examples: - pathological reflexes
- allergic reaction (some types)
- decreasing of systemic blood pressure for a short time
2. Pathological process
- Complex of pathological reactions, adaptive and defensive reactions induced
by influence of noxas.
Examples: - malignant neoplasm
- inflammation and fever
- edema
3. Pathological state
- The result of pathological process or accident lasted for years or during the
whole life.
Examples: - congenital diseases
- deaf and dumb
- leg amputation

Crush syndrome
This syndrome is characterised by tissue damage induced by compression:
- cells are damaged by hypoxia,
- anaerobic metabolism going on.
After compression removed:
- recirculation of the damaged tissue can occur,
- washing out the toxic metabolites from the damaged tissue to the whole
organism (toxic influence),
- accumulation of the blood in the damaged tissue
(blood goes very easy through the leaky capillary wall),
- hypovolemia and hypovolemic shock can occur.

Blast syndrome
This syndrome is characterised by:
- bleeding to the tympanic membrane (ear drum) and/or rupture,
- damage of the inner ear,
- damage of hollow organs (stomach, small and large intestine),
- rupture of alveoli and pulmonary capillary,
- commotio cerebri.

Exacerbation of a disease: occurrence of repeated episodes of acute attacks of
disease in the course of chronic disease.
Recidivation of a disease: if a disease is interrupted by full or partial recovery for a
(recurrence, relapse) certain time and than it flares up again.
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Remission of a disease: some symptoms and signs may disappear in the course of
chronic disease or they loss their intensity for a certain time. This period is
called remission.
Two types of disease course
- benign course
- malignant course

Disturbances of autoregulation of body functions - their importance
for pathogenesis
Autoregulation = processes which are responsible for maintaining
homeostasis. Mechanisms of autoregulation are present and active at different level of
the body structures:
1. autoregulation at the level of subcellular structures - enzymatic reactions,
2. supracellular control mechanisms - by releasing different kind of cytokines - the
communication cell to cell is performed,
3. autoregulation at the level of organs and systems of the body - neural and
endocrine mechanisms (feed-back),
4. homeostatic curve shows autoregulative capacity of the body organs and systems,
5. dysregulative pathophysiology - deals with the pathomechanisms in which the
disturbance of autoregulation is primary disturbance (endocrine dysfunction,
malignant process).

Endogenous amplify system of cell (EAS)
System which amplify the signal coming to the cell many times (107 - 108).
Disturbance of EAS:
1. Decreasing of activity of EAS
2. Increasing of activity of EAS
Dysregulation of calcium level in cell
 Ca ++ in cell  activation of cell proteases, lipases  membrane damage  cell
death.
Antagonistic regulation of body functions
- polarisation of cell membrane
 depolarisation
- stimulation
 inhibition
- proteases
 antiproteases
- oxidants
 antioxidants
- stress
 antistress
- sympathetic nerve
 parasympathetic nerve
Under normal condition there is balance between antagonistic functions in the human
body  homeostasis.
Dysregulative diseases (e.g.)
1. Disturbances of breathing control (sleep apnoea sy., Pikwick sy.).
2. Disturbances of blood pressure control (essential hypertension) .
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3. NIDDM; hypo- or hyperthyreosis, alergy, immunodeficiency, hyporeactivity,
hyperreactivity.

Apoptosis in the pathogenesis of disease
In multicellular organisms, homeostasis is maintained through a balance
between cell proliferation and cell death.
Different cell types vary widely in the mechanisms by which they maintain
themselves over the life of the organism:
- blood cells - constant renewal,
- lymphocytes, cell of reproductive system - cyclical expansion and contraction,
- neural cells - limited capacity for self-renewal.
Control of cell number is determined by balance between cell proliferation and
cell death.
Regulation of cell death is just as complex as the regulation of cell
proliferation:
- The cells appear to share the ability to curry out their own death through activation
of an internally encoded suicide program. When activated, characteristic form of
cell death is initiated.
- This form of cell death is called apoptosis.
Apoptosis can be triggered by a variety of extrinsic and intrinsic signals. The
result is elimination of cells:
- produced in excess,
- developed improperly,
- have sustained genetic damage.
Although diverse signals can induce apoptosis in a wide variety of cell types, a
number of evolutionary conserved genes regulate a final common cell death pathway
that is conserved from worms to humans.
Apoptotic cell death can be distinguished from necrotic cell death:
a) Necrotic cell death = pathologic form of cell death resulting from acute cellular
injury, which is typified by rapid cell swelling and lysis, this accompanied by
inflammatory reaction.
b) Apoptotic cell death = physiologic form of cell death characterised by controlled
autodigestion of the cell. No inflammatory reaction is present.
c) Cells appears to initiate their own apoptotic death through the activation of
endogenous proteases  cytoskeletal disruption, cell shrinkage, membrane
blabbing.
d) The nucleus undergoes condensation  degradation of nuclear DNA:
- loss of mitochondrial function,
- alteration in the plasma membrane of apoptotic cells signal neighbouring
phagocytic cells to engulf them,
- cells not immediately phagocytosed break down into smaller membrane boundfragments called apoptotic bodies.
Resent evidence suggests that the failure of cells to undergo apoptotic cell
death might be involved in the pathogenesis of a variety of human diseases. Wide
number of diseases characterised by cell loss, may result from accelerated rates of
physiologic cell death.
So, talking about pathogenesis of different kind of diseases we have to take
into account the changed apoptosis for explanation of some pathological processes.
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Regulation of cell volume in health and disease
Maintenance of a constant volume in the face of extracellular and intracellular
osmotic perturbations is critically important for their existence and function.
There are a lot of physiological and pathological situations in the body, which
are characterised by changes of osmolality in intra- and/or extracellular space.
Most cells respond to swelling or shrinkage by activating specific metabolic or
membrane - transport processes that return cell volume to its normal resting state
Essential biophysical law: water will flow from hypoosmotic space to
hyperosmotic one. Volume of the cell can be changed by decreasing or increasing
concentration of osmoticaly active solutes in the cells, only.
Volume-regulatory accumulation and loss of electrolytes are mediated by
changes in the activity of membrane carriers and channels (K+; Cl-; Na+K+2Cl-; H+/
Na+; HCO3-/Cl-). Key role in cell-volume homeostasis belongs to organic osmolytes
(polyols- sorbitol, myo-inositol; aminoacids taurine, alanine and proline;
methylamines - betain, glycerylphosphorylcholine). These are "compatible",
"nonperturbing" solutes.
When shrinkage of a cell is present the cell reacts to the situation immediately
by activation of membrane transport system. It will lead to accumulation of
anorganic osmolytes (Na+, K+, Cl-) inside the cell, and secondary, accumulation of
water. When extracellular hyperosmolality will last longer (48h and longer) than
anorganic osmolytes in the cell are substituted by organic one´s.
Swelling of a cell will activate immediately the regulatory volume decreases
mechanisms. If a swelling lasts for a short time, only, the regulatory volume decrease
is done by loss of KCl, very quickly. Cell swelled for a longer time are unable to loss
accumulated organic osmolytes very quickly when exposed to normotonic
extracellular space- this is the reason they will accumulate water and extreme cell
swelling will occur. This is the situation when patients suffering from long-lasting
hyperosmolarity of extracellular fluid (e.g. decompensated diabetes mellitus - DM) is
rehydrated quickly with resulting normoosmolality of extracellular fluid. Such a
situation will lead to cell edema - especially edema of brain cells. A disturbance of
cell volume regulation is one important pathomechanism involved in development of
diabetic complications (peripheral neuropathy, retinopathy, and cataract formation).
Unproper function of cell volume regulatory mechanisms is involved in sickle
cell crisis
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BODY RESPONSES TO DIFFERENT NOXAS
M. Tatár

Noxas and cellular injury
The precise biologic processes responsible for cellular injury are complex,
interdependent, and in many cases unknown. In general, cellular injury occurs if the
cell is unable to maintain homeostasis - a normal or adaptive steady state - in the face
of injurious stimuli (noxas). Injurious stimuli include chemical agents, lack of
sufficient oxygen (hypoxia), infectious agents, physical and mechanical factors,
immunologic reactions, genetic factors, and nutritional imbalances.
The mechanisms causing chemical and hypoxic injury are perhaps the best
understood. Both of this mechanisms can lead to disruption of selective permeability
(i.e., transport mechanisms) of the plasma membrane; reduction or cessation of
cellular metabolism; lack of protein synthesis; damage to lysosomal membranes, with
leakage of destructive enzymes into the cytoplasm; enzymatic destruction of cellular
organelles; cellular death; and phagocytosis of the dead cell by cellular components of
the acute inflammatory response.
Hypoxia
Lack of sufficient oxygen, is the single most common cause of cellular injury.
A reduction in ATP level causes the plasma membrane´s sodium-potassium pump to
fail, which leads to an intracellular accumulation of sodium and diffusion of
potassium out of the cell. Sodium and water can then freely enter the cell, and cellular
swelling results. With plasma membrane damage, extracellular calcium moves into
the cell and accumulates in the mitochondria, resulting in mitochondrial swelling and
rapid death of the cell. Death is due to calcium accumulation compromising ATP
production by the mitochondria.
Chemical injury
It begins with a biochemical interaction between a toxic substance and the
cell´s plasma membrane, which is ultimately damaged, leading to increased
permeability. Further mechanisms of chemical injury are also involved: formation of
free radicals, destruction of the endoplasmatic reticulum, cellular swelling,
mitochondrial swelling (accumulation of calcium), decreased cellular pH, lysosomal
membrane injury. Highly toxic substances are known as poisons. Gaseous substances
can be classified according to their ability to asphyxiate (interrupt respiration) or
irritate.
Infectious injury
The pathogenicity (virulence) of microorganisms lies in their ability to survive
and proliferate in the human body, where they injure cells and tissues. The diseaseproducing potential of a microorganism depends on its ability to:
1. invade and destroy cells,
2. produce toxins,
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3. produce damaging hypersensitivity reactions.

Immunologic and inflammatory injury
Cellular membranes are injured by direct contact with cellular and chemical
components of the immune and inflammatory responses, such as phagocytic cells
(lymphocytes and macrophages) and such substances as histamine, antibodies,
lymphokines, complement, and proteases. Complement is responsible for many of the
membrane alterations that occur during immunologic injury.
Injurious genetic factors
Genetic disorders may be the result of genetic factors that alter the cell´s
nucleus and the plasma membrane´s structure, shape, receptors, or transport
mechanisms.
Injurious nutritional imbalances
Cells require adequate amounts of essential nutrients - protein, carbohydrates,
lipids, vitamins, and minerals - to function normally. If these nutrients are not
consumed in the diet and transported to the body´s cells, or if excessive amounts of
nutrients are consumed and transported, pathophysiologic cellular effects develop.
Injurious physical agents
They include temperature extremes, changes in atmospheric pressure,
radiation, illumination, mechanical factors, noise, and prolong vibration.

General body responses
Injurious influences of noxas do not only produce local cell´s injury, but also
elicit general body responses. As living organism develop complex structure and
function, integration of their various components becomes essential to their survival.
This integration is effected by two systems:
1. Central nervous system (CNS)
2. Endocrine system (ES)
The human nervous system co-ordinates, interprets, and controls the
interactions between the individual and the surrounding environment. Principal
function of the endocrine system is to maintain internal homeostasis despite changes
in the external environment.
There are anatomic connections between the CNS and the ES, primarily
through the hypothalamus. As a consequence, stimuli that disturb the CNS frequently
also alter the function of the ES. The integrated operation of the CNS and the ES
helps maximise the response of the organism to injurious (stressful) stimuli.

Stress and diseases
It is often reported that the usage of the term stress in a biologic sense began
with Hans Selye in 1946. Stress is the term used to describe the physiologic changes
that follow the application of a stressor to an animal.
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However, in 1914 and later in 1935 Walter B. Cannon applied the engineering
concept of stress and strain in a physiologic context. He stated that physical as well as
emotional stimuli could cause stress.
The concept that stress may influence immunity and resistance to disease has
been the subject of several investigations since the middle of the century:
psychological stimuli characterised by failure, unresolved role crisis, and social
isolation in students were frequently associated with respiratory infections.
Research in the 1980s provided answer to the biochemical relationships of the
central and autonomic nervous systems, the endocrine system, and the immune
system.
Selye exposed rats to the noxious stimuli, such as cold, surgical injury, and
restraint. He called these stimuli stressors. Repeatedly, he found that the following
triad of structural changes occurred:
1. enlargement of the cortex of the adrenal gland,
2. atrophy of the thymus gland and other lymphoid structures,
3. development of bleeding ulcers of the stomach and duodenal lining.
Selye concluded that this triad or syndrome of manifestations represented a
non-specific response to noxious stimuli. Because many diverse agents caused the
same syndrome, Selye suggested that it be called the general adaptation syndrome
(GAS).
Selye defined three successive stages in development of the GAS:
1. The alarm stage, in which the central nervous system is aroused and the body´s
defences are mobilised.
2. The stage of resistance or adaptation, during which mobilisation leads to "flight
or fight".
3. The stage of exhaustion, in which continuous stress causes the progressive
breakdown of compensatory mechanisms and homeostasis. The stage of
exhaustion, Selye believed, marked the onset of certain diseases he called diseases
of adaptation.
The stress response (non-specific physiologic response) is considered
classically to arise through a complex neuroendocrine reflex (interaction among the
sympathetic branch of the autonomic nervous system and two glands, the pituitary
gland and the adrenal gland) initiated by chemical or physiologic perturbation
(stressors) that can be detected by specific sensors in the body. The afferent signals
thus generated are conveyed to the central nervous system, where integration and
modulation occur. An efferent endocrine or neural signal is then generated, which
alters the body´s local or systemic metabolism to counteract the disturbance from the
original stressor.
The alarm phase of the GAS begins when a stressor triggers the action of the
pituitary gland and the sympathetic nervous system (SNS). The resistance or
adaptation phase begins with the actions of the adrenal hormones - cortisol,
norepinephrine, and epinephrine. Exhaustion occurs if stress continues and adaptation
is not successful. The ultimate sign of exhaustion are impairment of the immune
response, heart failure. and kidney failure, leading to death.
The body has receptors that can detect tissue destruction; changes in pressure
or tension; the relative concentration of chemicals important to life, including
hydrogen ions, oxygen, CO2, and glucose; and changes in the tonicity of body fluids.
Stressors activate one or more of these sensors to produce a spectrum of afferent
activity (for example: traumatic injury - initially, nociceptive input from the site of
injury and baroreceptors signals reflecting changes in effective circulating blood
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volume seem most important; with the time, other stimuli, such as hypoxia, acidosis,
hypercapnia, and changes in body temperature may assume importance; in addition,
humoral and inflammatory mediators from the site of the injury and emotional input
from the limbic system can influence the overall response to this complex stimulus).
Cardiovascular, hypoxic, nociceptive, and other signals are carried to the brainstem
and than conveyed to the hypothalamic paraventricular nucleus (PVN) where the
efferent arc of the hypothalamic-pituitary-adrenal (HPA) system begins.
The afferents arising from the sensors stimulated by noxious influences
(stressors) mediate central autonomic response and medullary somatosympathetic
reflexes, which lead to a generalised sympathetic response. SNS is especially
strongly activated in many emotional states (stage of rage). SNS is also activated,
when corticotropin-releasing hormone (CRH) is released.
The hypothalamus serves as the maximal neural signalling station to produce
neurohormones. CRH is synthesised in the PVN and it reaches the pituitary gland via
short portal circulation. The CRH released into the portal veins is carried to the
anterior pituitary, where it regulates the release of corticotrophin (ACTH).
Corticotrophin is one active fragment of a large precursor molecule,
proopiomelanocortin. Another product of proteolytic cleavage of proopiomelanocortin
is -endorphin. CRH stimulates production and secretion of both ACTH and endorphin.
Circulating ACTH activates specific membrane receptors in the cells of
adrenal cortex to stimulate secretion of glucocorticoid hormones, primarily cortisol.
CRH-ACTH-cortisol axis is an important point of a general neuroendocrine response
to many different stressors. Almost any type of physical or mental stress can lead
within minutes to greatly enhanced secretion of ACTH and consequently of cortisol as
well.
In addition, other effect, such as emotion, may arise from cortical areas. The
PVN also receives fibres from the limbic system. Such effect may be important in
responses of the HPA system to behavioural and emotional stimuli.

The stress response
Stressors such as infection, noise, decreased oxygen supply, pain, malnutrition,
heat, cold, trauma, prolonged exertion, anxiety, depression, anger, fear, radiation,
obesity, old age, excitement, drugs, disease, surgery, and medical treatment can elicit
the physiologic stress response. The purpose of the stimulated SNS is to provide extra
activation of the body = sympathetic alarm reaction.
The sympathetic nervous system is aroused and causes the medulla of the
adrenal gland to release catecholamines (epinephrine = adrenaline, norepinephrine =
noradrenalin) into the bloodstream. Preganglionic sympathetic fibres from the
splanchnic nerve terminate in the adrenal medulla. Simultaneously, the pituitary gland
is stimulated to release a variety of hormones, including antidiuretic hormone (from
the posterior pituitary gland), and prolactine, growth hormone, and ACTH. ACTH
stimulates the cortex of the adrenal gland to release cortisol.
Multiple hormones cooperate to bring about appropriate biochemical
responses. Metabolic adaptation is co-ordinated with a number of physiologic and
behavioural changes such as increased cardiac and respiratory activity,
vasoconstriction and increased blood pressure, increased rate of blood coagulation,
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increased ability of the body to perform vigorous muscle activity, and increased
mental activity. Concurrently, the function of GIT and kidney is decreased.
Catecholamines
Epinephrine release from the adrenal medulla goes to the liver and skeletal
muscle, but is then rapidly metabolised. Very little adrenal norepinephrine reaches
distal tissue, thus, the effects caused by norepinephrine during the stress response are
primarily from the SNS efferents.
The catecholamines act by stimulating two major classes of receptors: adrenergic receptors and -adrenergic receptors. Table 1 summarises physiological
responses. Epinephrine binds to and activates both  and  receptors. Norepinephrine
at physiologic concentrations primarily binds to  receptors. During stress,
norepinephrine raises blood pressure by constricting peripheral vessels. It also
inhibits GIT activity.

Table 1. Essential physiologic actions of the  and  receptors
___________________________________________________________
Receptor Physiologic action
___________________________________________________________
1
2

glycogenolysis; smooth muscle contraction (blood vessels)
smooth muscle relaxation (GIT); inhibition of insulin secretion

1
2

stimulation of lipolysis; myocardial contraction ( rate,  force)
 hepatic glycogenolysis and gluconeogenesis;  release of
glucagon and renin; smooth muscle relaxation (bronchi)

Epinephrine causes some of the same effects as norepinephrine, yet it has
greater influence on cardiac action and is the principal catecholamine involved in
metabolic regulation. Epinephrine enhances myocardial contractility (inotropic
effect), increases the heart rate (chronotropic effect), and increases venous return to
the heart, all of which increase cardiac output and blood pressure. Metabolically,
epinephrine causes transient hyperglycemia (high blood sugar) by activating enzymes
whose actions promote glucose formation (glycogenolysis and gluconeogenesis in the
liver) while inhibiting glucose breakdown. Epinephrine decreases glucose uptake in
the muscle and other organs and decreases insulin release from the pancreas; glucose
is preserved for the CNS. Epinephrine also mobilises free fatty acids and cholesterol,
freeing triglycerides and fatty acids from fat stores, and inhibiting the degradation of
circulating cholesterol to bile acids. Table 2 summarises well-known effect of
catecholamines. All of these effects prepare the body to take physical action to "fight
or flight".
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Table 2.
Physiologic effects of the catecholamines
____________________________________________________________
Organ
Process or result
____________________________________________________________
Brain

 blood flow;  glucose metabolism

Cardiovascular system

 rate and force of contraction; peripheral
vasoconstriction

Pulmonary system

 oxygen supply, bronchodilatation,  ventilation

Skeletal muscles

 glycogenolysis;  contraction

Liver

 glucose production,  glycogenolysis and
gluconeogenesis;  glycogen synthesis

Adipose tissue

 lipolysis,  fatty acids and glycerol

Skin

 blood flow

GIT

 protein synthesis;  motility

Lymphoid tissue

 protein breakdown

Cortisol
It mobilises substances needed for cellular metabolism. One of the primary
effects of cortisol is the stimulation of gluconeogenesis (formation of glycogen from
non-carbohydrate sources, such as amino or free fatty acids in the liver). In addition,
cortisol enhances the elevation of blood glucose promoted by other hormones, such as
epinephrine, glucagon, and somatotropic growth hormone (this action by cortisol is
permissive for the action of other hormones). Cortisol also inhibits the uptake and
oxidation of glucose by many body cells. The overall action of cortisol on
carbohydrate metabolism results in an elevation of blood glucose.
Cortisol also affects protein metabolism. It increases the protein synthesis in
liver, and it has catabolic effect in muscle, lymphoid tissue, skin, and bone. The
overall breakdown effect of proteins results in a negative nitrogen balance and an
increase in circulating amino acids. Cortisol can also promote lipolysis in some areas
of the body.
Cortisol acts as an immunosuppressant by suppressing protein synthesis,
including synthesis of immunoglobulins. Cortisol also reduces populations of
eosinophils, lymphocytes, and macrophages. The mechanisms of inhibition of the
immune response are multifactorial. When an antigen intrudes into the body, it is
picked up by a macrophage. The macrophage presents the antigen to thymus-derived
lymphocytes (T cells) and simultaneously produces and releases interleukin 1, a
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protein lymphokine that activates a subset of T cells, with helper function. Likewise,
helper T cells secrete interleukin 2, a protein that stimulates the proliferation of still
more T cells. The bursa-derived lymphocytes (B cells) are regulated by T cells. These
B cells then produce antibodies directed against the original invading antigen. Cortisol
inhibits the production of both interleukin 1 and 2, thus decreasing T cell
responses. The diminished helper T cells cause a decrease in B cells and antibody
production.
Glucocorticoids are necessary for the maintenance of normal blood pressure
and cardiac output. Cortisol maximises the action of the catecholamines (the
"permissive" effect). In the GIT, cortisol promotes gastric secretion. Excessive
cortisol may stimulate gastric secretion enough to cause ulceration of the gastric
mucosa.

Table 3.
Physiologic effects of cortisol
____________________________________________________________
Functions affected
Physiologic effects
____________________________________________________________
Carbohydrate and
lipid metabolism

Diminished peripheral uptake and utilisation of
glucose; promote gluconeogenesis and lipolysis

Protein metabolism

Depressed protein synthesis in muscle, lymphoid tissue,
skin, and bone;  plasma level of amino acids

Inflammatory effects

 circulating leukocytes,  accumulation of leukocytes
at the site of inflammation; delays healing

Digestive function

Promotes gastric secretion

It is not entirely clear why cortisol secretion during stress is beneficial. It has
been suggested that gluconeogenesis ensures adequate source of glucose (energy) for
body tissues. The redistribution of protein to sites where replacement is critical, such
as muscle or cell of damaged tissue, would be beneficial. The beneficial action of
cortisol could be supported by the experiments, in which the application of stressors
after adrenal ablation was associated with circulatory collapse and mortality. The
stage of resistance of the GAS did not occurred.
Endorphins
-endorphins (endogenous opiates) are released into the blood as part of the
response to stressful stimuli. Increased -endorphin levels are associated with a
parallel increase in pain threshold, i.e., stress-induced analgesia. Subjects not only
experience insensitivity to pain but also report increased feelings of excitement,
positive well-being, or euphoria. Endorphins may play a role in the excitement and
exhilaration produced by dancing, contact sports, and combat.
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Glucagon
Glucagon is hormone of energy shortage. Its secretion is predominantly
stimulated by catecholamines. Glucagon stimulates gluconeogenesis and
glycogenolysis.
Growth hormone
Somatotropin affects protein, lipid, and carbohydrate metabolism. In most
circumstances, the increase in growth hormone occurs only with a parallel rise in
cortisol secretion. Somatotropin stimulates the proteosynthesis and transport of amino
acids into the muscles.
Prolactin
Prolactin levels in plasma increase from a variety of stressful stimuli.
However, like growth hormone, prolactine appears to require more intense stimuli
than those leading to increases in catecholamine or cortisol levels. Its metabolic
effects are similar to that of somatotropin.
During stress multiple hormones cooperate to bring about appropriate
biochemical and physiological responses.
The hyperglycemia is a result of integrated function of different hormones:
catecholamines and glucagon stimulate glycogenolysis, cortisol and catecholamines
increase gluconeogenesis in liver, catecholamines inhibit insulin secretion and thus in
concert with cortisol diminishes peripheral uptake and utilisation of glucose.
Most "stress hormones" stimulate lipolysis (epinephrine, glucagon, ACTH,
STH, cortisol) to increase energy delivery to the tissues and save glucose for brain
metabolism.

Role of the immune system
HPA system has been a model for neuroendocrine control of responses of
organisms to stressors since the turn of the century. Despite this, the pathways by
which infectious insults interact with the HPA system remained poorly defined.
Recently, evidence has been presented suggesting that humoral mediators released by
inflammatory cells (cytokines) may participate in communication between the site of
inflammation and the CNS. Most evidence points to a central action of interleukin 1
(IL-1) on the HPA system. Increased levels of circulating ACTH in rats were reported
after injection of IL-1. This effect occurs rapidly, precedes the development of fever,
and has been observed after even subpyrogenic doses of IL-1. Interleukin 1-stimulated
ACTH release is associated with increased CRH concentration in hypophyseal portal
venous blood.
Much evidence supports a linkage between the neuroendocrine and immune
system. The bi-directional communication involves shared usage of signal molecules
and their receptors. In summary, the main findings are:
1. Cells of immune system can synthesise substance activating pituitary-adrenal
system.
2. Immune cells can possess receptors for hormones of HPA system.
3. These same neuroendocrine hormones can influence immune function.
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Stress, coping, and illness
An event or situation can be a stressor for one person and not for another. The
studies already described have demonstrated that many stressors, such as fasting or
extreme heat, do not necessarily cause a physiologic stress response if psychological
factors are minimised. Therefore, the perception of stressors is instrumental in
mediating the physiologic response to stress. The perception of stressors is complex
and depends on the context in which the stressors appear to the individual, the
individuals previous experience with the stressor, and the individual ability to cope
with the stressors. Cultural factors, personal and social factors, and vulnerability all
help to determine whether a stimulus is perceived as a stressor.
Once a stimulus is perceived as a stressor, its physiologic effect will depend on
the individual ability to cope with it. Coping process is defined as the individuals
psychological response to the stressor. The effectiveness of coping determines the risk
of maladaptive illness because it also determines whether the physiologic stress
response will continue or diminish. For example, incidence of mortality increased
among elderly individuals who were displaced and moved to another living situation,
such as a nursing home. Actual mortality differed, however, depending on how each
individual coped with the displacement; those who reacted with psychosis or
depression tended to do poorly, while those who responded angrily or philosophically
to the change tended to do better.

Fig. 1
Stressor

Mediating factors
(appraisal, individual resources, etc.)

Stress

Effective
Ineffective
Coping 


Maintain homeostasis
Illness

Fig. 1 depicts a model of the interaction of a stressor, its appraisal, and the
reaction to it in terms of illness onset. Although the model cannot fully account for the
many interacting factors affecting the response to a stressor or explain the related
implication for illness, it illustrates the complexity defining the steps between the
onset of a stressor and ensuing illness. Besides appraisal and individual resources,
mediating factors, such as social support, personality type, and genetic and biologic
makeup, affect the response to a stressor.
Many conditions and diseases are associated with stress (Table 4). The
specific stress-induced mechanisms causing these illnesses are as yet unknown.
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Table 4.
Examples of stress-related diseases and conditions
______________________________________________________________
Target organ or system
Disease or condition
_______________________________________________________________
Cardiovascular system
Coronary artery disease
Hypertension
Disturbances of heart rhythm
Muscles

Tension headaches
Contraction backache

Pulmonary system

Asthma (hypersensitivity reaction)
Hay fever (
"
"
)

Immune system

Immunosuppression or deficiency

GIT system

Ulcer
Irritable bowel syndrome
Diarrhoea

Genitourinary system

Impotence
Frigidity
Diuresis

Skin

Eczema
Neurodermatitis
Acne

Endocrine system

Diabetes mellitus

CNS

Fatigue and lethargy
Overeating
Depression
Insomnia
___________________________________________________________________

Some role may play increased plasma levels of "stress hormones", especially if they
are long lasting. Such situations are typical for mental or psychosocial stress.
Sympathetic alarm stimulation produces high plasma levels of catecholamines and
cortisol following by hyperglycemia, and hyperlipemia. These metabolic changes are
advantageous for animals living in natural conditions either for "fight or flight"
reaction or during starvation. But man supplied with excessive food resources and
living usually in hypodynamic conditions (sedentary life-style) cannot utilise
accumulated energetic substrates. Such repeated and long acting situations promote
some pathophysiologic states:
1.  catecholamines promote coronary artery disease and cardiac arrhythmias,
2.  catecholamines and cortisol promote hypertension,
3. hyperlipoproteinemia acts in premature atherosclerosis,
4.  peripheral uptake and utilisation of glucose play role in insulin resistant diabetes
mellitus,
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5.
6.
7.
8.

 rate of blood coagulation promotes thrombosis,
 protein synthesis promotes muscular atrophy and premature osteoporosis,
 -endorphin plays role in obesity.
"Stress ulcer" associated with shock, sepsis or burns are not characterised by
gastric acid hypersecretion. Disruption of the mucosal barrier function of the
stomach and poor vascular perfusion of mucosa are present.
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FLUID AND ELECTROLYTE BALANCE AND THEIR
ASSESSMENT
M. Tatár

Fluid and electrolyte balances are interdependent; if one is abnormal, so is
the other. Therefore, they should be discussed together.

Total body fluid
Water constitutes about 60 % of the weight of men and about 50 % of the
weight of women. Women generally have proportionately more fat and a smaller
muscle mass than men, which accounts for their smaller amount of water in relation to
total body weight (TBW.

Major compartments of body fluid
Various membranes (capillary, cell) separate total body fluids into two major
compartments. In the adult about 40 % of body weight or two thirds of TBW is within
cells or intracellular fluid (ICF). The remaining one third of TBW or 20 % of body
weight is found outside of cells, the extracellular fluid (ECF), which is divided into
interstitial fluid (ISF) compartment between the cells (15 %) and the intravascular
fluid (IVF).
In addition to the ISF and IVF, special secretions (cerebrospinal fluid,
intraocular fluid, and gastrointestinal secretions) form a small proportion (1 % to 2 %
of body weight) of the extracellular fluid called transcellular fluid.

Major electrolytes and their distribution
Body electrolytes include sodium (Na+), potassium (K+), calcium (Ca++),
magnesium (Mg++), chloride (Cl-), bicarbonate (HCO3-), phosphate (HPO42--), and
sulphate (SO42-). The chief cation of the ECF is sodium (Na+), and the chief anions are
chloride (Cl-) and bicarbonate (HCO3-); in the ICF potassium (K+) is the chief cation
and phosphate (HPO4=) is the chief anion.
Sodium plays a major role in controlling total body fluid volume, whereas
potassium is important in controlling the volume of the cell.
The law of electrical neutrality states that the sum of negative charges must be
equal to the sum of positive charges (measured in milliequivalents) in any particular
compartment.
Ionic composition of the ISF and IVF is very similar. The main difference is
that ISF contains very little protein as compared with the IVF. The protein in plasma
plays a significant role in maintaining the volume of the IVF.
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Movement of body fluids and electrolytes
Body fluids and their dissolved substances are in a constant state of mobility.
There is a continual intake and output within the body as a whole, and between the
various compartments. Fluids and electrolytes are picked up by gastrointestinal tract
and they are transported to various parts of the body via the circulatory system. IVF
and its dissolved substances are rapidly exchanged with the ISF through the
semipermeable capillary membrane. The composition and volume on the fluid is
relativelly stable, a states called dynamic equilibrum or homeostasis.

Movement of solutes between body fluid compartments
Several factors affect how readily a solute diffuses across capillary and cell
membranes, including membrane permeability, concentration, electrical potential, and
pressure gradients.
Permeability refers to the size of the membrane pores. Concentration and
electric gradients interact to influence the movement of electrolytes termed the
electrochemical potential.
Hydrostatic pressure gradient increases the rate of diffusion of solutes through
the capillary membrane.
One of the most widely distributed active transport systems is the Na,Kactivated-ATPase system (also called the sodium-potassium pump) located in cell
membranes. This single enzyme molecule pumps three Na+ ions out of the cell in
exchange for two K+, at the expense of one ATP molecule.

Movement of water between body fluid compartments
The movement of water between the various fluid compartments is controlled
by two forces: osmotic and hydrostatic pressures. Osmotic pressure refers to the
drawing force for water exerted by soluted particles. Osmosis is the process of the net
diffusion of water caused by a concentration gradient. Net diffusion of water occurs
from an area of low solute concentration (dilute solution) to one of high solute
concentration (concentrated solution) .
The osmotic concentration of a solution depends only on the number of
particles without regard to their size, charge, or mass. Na+ (and its anions) contributes
most to the osmolality of the ECF, because it is the most numerous particle in the
ECF and the cell membrane is relatively impermeable to it.

Movement of water between the plasma and interstitial fluid
Sodium does not play an important role in the movement of water between the
plasma and interstital fluid compartments. The distribution of water between these
two compartments is determined by the hydrostatic pressure of the capillary blood
produced, mainly by the pumping action of the heart and the counterbalancing colloid
osmotic pressure (COP) produced primarily by serum albumin. Albumin acts as an
effective osmole because it is confined to the intravascular space and does not readily
cross the capillary membrane.
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The accumulation of excess fluid in the interstitial spaces is called edema.
Factors favor edema formation:
1. increased capillary hydrostatic pressure,
2. decreased plasma oncotic pressure,
3. increased capillary permeability resulting in an increase in interstitial fluid colloid
osmotic pressure,
4. lymphatic obstruction (increased interstitial oncotic pressure).

Movement of water between the ECF and the ICF
Movement of water between the ECF and the ICF is determined by osmotic
forces. Because sodium composes over 90 % of the particles in the ECF, it has a
major effect on total body water and its distribution.
If ECF osmolality increases (becomes hyperosmotic), water shifts from the
ICF to the ECF, decreasing cell volume. If the ECF osmolality decreases (becomes
hypoosmotic), water shifts from the ECF to the ICF, increasing cell volume.
Hypotonic solution, such as 0.45 % saline, would cause cell swelling. Hypertonic
solution, such as 3 % saline, would cause the cells to shrink. Intravenous (IV)
administration of isotonic saline results in no change in the ICF volume or osmolality,
and the entire volume remains in the ECF.

Exchange of water with the external environment
Water is normally lost from the body to the external environment by four
routes: kidneys, intestines, lungs (water vapor in the expired air), and skin (through
evaporation and sweat). Fluid intake equals fluid output. The normal daily fluid
requirements for an adult are about 2500 ml.

Physiologic regulation of fluids and electrolytes
The kidneys, cardiovascular system, pituitary gland, parathyroid glands,
adrenal glands, and the lungs are particularly involved. The kidney mediates the
majority of control over fluid and electrolyte levels.

Sodium and water
Body water and salt (NaCl) balances are closely related, affecting both the
osmolality and volume of the ECF. Body water balances is primarily regulated by the
thirst and antidiuretic hormone (ADH). Sodium balance, on the other hand, is
primarily regulated by aldosterone.
Water balance and osmotic regulation
Osmotic regulation is mediated via the hypothalamus. The hypotalamus
contains osmoreceptors sensitive to the osmolality of the blood and the thirst center.
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Increase in plasma osmolality stimulates both thirst and ADH release. ADH
mechanism is largely concerned with osmoregulation through controlling water
balance and is much less sensitive to volume regulation.
Sodium balance and volume regulation
Maintaining plasma volume, which is essential for tissue perfusion, is closely
related to the regulation of sodium balance. The mechanisms that regulate volume
balance respond primarily to changes in the effective circulating volume. Effective
circulating volume is that part of the ECF volume in the vascular space that
effectively perfuses the tissues. ECF volume varies directly with the effective
circulating volume and is proportional to the total body sodium stores because sodium
is the principal solute that holds water within the ECF. Thus, renal mechanisms
controlling sodium excretion are primarily responsible for volume regulation in the
body.The renin-angiotensin-aldosterone system is a mechanism of primary
importance in the regulation of the ECF volume and renal sodium excretion.

Osmoregulation versus volume regulation
The mechanisms regulating plasma osmolality and plasma volume are
different. The plasma osmolality (Posm) is determined by the ratio of solutes to
water, whereas the ECF volume is determined by the absolute amounts of sodium and
water present.

Regulation of ECF potassium
Aldosterone is a primary control mechanism for potassium secretion by the
distal nephron of the kidney. Potassium excretion is also influenced by acid-base
status and flow rate in the distal tubule. Within the distal tubule, H+ ions and K+ ions
compete for excretion in exchange for Na+ reabsorption to maintain body
electroneutrality. This mechanims explains why hypokalemia is often associated with
alkalosis, and hyperkalemia is associated with acidosis.

Disorders of fluid volume, osmolality, and electrolytes
Three general categories of changes describe abnormalities of body fluids:
1. volume
2. osmolality
3. composition
Volume imbalances primarily affect the extracellular fluid (ECF) and involve
relatively equal losses or gains of sodium and water leading to an ECF volume deficit
or excess. Fluid will not be transferred from the ICF to the ECF as long as the
osmolality in the two compartments remains the same.
Osmotic imbalances primarily affect the ICF and involve relatively unequal
losses or gains of sodium and water. If the concentration of sodium in the ECF is
decreased, water moves from the ECF to the ICF (causing cell swelling). If the
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concentration of sodium in the ECF should increase, water moves from the ICF to the
ECF (causing cell shrinkage).
The concentration of most other ions within the ECF compartment can be
altered without significant changes in the total number osmotically active particles,
thus producing a compositional change. For example, a rise in the serum potassium
concentration from the normal 4 to 8 mEq/L would have a signifacant effect on
myocardial function.

Volume imbalances
Extracellular fluid (ECF) volume deficit
ECF volume deficit or hypovolemia is defined as the isotonic loss of body
fluids, with relatively equal losses of sodium and water.
Pathogenesis
It is almost always related to the renal or extrarenal loss of body fluids. Fluid
volume depletion occurs more rapidly if the abnormal loss of body fluids is coupled
with decreased intake for any reason.
1. The most common cause of isotonic fluid volume deficit is the loss of a significant
fraction of the 8 litres of gastrointestinal (GI) fluids secreted daily. Significant
losses may occur through prolonged vomiting, massive diarrhea, fistulas, or
bleeding.
2. Other common causes include sequestration of fluid in soft tissue injuries,
extensive burns, peritonitis, or within an obstructed GI tract. These spaces are
called third spacing. Third-space fluid loss refers to a distributional loss of fluids
into a space that is not easily exchangeable with the ECF.
3. During heavy exercise in hot environments, as much as 1 litre of sweat/hour may
be lost and contribute to fluid volume deficit if oral intake is inadequate. Large
amounts of fluid may be lost in illnesses where there is fever.
4. Abnormal losses of sodium and water in the urine may occur in several ways.
During the recovery (diuretic) phase of acute renal failure or in certain chronic
renal diseases primarily involving the tubules (salt-losing nephritis). An obligatory
osmotic diuresis is another common cause of sodium and water loss during
marked glycosuria of uncontrolled diabetes mellitus. Excessive loss of sodium and
water in the urine may occur in Addison´s disease of a deficiency of aldosterone.
Hemodynamic responses to fluid volume deficit
Contraction of the ECF volume (hypovolemia) impairs cardiac output by
diminishing venous return to the heart. Fall in cardiac output lowers blood pressure.
Sympathetic-induced changes include peripheral vasoconstriction  diminished
renal perfusion activates the renin - angiotensin - aldosterone mechanism. If the fluid
volume deficit is small (500 ml), activation of the sympathetic response is generally
adequate to restore cardiac output and blood pressure to near normal.
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Clinical features
In the case of a large and rapid loss of volume as in hemorrhage, massive
diarrhea, or massive sequestration in a third space, the signs and symtoms are
synonymous with circulatory collapse and shock. The hematocrit and serum protein
levels are elevated. Serum sodium concentration will be normal.

ECF volume excess
As excessive isotonic fluid accumulates in the ECF (hypervolemia), fluid
shifts into the interstitial fluid compartment causing edema. Fluid volume excess is
always secondary to an increase in total body sodium content, which in turn causes
water retention.
Pathogenesis
Edema is defined as an excesive accumulation of interstitial fluid. Edema may
be either localized or generalized. Edema is always an alteration in one of the critical
Starling forces that governs the distribution of fluid between the capillaries and
interstitial spaces.
The three most common conditions resulting in generalized edema are
congestive heart failure, cirrhosis of the liver, and the nephrotic syndrome. Each is
characterized by a deficit in at least one of the Starling capillary forces and by renal
retention of sodium and water. The retention of sodium by the kidney in edemaforming states result from one or two basic mechanisms: the response to effective
circulating volume depletion or primary renal dysfunction.
When cardiac output is decreased, the kidney retains sodium and water in an attempt
to restore the circulating volume.
1. A decrease in the effective circulating volume is believed to be the mechanism
responsible for renal sodium retention in congestive heart failure, liver cirrhosis
and the nephrotic syndrome.
2. Edema associated with advanced renal failure results from intrinsic impairment
of renal excretory function.
3. Another condition includes Cushing´s syndrome or corticosteroid therapy because
of increased aldosterone activity.
4. Starvation resulting in hypoproteinemia is also associated with edema.

Osmolality imbalances
Osmolality imbalances involve the concentration of solutes in the body fluids.
Because sodium is the major osmotically active solute in the ECF, in most cases
hypoosmolality represents hyponatremia and hyperosmolality represents
hypernatremia. One notable exception is the hyperglycemia resulting from
uncontrolled diabetes mellitus. Osmolality imbalances affect the distribution of water
between the ECF and ICF compartments.
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Hyponatremia (hypoosmolality imbalance)
A serum sodium level less than 135 mEq/l defines hyponatremia.
Etiology and pathogenesis
Hyponatremia associated with sodium loss is called depletional hyponatremia
and is characterized by contraction of the ECF volume. Hyponatremia due to water
excess is called dilutional hyponatremia or water intoxication and is characterized
by expansion of the ECF volume. Sodium loss that causes depletional hyponatremia
can result from renal and nonrenal mechanisms, diuretics and salt-losing renal disease.
Dilutional hyponatremia (water excess) is commonly seen in conditions characterized
by a defect in renal free-water excretion with continued intake, particularly of
hypotonic fluids. Other causes of dilutional hyponatremia include renal failure in
which there is impaired ability to dilute the urine.
Clinical features
Signs and symptoms of hyponatremia primarily reflect neurologic dysfunction
induced by hypoosmolality. As the serum osmolality falls, water enters brain cells (as
well as other cells), causing intracellular overhydration and increased intracranial
pressure. The earliest symptoms, including lethargy, anorexia, nausea, may occur
when the serum Na+ is 120 to 125 mEq/l and progress to convulsions and coma with
further reductions.

Hypernatremia (hyperosmolality imbalance)
Hypernatremia is defined by the presence of a serum sodium level greater than
145 mEq/l. The rise in serum osmolality causes water to shift from the ICF to the
ECF, resulting in cell dehydration and shrinkage.
Causes and pathogenesis
The causes are classified as insufficient water intake with or without loss of
water in excess of sodium and sodium gain. Inadequate water intake is most
commonly seen in the elderly who have a disturbance in level of consciousness, in the
very young who have inadequate access to water. Hypotonic water losses may be
caused by nonrenal or renal losses that are not replaced. Losses may increase
dramatically in patients who are febrile and hyperventilating. Central and nephrogenic
diabetes insipidus are conditions in which either ADH secretion or its renal effect are
impaired. Osmotic diuresis is another major cause of renal water loss. Glycosuria in
uncontrolled diabetes mellitus is the most common cause of osmotic diuresis.
Clinical features
The most prominent manifestation of hypernatremic and hyperosmotic
imbalances are neurologic and result from cellular dehydration, particularly of brain
cells. Lethargy, agitation, irritability, hyperflexia, and spasticity may occur and
culminate in coma, seizures, and death. Thirst is the major symptom of
hypernatremia. Other clinical findings include dry, sticky mucous membranes, flushed
skin, and a dry, red tongue. Oliguria or anuria may be present and the patient may be
febrile.
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Potasium imbalances
Few of the disturbances in fluid and electrolyte metabolism are as frequently
encountered or as immediately life-threatening as disturbances in potassium balance.
The normal range of serum K+ is 3.5 to 5.5 mEq/L. The ECF potassium, although a
small fraction of the total, greatly influences neuromuscular function. The ratio of the
ICF to ECF potassium concentration is the principal determinant of the cell membrane
potential in excitable tissues, such as cardiac and skeletal muscle. The distribution of
potassium between the ICF and ECF is influenced by acid-base balance and
hormones. Acidosis tends to shift potassium out of cells, whereas alkalosis favours
movement from the ECF to the ICF. Insulin and epinephrine stimulate K+ movement
into cells.

Hypokalemia
Hypokalemia is defined as a serum potassium concentration of less than 3.5
mEq/L.
Causes and pathogenesis
Principal causes of hypokalemia: gastrointestinal and urinary losses,
inadequate potassium intake, and K+ shifts caused by alkalosis or the treatment of
diabetic ketoacidosis with insulin and glucose.
Gastrointestinal disorders characterized by vomiting, nasogastric suction,
diarrhea, or loss of other secretion are perhaps the most frequent causes of
hypokalemia. Hypokalemia associated with womiting is primarily due to increased
renal excretion of potassium:
1. Loss of gastric acid leads to metabolic alkalosis, which stimulates a shift of K+
into renal tubular cells.
2. During metabolic alkalosis HCO3 augments K+ excretion.
3. Loss of gastric fluid causes ECF volume contraction which in turn stimulates
increased aldosterone secretion.
The kidney can be a major site of potassium loss. Diuretics are among the
most frequent causes of hypokalemia. Patients with severe burns in the healing stage
may develop hypokalemia because potassium may shift from the cells to the ECF and
then is lost in the urine through diuresis.
Primary hyperaldosteronism caused by an adrenal adenoma present with
hypokalemia and metabolic alkalosis resulting from renal potassium wasting.
Clinical features
The most prominent features of hypokalemia are reflected in the
neuromuscular status, and the most serious complication is cardiac arrest, which is
more apt to occur if the depletion has been rapid. Muscle weakness or leg cramps may
occur. Gastrointestinal smooth muscle dysfunction results in decreased bowel
motility, with progression to paralytic ileus and abdominal distension. Cardiac
dysrythmias and ECG changes are important manifestation of hypokalemia.

33

Hyperkalemia
Hyperkalemia is defined as a serum potassium concentration of 5.5 mEq/L or
greate. Acute hyperkalemia is a medical emergency requiring prompt recognition and
treatment to avoid a fatal cardiac dysrhythymia and cardiac arrest.
Causes and pathogenesis
Hyperkalemia can be caused by inadequate excretion, redistribution of
potassium in the body, and increased intake. The most common cause of
hyperkalemia is inadequate renal excretion. One would expect renal failure to result in
hyperkalemia.
An endogenous source of potassium overloading might be internal bleeding
+
with the release of K during hemolysis of red blood cells. Adisson´s disease and
isolated hypoaldosteronism can present with severe hyperkalemia.
Acidosis and tissue damage, such as results from burns or a crushing injury,
cause potassium to shift from the ICF to the ECF.
Clinical features
The neuromuscular effects of hyperkalemia resemble those of hypokalemia.
Muscle weakness predominates. Other signs and symptoms may include nausea,
intestinal colic, or diarrhea. Cardiac arrest is the most feared complication of
hyperkalemia.
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ACID-BASE DISORDERS
M. Tatár

Physiologic considerations
Acid-base balance refers to the homeostasis of the hydrogen ion concentration
H+ in body fluids. Acids are produced continuously from normal metabolism. The
normal H+ concentration of the arterial blood is 0.00000004 (4x10-8) mmol/l. Despite
this low concentration, the maintenance of a stable H+ is required for normal cellular
function, because small fluctuations have important effects on the activity of cellular
enzymes.
pH scale
pH = -log H+. The normal range of the blood pH is from 7.35 to 7.45. Some
medical centres prefer to express the H+ in nanomoles per liter (nmol/l).
When the H+ increases from 40 to 80 nmol, a doubling of H+ has occurred,
but this may not be evident when the pH changes from 7.4 to 7.1.
Acids

An acid is a substance containing one or more H+ that can be liberated in
solution (proton donor). Two types of acids are formed by metabolic processes in the
body: volatile and non-volatile. Carbon dioxide can by regarded as a volatile acid by
virtue of its ability to react which water to form carbonic acid (H2CO3)
CO2 + H2O  H2CO3  H + HCO3All other sources of H+ are considered to be non-volatile or fixed acids. They must be
excreted by the kidneys.
Sulphuric acid, phosphoric acid, lactic acid, and ketoacids are formed during
the metabolism of carbohydrates and fats and are further oxidised to CO2 and water.
These organic acids may accumulate in certain abnormal circumstances.
Bases
Base in a substance than can capture or combine with hydrogen ions from a
solution (proton acceptor).
Buffers
Buffer describes a chemical substance that minimises the pH change in a
solution caused by the addition of either an acid or a base. A buffer is a mixture of a
weak acid and its alkali salt:
1. bicarbonate / carbonic acid system (NaHCO3 and H2CO3),
2. disodium /monosodium phosphate buffer system (Na2HPO4 and NaH2PO4),
3. haemoglobin /oxyhaemoglobin buffer system in red blood cells (HbO2- and
HHbO2),
4. protein buffer system (Pr - and HPr).
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The bicarbonate-carbonic acid buffer system is quantitatively the largest in the
body and operates in the ECF. It contributes more than half of the buffering capacity
of whole blood.
Regulation of the ECF pH
Constancy of the pH is maintained by the integrated action of the body
buffers, lungs, and kidneys.
1. The immediate response (within seconds) to pH changes is the chemical buffering
of H+ by both the ECF and ICF buffer systems.
2. A second line consists of the respiratory control of the CO2 level in the body fluids
through changes in alveolar ventilation. This response is fairly rapid, taking only
minutes to be fully operative.
3. The restoration of normal pH during acid-base disturbances depends on the renal
regulation of the bicarbonate level of body fluids. This response is relatively slow,
taking several days to complete the correction.
The carbonic acid/bicarbonate buffer system
The components of the carbonic acid/bicarbonate buffer system and the
relationship among them:
CO2 + H2O  H2CO3  H+ + HCO340 mm Hg
1.2 mEq/l
pH 7.4 24 mEq/l
Reaction readily occurs in red blood cells because of the presence of the
catalysing enzyme carbonic anhydrase. It is evident from this equation that the H+ is
a function of the ECF HCO3- and the carbon dioxide gas dissolved in the blood
(PCO2).
Acidemia (an increase in H+) occurs when there is either a fall in HCO3- or
an increase in Pco2).
Alkalemia (a fall in the H+) occurs when there is either an increase in the
HCO3  or a fall in PCO2. The left side of the buffer equation is the respiratory
component:
PCO2 + H2O  H2CO3
If the PCO2 is above or below normal, the amount of alveolar ventilation is
inadequate (hypoventilation) or excessive (hyperventilation).
The right side of the equation is the renal - metabolic component:
H2CO3  H+ + HCO3The kidneys contribute to acid-base balance by regulating the plasma HCO3-
in two ways:
1. by reabsorbing the filtered HCO3- and preventing its loss in the urine,
2. by excreting the daily load of excess H+ produced by metabolism.
Two thirds of the excess H+ is excreted in the form of ammonium ions (NH4+),
one third is excreted in the form of phosphoric acid (H3PO4) or sulphuric acid
(H2SO4).
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Henderson - Hasselbalch equation
HCO3
pH = pK + log -----------H2CO3
where pH is the carbonic acid dissociation constant, HCO3- is the plasma bicarbonate
concentration and H2CO3 is the plasma carbonic acid concentration. Because the PCO2
in the plasma is proportional to the concentration of carbonic acid and dissolved
carbon dioxide in the plasma, the Henderson - Hasselbalch equation can be rewritten:
HCO3
pH = pK + log ----------S x PCO2
24 mEq/L
24
pH = 6.1 + log -------------------- = -------0.03 x 40 mmHg
1.2
20
pH = 6.1 + log -----1
pH = 6.1 + 1.3
pH = 7.4

Overview of the primary acid-base imbalances
Normal range of blood pH is near 7.4 and the widest range compatible with
life from 6.8 to 7.8. A blood pH of less then 7.35 is called acidemia and the process
causing it is called acidosis. A pH of 7.25 or less is life-threatening and a pH of 6.8 is
incompatible with life. Similarly, a blood pH greater than 7.45 is called alkalemia and
the process causing it is called alkalosis. A pH greater than 7.55 is life-threatening
and a pH greater than 7.8 is incompatible with life.
The four primary acid-base disturbances and their compensations may be
visualised using a simplified version of Henderson - Hasselbalch equation:
HCO3
20 (metabolic component controlled by kidneys)
pH = ----------- = -----PaCO2
1 (respiratory component controlled by lungs)
Metabolic imbalances are those in which the primary disturbance is in the
concentration of bicarbonate. Increased bicarbonate concentration causes metabolic
acidosis.
Respiratory imbalances are those in which the primary disturbance is in the
concentration of carbon dioxide. An increase in the PaCO2 lowers the pH and is called
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respiratory acidosis. A decrease in the PaCO2 raises the pH and is called respiratory
alkalosis.
Metabolic or respiratory acidosis lowers the 20 : 1 bicarbonate/carbonic acid
ratio, whereas metabolic or respiratory alkalosis raises it.

Compensatory responses to alterations in pH
Once the pH is altered by a primary acid-base disorder, the body immediately
uses compensatory responses to bring the pH back to normal. There are three
compensatory responses:
1. ECF and ICF buffering,
2. respiratory alteration of the PaCO2 by hypoventilation or hyperventilation,
2) renal alteration of the HCO3- or H+.
A primary metabolic acidosis (decreased HCO3-) is compensated by
respiratory hyperventilation, thus reducing the PaCO2. Primary metabolic alkalosis
(increased HCO3-) is compensated by respiratory hypoventilation, thus increasing the
PaCO2.
The kidneys compensate for primary respiratory acidosis (increased PaO2) or
alkalosis (decreased PaO2) by retention or excretion of HCO3- or H+. Respiratory
acidosis is classified as acute if renal compensation has not yet occurred and the
HCO3- is still normal, when renal compensation has occurred and the HCO3- is
increased, it is classified as chronic.
The calculation of the anion gap determines if a metabolic acidosis is the result
of the retention of fixed acids associated with an increased anion gap. Anion gap
represents unmeasured anions because the sum of the plasma chloride plus
bicarbonate concentrations is less than the serum sodium concentration.

Metabolic acidosis
Metabolic acidosis (HCO3- deficit) is a systemic disorder characterised by a
primary decrease in the plasma bicarbonate concentration that result in a decrease of
the pH (increase in the H+). Respiratory compensation begins immediately to lower
the PaCO2.
Causes and pathogenesis
The basic causes are either gains of fixed (noncarbonic) acid, failure of the
kidneys to excrete the daily acid load, or a loss of base bicarbonate. The causes of
metabolic acidosis are commonly divided into two groups according to whether the
anion gap is normal or increased. In normal anion gap metabolic acidosis, bicarbonate
loss may occur via the gastrointestinal (GI) tract of kidneys. Diarrhea, small bowel
fistula, cause significant losses of bicarbonate, whereas renal reabsorbtion of
bicarbonate is decreased in proximal renal tubular acidosis. When bicarbonate is lost
from the body, reducing the serum HCO3- , the plasma Cl- rises in compensation
because the total number of anions and cations in the ECF must be equal to maintain
electro-neutrality. The result is hyperchloremic metabolic acidosis.
The most common condition associated with high anion gap metabolic
acidosis is shock or inadequate tissue perfusion from any resulting in the
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accumulation of large amounts of lactic acid. Diabetic ketoacidosis, starvation, and
ethanol intoxication cause elevation of the anion gap due to the formation of
ketoacids, renal failure causes such elevation by the retention of sulphuric and
phosphoric acids.
Compensatory response to acid load in metabolic acidosis
The immediate response to the H+ load in metabolic acidosis is ECF
buffering by bicarbonate, thus reducing the plasma HCO3-. Excess H+ also enters the
cells and is buffered by proteins and phosphates. To maintain electroneutrality, the
entry of H+ into cells is accompanied by movement of K+ out of the cells into the
ECF.
The second mechanism activated within minutes in metabolic acidosis is
respiratory compensation. The increased arterial H+ stimulates chemoreceptors in the
carotid bodies, which in turn stimulate increased alveolar ventilation.
The renal compensatory is slower and may require several days. This takes
place by several mechanisms. Excess H+ is secreted into the tubule and excreted as
NH4+ or as titratable acid (H3PO4).
Clinical features and diagnosis
Patient may be asymptomatic unless the serum HCO3- falls below 15 mEq/l.
The major signs and symptoms of metabolic acidosis are manifested as abnormalities
in cardiovascular, neurologic, and bone function. If the pH is less than 7.1, there is a
reduction of cardiac contractility and the inotropic response to catecholamines.
Peripheral vasodilatation may be present. Neurologic symptoms range from lethargy
to coma. Nausea and vomiting may be present. The buffering of H+ by bone
bicarbonates in the metabolic acidosis of chronic renal failure retards growth in
children and may lead to a variety of bone disorders (renal osteodystrophy).

Metabolic alkalosis
Metabolic alkalosis (HCO3- excess) is a systemic disorder characterised by a
primary increase in the plasma bicarbonate concentration, resulting in an increase in
the pH. Respiratory compensation consists of raising the PaCO2 by hypoventilation;
however, the degree of hypoventilation is limited because respiration continues to be
driven by hypoxia.
Causes and pathogenesis
Common causes of metabolic alkalosis are net loss of H+ (and chloride ions)
or excess retention of HCO3-. HCl may be lost from the GIT tract, as in prolonged
vomiting or nasogastric suction, or in the urine because of the administration of loop
or thiazide diuretics. The depletion of chlorides is crucial, both in the generation and
the maintenance of hypochloremic metabolic alkalosis. Cl- and HCO3- have a
reciprocal relationship: a decrease in Cl- results in an increase in HCO3, the purpose is
to maintain ECF electroneutrality. Metabolic alkalosis is commonly initiated by
vomiting with the consequent loss of fluids rich in chlorides. KCl and NaCl and water
are lost as well. The result is an increase in the serum HCO3-, potassium depletion,
and fluid volume depletion.
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The immediate compensatory response to metabolic alkalosis is intracellular
buffering. H+ exits the cells to buffer the excess ECF HCO3-. K+ moves into cells in
exchange for the H+. The increased pH is sensed by the chemoreceptors in the carotid
bodies, which in turn cause a reflex decrease in alveolar ventilation. The degree of
hypoventilation and rise in the PaCO2 is limited by the need for oxygen. The final renal
correction of metabolic alkalosis requires the excretion of the excess HCO3-.
Chloride depletion plays the major role in preventing the renal excretion of
HCO3-. Fluid volume depletion stimulates the renin-angiotensin-aldosterone
mechanism. Aldosterone causes increased Na+ and water reabsorption in an effort to
restore the ECF volume. Protection of the ECF volume takes precedence over
correction of the alkalosis, as this would require the excretion of Na+ along with
HCO3-. When there is Cl- is available to absorb with Na+, so that more Na+ is
reabsorbed in exchange for H+, both in the proximal and distal tubule.
In summary, Cl- depletion, fluid volume depletion, hyperaldosteronism, and
+
K depletion all contribute to the maintenance of metabolic alkalosis.
Clinical features and diagnosis
There are no specific signs and symptoms in metabolic alkalosis. Signs and
symptoms of hypokalemia and fluid volume deficit, such as muscle crams and
weakness may be present. Severe alkalemia can cause cardiac dysrhythmias.
Occasionally tetany may occur in a patient if the serum Ca++ is bordeline low
and the alkalosis has developed rapidly. Ca++ is more closely bound to albumin in an
alkaline pH, and the drop in ionised Ca++ may be sufficient to produce tetany or a
seizure.

Respiratory acidosis
Respiratory acidosis is characterised by a primary rise in the PaCO2, resulting
in a decrease of the pH. Renal compensation results in a variable increase in the serum
HCO3-.
Causes and pathogenesis
The fundamental cause of respiratory acidosis is alveolar hypoventilation. CO2
accumulation is nearly always caused by impairment of the rate of alveolar
ventilation.
Acute respiratory acidosis usually stems from acute airway obstruction as in
laryngospasm, foreign body aspiration, or central nervous system (CNS) depression.
In severe acute respiratory acidosis, the resulting respiratory acidosis is worsened by
an accompanying metabolic acidosis from the rapid accumulation of lactic acid
produced during cellular anaerobic glycolysis. Other causes of acute respiratory
acidosis include disorders of the respiratory muscles of chest wall injury.
The most common cause of chronic respiratory acidosis by far is chronic
obstructive pulmonary disease (COPD). In such patients, acute respiratory failure is
often superimposed on chronic CO2 retention when they develop an acute bronchitis
secondary to a viral or bacterial lung infection. Kyphoscoliosis, the pickwickian
syndrome, and sleep pane are other causes of chronic respiratory acidosis.
The arterial pH and plasma HCO3- are different in acute and chronic
respiratory acidosis. In response to acute respiratory acidosis, only the cellular
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buffering defence has time to be used because the renal compensatory mechanism will
not be significant for 12 or 24 hours. Thus, acute respiratory acidosis is poorly
compensated and the pH is seriously reduced. Chronic respiratory acidosis is well
compensated because the renal compensatory mechanism has had time to become
operational. The kidneys increase secretion and excretion of H+, accompanied by the
resorption and generation of new HCO3-.
Clinical features and diagnosis
Because both acute and chronic respiratory acidosis are always accompanied
by hypoxemia, it is the hypoxemia itself that is responsible for many of the clinical
characteristics of CO2 retention.
An acute rise in the PaCO2 to 60 mm Hg or above results in somnolence, mental
confusion, stupor, and eventually coma.
Because CO2 retention causes cerebral vasodilatation, it increased intracranial
pressure. Chronic respiratory acidosis appears to be tolerated much better than acute
respiratory acidosis.

Respiratory alkalosis
It is characterised by a primary decrease in the PaCO2 (hypocapnia), resulting
in an increase in the pH. Renal compensation consists of decreased excretion of H+
and consequently less absorption of HCO3-.
Cause and pathogenesis
The fundamental cause is alveolar hyperventilation. Hyperventilation can
only be positively identified by a decreased PaCO2.
Respiratory alkalosis may occur as a result of stimulation of the medullary
respiratory centre:
1. The most common cause is anxiety and emotional stress (hyperventilation
syndrome or psychogenic hyperventilation). Stressful life situation, both within a
hospital environment (such as pain, awaiting a potential diagnosis of a
malignancy) and in the community are common.
2. Other conditions include hypermetabolic conditions caused by fever or
thyreotoxicosis and CNS lesions.
3. Hypoxia is a common cause of primary hyperventilation in association with
pneumonia, pulmonary edema or fibrosis, or congestive heart failure.
The immediate response to an acute reduction in the PaCO2 is intracellular
buffering. H+ is released from the intracellular tissue buffers, which minimises the
alkalosis by lowering the plasma HCO3-. When hypocapnia is sustained, renal
adjustments yield a much larger decrement in plasma HCO3-. Renal tubular
reabsorption and generation of new HCO3- is inhibited.
Clinical features and diagnosis
When symptoms are referable to respiration, the complaint is usually „unable
to get enough air“ of „unable to catch my breath“, despite the fact that unimpaired
overbreathing is taking place. Other prominent symptom include circumoral
paresthesias, numbness and tingling of the fingers and toes, and if alkalosis is
sufficiently severe, manifestations of tetany such as carpopedal spasm. Severe
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respiratory alkalosis may be associated with inability to concentrate, mental
confusion, and syncope.
Not only does alkalosis shift the oxyhemoglobin dissociation curve to the left,
but it also reduces cerebral blood flow. Both of these mechanisms may induce
cerebral hypoxia.

Mixed acid-base disorders
Mixed acid-base disorders are conditions in which one or more of the simpler
acid-base disturbances coexist. The individual components of mixed acid-base
imbalances may have either additive or offsetting effects on the plasma acidity so that
the resulting change in pH may be profoundly severe or deceptively mild.
Metabolic acidosis and respiratory acidosis
The most common situation is untreated cardiopulmonary arrest. The rapid
accumulation of CO2, and the tissue hypoxia from lack of oxygenation.
Another example is a person with COPD (chronic respiratory acidosis) who
goes into shock (metabolic acidosis). A third example is a patient with chronic renal
failure (metabolic acidosis) complicated by respiratory insufficiency secondary to
fluid overload and pulmonary edema. In each of these examples, the respiratory
disorder prevents a compensatory fall in the PaCO2 for metabolic acidosis, and the
metabolic disorder prevent buffering and renal mechanisms from raising the HCO3- in
defence of the respiratory acidosis. Consequently, an increased PaCO2, and a decreased
HCO3-, with profound drop in the plasma pH.
Metabolic alkalosis and respiratory alkalosis
Is one of the most common mixed acid-base disorders. A common clinical
example is a person with COPD (compensated respiratory acidosis with increased
HCO3-) who is hyperventilated on a respirator. The respiratory acidosis is thus rapidly
converted to a respiratory alkalosis, which combines with the metabolic alkalosis
produced by the original compensatory rise in HCO3-.
Metabolic acidosis and respiratory alkalosis
Primary respiratory alkalosis can coexist with various types of metabolic
acidosis. It occurs commonly with lactic acidosis complicating septic shock.
Metabolic alkalosis and respiratory acidosis
This mixed disorder is quite common and occurs most often when patients
with COPD (chronic respiratory acidosis) are treated with potent diuretics or have
other conditions causing metabolic alkalosis, such as vomiting.
Other mixed acid-base disturbances
Acute-or-chronic respiratory acidosis. Common precipitating factors are
intercurrent pulmonary infection or administration of sedative in a patient with
COPD. This situation causes a marked acute rise in the PaCO2, and seriously low pH.
PaCO2 levels above 70 mm Hg may depress respiration and cause stupor, coma (CO2
narcosis) and hypoxemia.
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PATHOPHYSIOLOGY OF PAIN
J. Hanáček

Alteration in sensory function may involve dysfunction of the general or
special senses. Dysfunctions of the general senses include chronic pain, abnormal
temperature regulation, tactile dysfunction and others.
Definitions of pain
Pain is a complex unpleasant phenomenon composed of sensory experiences
that include time, space, intensity, emotion, cognition, and motivation. Pain is an
unpleasant or emotional experience originating in real or potential damaged tissue.
Pain is an unpleasant phenomenon that is uniquely experienced by each individual; it
cannot be adequately defined, identified, or measured by an observer.
The experience of pain
Three systems interact usually to produce pain:
1. sensory - discriminative system
2. motivational - affective system
3. cognitive - evaluative system
Sensory - discriminative system processes information about the strength,
intensity, and temporal and spatial aspects of pain.
Motivational - affective system determines the individual´s approachavoidance behaviours.
Cognitive - evaluative system overlies the individuals learned behaviour
concerning the experience of pain. This system may block, modulate, or enhance the
perception of pain.
Pain categories
1. Somatogenic pain is pain with cause (usually known)
2. Psychogenic pain is pain for which there is no known physical cause
Acute and chronic pain
Acute pain is a protective mechanism that alerts the individual to a condition
or experience that is immediately harmful to the body.
a) Onset - usually sudden.
b) Relief - after the chemical mediators that stimulate the nociceptors are removed.
This type of pain mobilises the individual to prompt action to relief it.
c) Stimulation of autonomic nervous system can be observed during this type of pain
(mydriasis, tachycardia, tachypnoe, sweating, vasoconstriction).
Chronic pain is persistent, usually defined as lasting at least 6 months.
a) The cause is often unknown, often develops insidiously, and very often is
associated with a sense of hopelessness and helplessness. Depression often results.
Pain threshold and pain tolerance
The pain threshold is the point at which a stimulus is perceived as pain. It
does not vary significantly among people or in the same person over time. Intense
pain at one location may cause an increase in the pain threshold in another location.
This phenomenon is called perceptual dominance.
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The pain tolerance is the duration of time or the intensity of pain that an
individual will endure before initiation overt pain responses.
It is influenced by:
- persons cultural prescriptions
- expectations
- role behaviours
- physical and mental health
It is generally decreased with repeated exposure to pain, by fatigue, anger,
boredom, apprehension, and sleep deprivation.
Tolerance to pain may be increased by alcohol consumption, medication,
hypnosis, warmth, distracting activities, and strong beliefs or faith. Pain tolerance
varies greatly among people and in the same person over time. A decrease in pain
tolerance is also evident in the elderly, and women appear to be more sensitive to
pain than men.
Age and perception of pain
Children and the elderly may experience or express pain differently than
adults. Infants in the first 1 to 2 days of life are less sensitive to pain (or they simply
lack the ability to verbalise the pain experience). A full behavioural response to pain
is apparent at 3 to 12 month of life. Older children, between the ages of 15 and 18
years, tend to have a lower pain threshold than do adults.
Pain threshold tends to increase with ageing. This change is probably caused
by peripheral neuropathies and changes in the thickness of the skin.
Neuroanatomy of pain
The portions of the nervous system responsible for the sensation and
perception of pain may be divided into three areas:
1. afferent pathways
2. CNS
3. efferent pathways
The afferent portion is composed of:
a) nociceptors (pain receptors)
b) afferent nerves
c) spinal cord network
Afferent pathways terminate in the dorsal horn of the spinal cord (1. afferent
neuron). Second neuron creates spinal part of afferent system.
The portion of CNS involved in the interpretation of the pain signals are the
limbic system, reticular formation, thalamus, hypothalamus and cortex. The efferent
pathways, composed of the fibres connecting the reticular formation, midbrain, and
substantia gelatinosa, are responsible for modulating pain sensation. Other efferent
pathways are responsible for different kinds of reactions to painful stimuli.
The brain first perceives the sensation of pain.
The thalamus, cortex, and post-central gyrus:
perceiving
describing of pain
localising
Parts of thalamus, brainstem and reticular formation:
identify dull longer-lasting, and diffuse pain
The reticular formation and limbic system:
control the emotional and affective response to pain
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Because the cortex, thalamus and brainstem are interconnected with the
hypothalamus and autonomic nervous system, the perception of pain is associated
with an autonomic response.

The role of the afferent and efferent pathways
Nociceptors
Ends of small unmyelinated and lightly myelinated afferent neurons. They are
stimulated by chemical, mechanical and thermal stimuli.
mild stimulation
 positive, pleasurable sensation (e.g. tickling)
strong stimulation
 pain
This diferences are a result of the frequency and amplitude of the afferent
signal from the nerve endings.
Location of nociceptors:
- in muscles, tendons, subcutanous tissue, and epidermis
- they are not evenly distributed in the body (in skin more then in internal
structures)
Afferent pathways
Stimulation of nociceptors produce impulses that are transmitted through
small A-delta fibres and C fibres to the spinal cord, where they form synapses with
neurons in the dorsal horn. From the dorsal horn the nociceptive impulses are
transmitted to higher parts of the spinal cord and to the rest of the central nervous
system.
The small unmyelinated C neurons are responsible for the transmission of
diffuse burning or aching sensations. Transmission through the larger, myelinated A
fibres occurs much more quickly. A fibres carry well - localised, sharp pain
sensations.
Efferent pathways from CNS to medulla - efferent analgetic system
They are responsible for modulation or inhibition of afferent pain signals.
Afferent stimulation of the periaqueductal gray (PAG) (gray matter surrounding the
cerebral aqueduct) in the mid brain results in stimulation of efferent pathways.
Efferent neurons located in PAG form synapses in the medulla. From there the
impulse is transmitted through the spinal cord to the dorsal horn. These impulses
inhibit or block transmission of nociceptive signals at the level of dorsal horn.
The role of the spinal cord
Most afferent pain fibres terminate in the dorsal horn of the spinal segment
that they enter. Some, however, extend toward the head or the foot for several
segments before terminating. The A fibres terminate in the substantia gelatinosa
(Rolandi); some large A-delta fibres and small C fibres terminate in the laminae of
dorsal horn.
The laminae than transmit specific information (about burned or crushed skin,
about gentle pressure) to 2nd afferent neuron.
Secondary neurons transmit the impulse from the substantia gelatinosa and
laminae through the ventral and lateral horn, crossing in the same or adjacent spinal
segment, to the other side of the cord. From there the impulse is carried through the
spinothalamic tract to the brain. The two divisions of spinothalamic tract are known:
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1. the neospinothalamic tract - it carries information to the mid brain, post central
gyrus (where pain is perceived) and cortex
2. the paleospinothalamic tract - it carries information to the reticular formation,
pons, limbic system, and mid brain (more synapses to different structures of brain)
Neurophysiology of pain
Nociceptors around the body respond to various "painful" stimuli. These
stimuli produce or are produced by tissue damage. Damaged tissues release a lot of
mediators (enzymes) that provoke the releasing bradykinin, histamine, and
prostaglandins. These substances irritate adjacent nociceptors.
Theory of pain production
Most rational theory of pain is gate control theory (created by Melzack and
Wall in 1965). According to this theory, nociceptive impulses are transmitted to the
spinal cord through large A and small C fibres. These fibres terminate in the
substantia gelatinosa (SG). The cells in this structure function as a gate, regulating
transmission of impulses to CNS.
Stimulation of larger fibres causes the cells in SG to "close the gate". A
closed gate decreases stimulation of trigger cells (T-cells), decreases transmission of
impulses, and diminishes pain perception.
Small fibre input inhibits cells in SG and "open the gate". An open gate
increases the stimulation of T-cells, increases transmission of impulses, and enhances
pain perception. In addition to gate control through large and small fibres stimulation,
the central nervous system, through efferent pathways, may close, partially close, or
open gate. Cognitive functioning may thus modulate pain perception.
Neuromodulation of pain
Group of naturally occurring chemicals called endorphins (endogenous
morphines) inhibit transmission of the pain impulse. Endorphines (ED) are present in
varying concentrations in neurons in the brain, spinal cord, GIT. ED in the brain is
released in response to afferent noxious stimuli. ED in the spinal cord is released as
response to efferent impulses.
The main groups of ED are:
1. -lipotrophin - in hypothalamus and pituitary gland; Effect: general sensation of
well-being
2. enkephalin - in the brain and spinal cord
3. dynorphin - originates in the neural lobe of the pituitary gland
All ED act by attaching to opiate receptors on the plasma membrane of the
afferent neuron. The result than is inhibition of releasing of the neurotransmitter, thus
blocking the transmission of the painful stimulus.

Clinical manifestation of pain
Acute pain
We can distinguishe tree types of acute pain:
1. Somatic
2. Visceral
3. 3. Referred
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Somatic pain is superficial coming from the skin or close to the surface of the
body).
Visceral pain refers to pain in internal organs, the abdomen, or skeleton.
Referred pain is pain that is present in an area removed or distant from its
point of origin. The area of referred pain is supplied by the nerves from the same
spinal segment as the actual site of pain.
Responses to acute pain
- increased heart rate
- increased respiratory rate
- elevated blood pressure
- pallor or flushing
- dilated pupils
- diaphoresis
-  blood sugar
-  gastric acid secretion
-  gastric motility
-  blood flow to the viscera and skin
- nausea occasionally occurs
Psychological and behavioural response to acute pain:
- fear
- anxiety
- general sense of unpleasantness of unease

Chronic pain
Chronic pain is prolonged pain that may be:
1. persistent
2. intermittent
Intermittent pain produces a physiologic response similar to acute pain.
Persistent pain allows for adaptation (functions of the body are normal but
the pain is not relieved).
Chronic pain produces significant behavioural and psychological changes.
The main changes are:
- depression
- sleeping disorders
- preoccupation with the pain
- an attempt to keep pain-related behaviour to a minimum
- tendency to deny pain
The most common chronic pain
1. Persistent low back pain - result of poor muscle tone, inactivity, chronic muscle
strain.
2. Chronic pain associated with cancer.
3. Neuralgias - results from damages of peripheral nerves
a) Causalgia - severe burning pain appearing to 1 to 2 weeks after the nerve
injury associated with discoloration and changes in the texture of the skin in
the affected rea.
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b) Reflex sympathetic dystrophies occur after peripheral nerve injury and are
characterised by continuous severe burning pain. Vasomotor changes are
present (vasodilatation vasoconstriction  cool cyanotic and edematous
extremities).
4. Myofascial pain syndromes - second most common cause of chronic pain. These
conditions include: myositis, fibrositis, myalgia, muscle strain, injury to the
muscle and fascia. The pain is a result of muscle spasm, tenderness and stiffness.
5. Hemiagnosia - is a loss of ability to identify the source of pain on one side (the
affected side) of the body. Application of painful stimuli to the affected side thus
produces anxiety, moaning, agitation and distress but no attempt to withdrawal
from or push aside the offending stimulus. Emotional and autonomic responses to
the pain my be intensified. Hemiagnosia is associated with stroke that produces
paralysis and hypersensitivity to pain in the affected side.
6. Phantom limb pain - is pain that an individual feels in amputated limb.
Disturbances in pain perception and nociception
Most of the disturbances are congenital
1. Congenital analgesia - nociceptive stimuli are not processed and/or integrated at a
level of brain; patient does not feel a pain,
2. Congenital sensoric neuropathy - nociceptive stimuli are not transmitted by
peripheral nerves or by spinal afferent tracts.
Acquired disturbances in pain perception and nociception. They may occur at
syringomyely, disturbances of parietal lobe of brain, in patients suffering from
neuropathy (e.g. chronic diabetes mellitus).
Different types of chronic somatic pain
1. Nervous system intact
a) nociceptive pain
b) nociceptive - neurogenic pain (nerve trunk pain)
2. Permanent functional and/or morphological abnormalities of the nervous system
(preganglionic, spinal - supra spinal)
a) neurogenic pain
b) neuropathic pain
c) deafferentation pain

Pathophysiology of visceral pain
Types
Angina pectoris, myocardial infarction, acute pancreatitis, cephalic pain,
prostatic pain, nefrolytiatic pain.
Receptors
The question whether specific end organs that could be considered as
nociceptors are present in visceral organs is still debated.
For human pathophysiology the kinds of stimuli apt to induce pain in the
viscera are more important. It is well known that the stimuli likely to induce
cutaneous pain are not algogenic in the viscera. This explains why in the past the
viscera were considered to be insensitive to pain.
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Adequate stimuli of inducing visceral pain:
1. abnormal distension and contraction of the hollow viscera muscle walls
2. rapid stretching of the capsule of such solid visceral organs as the liver, spleen,
pancreas
3. abrupt anoxemia of visceral muscles
4. formation and accumulation of pain - producing substances
5. direct action of chemical stimuli (oesophagus, stomach)
6. traction or compression of ligaments and vessels
7. inflammatory processes
8. necrosis of some structures (myocardium, pancreas)
Characteristic feature of true visceral pain:
1. dull, deep, not well defined, and differently described by the patients
2. difficult to locate this type of pain because it tends to radiate
3. often accompanied by a sense of malaise
4. induces strong autonomic reflex phenomena (much more pronounced than in pain
of somatic origin) - diffuse sweating, vasomotor responses, changes of arterial
pressure and heart rate, and an intense psychic alarm reaction ("angor animi" - in
angina pectoris)
There are many visceral sensation that are unpleasant but below the level of
pain, e.g. feeling of disagreeable fullness or acidity of the stomach or undefined and
unpleasant thoracic or abdominal sensation. These visceral sensation may precede the
onset of visceral pain.
Refered visceral pain (transferred pain)
When an algogenic process affecting a viscus recurs frequently or becomes
more intense and prolonged, the location becomes more exact and the painfull
sensation is progressively felt in more superficial structures. Referred pain may be
accompanied by allodynia and cutaneous and muscular hyperalgesia.
Mechanisms: convergence of impulses from viscera and from the skin in the
CNS. Sensory impulses from the viscera create an irritable focus in the segment at
which they enter the spinal cord. Afferent impulses from the skin entering the same
segment is thereby facilitated, giving rise to true cutaneous pain.
Visceral afferent impulses activate anterior horn motor cells to produce
rigidity of the muscle (visceromotor reflexes). A similar activation of anterolateral
autonomic cells induces pyloerection, vasoconstriction, and other sympathetic
phenomena.
These mechanisms, which in modern terms can be defined as positive
sympathetic and motor feedback loops, are fundamental in referred pain. It is clear
that painful stimulation of visceral structures evokes a visceromuscular reflex, so that
some muscles contract and become a new source of pain.
It has been observed that the local anesthetic block of the sympathetic ganglia
led to the disappearance, or at least to a marked decrease, of referred pain, allodynia,
hyperalgesia.
In referred pain in humans, it is still a matter of conjecture how important an
antidromic activation of afferent fibres, with release of substance P and other
mediators in peripheral tissues, are.
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In some conditions, referred somatic pain is long-lasting, increases
progressively, and is accompanied by dystrophy of somatic structures.
Possible mechanisms: onset of self-maintaining vicious circle impulses:
peripheral tissue  afferent fibres
central nervous system
somatic and sympathetic efferent fibres
Intricate conditions - in some types of pain, e.g. angina pectoris is difficult to
distinguish the true cause of pain because this kind of pain may be related to cervical
osteoarthritis, esophageal hernia, or cholecystitis. It is diffcult to ascertain whether
these intricate conditions are due to a simple addition of impulses from different
sources in the CNS or to somatovisceral and viscerosomatic reflex mechanisms.
It has been demonstrated that the mnemonic process is facilitated if the
experience to be retained is repeated many times or is accompanied by pleasant or
unpleasant motions. Pain is, at least in part, a learned experience - e.g. during the first
renal colic, true parietal pain followed visceral pain after a variable interval. In
subsequent episodes of renal colic pain, parietal pain developed promptly and was not
preceded by true visceral pain. This phenomenon was probably due to the activation
of mnemonic traces.
Silent myocardial ischemia (SMI)
Chest pain is only a late and inconstant marker of episodes of transient
myocardial ischemia in vasospastic angina (30 %), in stable angina (50 %).
Mechanisms of silent ischemia:
a) Lack of the pain is, in part, related to the duration and severity of myocardial
ischemia. Episodes shorter than 3 min, and those accompanied by a modest
impairment of left ventricle ( in end-diastolic pressure inferior to 6 mm Hg) are
always painless. Longer and more severe episodes are accompanied by chest pain
in some instances but not in others.
b) Pacients with predominantly silent ischemia appear to have a generalised
defective perception of pain ( threshold and tolerance). Mechanism:  level of
circulating -endorphin (?)
Pathophysiology of muscle pain
Muscle pain - a part of somatic deep pain, it is common symptom in
rheumathology and sports medicine; - is disagreeable, rather diffuse and difficult to
locate.
Muscle pain is not a prominent feature of the serious progressive diseases
affecting muscle, e.g. the muscular dystrophies, denervation, or metabolic
myopathies, but it is a feature of rhabdomyolysis.
Muscles are relatively insensitive to pain when elicited by needle prick or
knife cut, but overlying fascia is exquisitely sensitive to pain.
Events, processes, which may lead to muscular pain, are:
- metabolic depletion ( ATP  muscular contracture)
- accumulation of unwanted metabolites (K+, bradykinin)
- deficiency of some enzymes
- mechanical events: eccentric contraction (contraction of muscle while it is
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lengthened) -  Pi in muscles
In occupational muscle pain, there is evidence of excessive activity of postural
muscles.
Neuropathic pain
It occurs as a result of injury to or dysfunction of the nervous system itself,
peripheral or central.
Deaferentation pain - form of neuropathic pain: a term implying that sensory
deficit in the painful area is a prominent feature (anesthesia dolorosa).
Allodynia - it is a puzzling phenomenon characterised by painful sensations
provoked by nonnoxious stimuli, e.g. touch, transmitted by fast conducting nerve
fibres. Mechanism: changes of the response characteristics of second - order spinal
neurons so that normally inactive or weak synaptic contact mediating nonnoxius
stimuli acquire the capability to activate a neuron that normally responds only to
impulses signaling pain.
After discharge - another characteristic of neuropathic pain, particularly when
due to injury to a peripheral nerve or nerve root; it is long-lasting unpleasant or
painful sensation to a transient noxious, or nonnoxious stimulus.
Peripheral neuralgias after trauma or surgery
Besides lumbosacral and cervical rhizotomy, peripheral neuralgia is the
common form of neuropathic pain.
Most peripheral neuralgias are the result of trauma or surgery. Such a
conditions does not necessary occur as a result of damaging a major nerve trunk but
may be caused by an incision involving only small nerve branches (incisional pain).
Mechanism: the pain is due to neuroma formation in the scar tissue (?)
Deaferentation pain following spinal cord injury
Incidence of severe pain due to spinal cord and cauda equina lesions ranges
from 35 to 92 % of patients. This pain is ascribed to four causes:
1. mechanically induced pain (fracture, bones, myofascial pain)
2. radicular pain (compression of nerve root)
3. central pain (deaferentation mechanism)
4. visceral pain (disturbances of the function of viscera - distension of viscera,
urinary retention).
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PATHOPHYSIOLOGY OF CIRCULATORY SHOCK
M. Tatár

Circulatory shock is a complex clinical syndrome encompassing a group of
conditions with variable hemodynamic manifestations. The common denominator is
generalised inadequacy of blood flow throughout the body. This state of
hypoperfusion compromises the delivery of oxygen and nutrients and the removal of
metabolites at the tissue level. Tissue hypoxia shifts metabolism from oxidative
pathways to anaerobic pathways with a consequent production of lactic acid.

Etiology
Shock can result from a variety of conditions: cardiogenic mechanisms,
obstructive mechanisms, alterations in circulatory volume, and alterations in
circulatory distribution.
Cardiogenic shock
1. Secondary to brady- or tachy-dysrhythmias
2. Secondary to cardiac mechanical factors
a) Regurgitant lesions
- acute mitral or aortic regurgitation
- rupture of interventricular septum
b) Obstructive lesions
- ventricular outflow tract obstruction: valvular stenosis
- ventricular inflow tract obstruction: valvular stenosis
3. Myopathic
a) Impairment of ventricular contractility: acute myocardial infarction
b) Impairment of ventricular relaxation: cardiomyophaties
Obstructive shock (caused by factors extrinsic to cardiac valves and myocardium)
1. Pericardial tamponade
2. Coarctation of aorta
3. Pulmonary embolism
Oligemic shock
1. Haemorrhage
2. Fluid depletion or sequestration: vomiting, diarrhoea, dehydration, diabetes
mellitus, diabetes insipidus, burns, ascites
Distributive shock
1. Septicaemia
a) Endotoxic
b) Secondary to specific infection
2. Anaphylactic
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Pathogenesis of circulatory shock
Shock usually results from inadequate cardiac output (CO). Therefore, any
factor that reduces the CO will likely lead to circulatory shock. Basically, two types of
factors can severely reduce the CO:
1. Cardiac abnormalities that decrease the ability of the heart to pump blood.. These
include especially myocardial infarction (MI) but also toxic states of the heart,
severe heart valve dysfunction, heart arrhythmias, and other conditions. The
circulatory shock than results from diminished cardiac pumping ability is called
cardiogenic shock.
2. Factors that decrease the venous return. The most common cause of this is
diminished blood volume, but venous return also can be reduced as a result of
decreased vasomotor tone or obstruction to blood flow at some point in the
circulation, especially in the venous return pathway to the heart.
What happens to the arterial pressure (BP) in circulatory shock?
In the minds of many physician, the BP is the principal measure of the
adequacy of circulatory function. However, the BP often can be seriously misleading
because many times a person may be in severe shock and still have almost a normal
pressure because powerful nervous reflexes often keep the pressure from falling. Yet
at other times the pressure can fall to as low as onehalf normal, but the person still has
normal tissue perfusion and is not in shock.
Nevertheless, it is true that in most types of shock, especially that caused by
severe blood loss, the arterial BP usually does decrease at the same time that the CO
decreases, though usually not as much as the decrease in output.
The end - stages of circulatory shock, whatever the cause
Once circulatory shock reaches a critical state of severity, regardless of its
initiating cause, the shock itself breeds more shock. That is, the inadequate blood flow
causes the circulatory system itself to begin to deteriorate. This in turn causes even
more decrease in CO, and a vicious circle ensues, with progressively increasing
circulatory shock, still less adequate tissue perfusion, still more shock, and so forth
until death.

The stages of shock
Because the characteristics of circulatory shock change at different degrees of
severity, shock is generally divided into three major stages:
1. A nonprogressive stage (sometimes called the compensated stage), from which
the normal circulatory compensatory mechanisms will eventually cause full
recovery without any help from outside therapy.
2. A progressive stage, in which the shock becomes steadily worse until death.
3. An irreversible stage, in which the shock has progressed to such an extent that all
forms of known therapy will be inadequate to save the life of the person. The
different stages of circulatory shock caused by decreased blood volume will be
discussed.
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Shock caused by hypovolemia - hemorrhagic shock
Haemorrhage is the most common cause of hypovolemic shock. It decreases
the degree of filling of all the blood vessels in the body and as a consequence
decreases venous return. As a result, the CO falls below normal, and shock ensues.
Relationship of bleeding volume to CO and arterial BP
Approximately 10 per cent of the total blood volume can be removed without
the significant effect on either BP or CO, but greater blood loss usually diminishes the
CO first and later the pressure, both of these falling to zero when about 35 to 45 % of
the total blood volume has been removed.
The decrease in BP as well as decrease in pressures in the low pressure areas
of the thorax following haemorrhage initiates powerful sympathetic reflexes. These
reflexes stimulate the sympathetic vasoconstrictor system throughout the body,
resulting in three important effects:
1. The arterioles constrict in most parts of the body, thereby greatly increasing the
total peripheral resistance.
2. The veins and venous reservoirs constrict, thereby helping to maintain adequate
venous return despite diminished blood volume.
3. Heart activity increases markedly, sometimes increasing the heart rate from the
normal value of 72 beats per minute to as much as 170 to 200 beats per minute.
Value of the reflexes. In the absence of the sympathetic reflexes, only 15 to
20 % of the blood volume can be removed over a period of half an hour before a
person will die; this is in contrast to a 30 to 40 % loss of blood volume that a person
can sustain when the reflexes are intact.
Protection of coronary and cerebral blood flow by the reflexes. A special
value of the maintenance of normal BP even in the face of decreasing CO is
protection of blood flow through the coronary and cerebral circulatory systems.
Sympathetic stimulation does not cause significant constriction of either the cerebral
or the cardiac vessels. In addition, in both these vascular beds local autoregulation is
excellent, which prevents moderate decreases in BP from significantly affecting their
blood flows. Therefore, blood flow through the heart and brain is maintained
essentially at normal levels as long as the BP does not fall below about 70 mmHg,
despite the fact that blood flow in many other areas of the body might be decreased
because of vasospasm.

Nonprogressive shock - compensated shock
If shock is not too severe, the person eventually recovers. The sympathetic
reflexes and other factors have compensated enough to prevent further deterioration of
the circulation.
The factors that cause a person to recover from moderate degrees of shock are
all the negative feedback control mechanisms of the circulation that attempt to return
CO and BP to normal levels. These include:
1. The baroreceptor reflexes, which elicit powerful sympathetic stimulation of the
circulation.
2. The central nervous system ischemic response, which elicit even more powerful
sympathetic stimulation throughout the body but is not activated significantly until
the BP falls below 50 mmHg.
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3. Formation of angiotensin, which constricts the peripheral arteries and causes
increased conservation of water and salt by the kidneys.
4. Formation of vasopressin (antidiuretic hormone), which constricts the peripheral
arteries and veins and also greatly increases water retention by the kidneys.
5. Compensation mechanisms that return the blood volume back toward normal,
including absorption of large quantities of fluid from the intestinal tract,
absorption of fluid from the interstitial spaces of the body, and increased thirst.

Progressive shock - the vicious circle of cardiovascular deterioration
Once shock has become severe enough, the structures of the circulatory
system themselves begin to deteriorate, and various types of positive feedback
develop that can cause a vicious circle of progressively decreasing CO. Among the
most important of these are the following:
1. Cardiac depression. When the BP falls low enough, coronary blood flow
decreases below that required for adequate nutrition of the myocardium itself.
This obviously weakens the heart and thereby decreases the CO still more.
2. Vasomotor failure. In the early stages of shock, various circulatory reflexes cause
intense activity of the sympathetic nervous system. However, there comes a point
at which diminished blood flow to the vasomotor center itself so depresses the
center that it becomes progressively less active and finally totally inactive.
3. Release of toxins by ischemic tissues. Shock causes tissues to release toxic
substances, such as histamine, serotonin, tissue enzymes, and so forth, that then
cause further deterioration of the circulatory system.
4. Endotoxin. Endotoxin is a toxin released from the bodies of death gram-negative
bacteria in the intestines . Diminished blood flow to the intestines causes enhanced
formation and absorption of this toxic substance, and it then causes:
a) extensive vascular dilatation,
b) greatly increased cellular metabolism despite the inadequate nutrition of
the cells, and
c) cardiac depression.
This toxin can play a major role in some types of shock, especially septic
shock.
5. Generalised cellular deterioration. As shock becomes very severe, many signs
of generalised cellular deterioration occur through the body:
a) Active transport of sodium and potassium through the cell membrane is
greatly diminished; potassium is lost from the cells.
b) Mitochondrial activity in the liver becomes severely depressed.
c) Lysosomes begin to split with intracellular release of hydrolases that cause
further intracellular deterioration.
d) Cellular metabolism of nutrients, such as glucose, eventually becomes
greatly depressed in the last stages of shock.
Obviously, all these effects contribute to further deterioration of many
different organs of the body, including especially the liver, with depression of its
many metabolic and detoxification functions, the lungs with eventual development of
pulmonary edema and poor ability to oxygenate the blood, the heart, thereby further
depressing the contractility of the heart.
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Irreversible shock
After shock has progressed to a certain stage, transfusion or any other type of
therapy becomes incapable of saving the life of the person. Ironically, even in this
irreversible stage, therapy can on occasion still return the BP and even the CO to
normal for short periods of time, but the circulatory system nevertheless continues to
deteriorate, and death ensues in another few minutes to a few hours. The reason for
this is that, so much tissue damage has occurred, so many destructive enzymes have
been released into the body fluids, and so many other destructive factors are now in
progress that even a normal CO cannot reverse the continuing deterioration.
Toxic substances absorbed when there is ischemia of the bowel, as well as
progressive acidosis, can reduce the reactivity of vascular smooth muscle to
catecholamines. This loss of vascular reactivity tends to result in sequestering of
blood in the peripheral circulation. In addition, ischemia of the capillaries causes
increased permeability, with reversal of fluid transfer (loss of intravascular fluid).
The intense acidosis and metabolic products from ischemic tissues may lead to
thrombosis of small blood vessels.
Hypovolemic shock caused by plasma loss
Loss of plasma from the circulatory system, can sometimes be severe enough
to reduce the total blood volume markedly, in this way causing typical hypovolemic
shock. Severe plasma loss occurs especially in the following conditions:
1. Intestinal obstruction, distension of the intestine causes fluid to leak from the
intestinal capillaries into the intestinal walls and intestinal lumen.
2. In patients who have severe burns or other denuding conditions of the skin , so
much plasma almost always is lost through the exposed areas.

Cardiogenic shock
This type of shock is characterised by left ventricular dysfunction, leading to
severe impairment of tissue perfusion and oxygen delivery to the tissues. Cardiogenic
shock caused by acute MI is typically associated with a loss of 40% or more of the left
ventricular myocardium.
As a result of the infarction process, left ventricular contractility and
performance may be severely impaired. The left ventricle fails as a pump and does not
provide adequate CO to maintain tissue perfusion. A self-perpetuating cycle then
ensues. The cycle begins with the infarction and subsequent myocardial dysfunction.
Profound myocardial dysfunction leads to reduced CO and the arterial hypotension.
Metabolic acidosis and reduced coronary perfusion result, further impairing
ventricular function and predisposing to the development of dysrhythmias.

Septic shock
The condition that was formerly known by the popular name "blood
poisoning" is now called septic shock. This simply means widely disseminated
infection to many areas of the body, and causing extensive damage. There are many
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different varieties of septic shock because of the many different types of bacterial
infection. Septic shock causes patient death in the modern hospital more frequently
than any other kind of shock
Some of the typical causes of septic shock include:
1. Peritonitis caused by spread of infection from the uterus and fallopian tubes, and
from rupture of the gut.
2. Generalised gangrenous infection resulting specifically from gas gangrene
bacilli.
3. Infection spreading into the blood from the kidney or urinary tract.

Special features of septic shock
Because of the multiple types of septic shock, it is difficult to categorise this
condition. However, some features are:
1. High fever.
2. Marked vasodilatation throughout the body, especially in the infected tissues.
3. High CO in perhaps half of the patients, caused by vasodilatation in the infected
tissues and also by high metabolic rate and vasodilatation elsewhere in the body.
4. Development of microclots in widespread areas of the body a condition called
disseminated intravascular coagulation. This causes the clotting factors to be
used up so that haemorrhages occur into many tissues, especially into the gut wall.
In the early stages of septic shock, the patient usually does not have signs of
circulatory collapse. However as the infection becomes more severe, the circulatory
system usually becomes involved either directly or as a secondary results of toxin
from the bacteria, and there finally comes a point at which deterioration of the
circulation becomes progressive in the same way that progression occur in all other
types of shock. Therefore, the end-stages of septic shock are not greatly different
from the end- stages of hemorrhagic shock, even though the initiating factors are
markedly different in the two conditions.
Endotoxin Shock
It frequently occurs when a large segment of the gut becomes strangulated and
loses most of its blood supply. The gut rapidly becomes gangrenous, and the bacteria
in the gut multiply rapidly. Most of these bacteria are so-called "gram negative"
bacteria, mainly colon bacilli, that contain a toxin called endotoxin.
On entering the circulation, endotoxin causes severe dilation of many or most
of the blood vessels of the body, often resulting in severe shock. Further compounding
the circulatory depression is a direct effect of endotoxin on the heart to decrease
myocardial contractility.

Effects of shock on the body
The systemic effects of shock state contribute to its eventual irreversibility.
Some organs are affected quickly and more profoundly than others.
The myocardium suffers deleterious effects early in the shock state. Because
of the anaerobic metabolism induced by the shock state ventricular contractility is
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further impaired. Hypoxia and acidosis inhibit energy production and contribute to
further destruction of myocardial cells.
Respiratory compromise develops secondary to the shock state. A potentially
lethal complications is profound respiratory failure. Pulmonary congestion and
intraalveolar edema lead to hypoxia and deterioration of arterial blood gases.
Atelectasis and pulmonary infection may also occur. These factors predispose to the
development of shock lung.
Reduced renal perfusion results in oliguria with a urine output generally less
than 20ml/hour. With prolonged, severe hypotension, acute tubular necrosis with
ensuing acute renal failure may result.
Shock of prolonged duration results in hepatic cellular dysfunction. Cellular
damage may be localised to isolated zones of hepatic necrosis, or massive hepatic
necrosis may occur with profound shock.
Prolonged ischemia of the GI tract typically results in hemorrhagic necrosis
of the bowel. Bowel injury exacerbate the shock state by sequestration of fluid in the
gut and by absorption of bacteria and endotoxins into the circulation.
Normally, cerebral blood flow displays the property of autoregulation of flow,
with dilation occurring in response to diminished flow or ischemia. During profound
periods of hypotension, symptoms of neurologic deficit may be observed.
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PATHOPHYSIOLOGY OF CARBOHYDRATES METABOLISM
J. Hanáček

Disturbances in carbohydrate resorbtion
1. Disaccharidase deficiency syndrome
Pathomechanism
a) Activity of disaccharidase is decreased  decreased hydrolysis of disaccharide
 decreased resorbtion of substrate  increased concentration of disaccharide in
small intestine lumen  increased osmotic activity of the lumen fluid 
diarrhoea.
b) Activity of disaccharidase is decreased  decreased hydrolysis of disaccharide 
decreased resorbtion of substrate  increased concentration of disaccharide in
small intestine lumen  increased concentration of disaccharide in large intestine
lumen  disaccharide is metabolised by bacteria fermentation  increased
concentration of lactic acid and fatty acids  stimulation of intestine wall
abdominal cramps, bloating, diarrhoea, acidic stools, explosive diarrhoea.
Lactase deficiency syndrome
Causes of lactase deficiency:
a) genetic defect
b) secondary to a wide variety of gastrointestinal diseases that damage the mucosa of
the small intestine
Disaccharide lactose is the principal carbohydrate in milk. Many persons
showing milk intolerance prove to be lactase - deficient. Primary lactase deficiency
incidence is as high as 80 % to 90 % among African - American, Asians, and Bantus
population. Milk intolerance may not become clinically apparent until adolescence.
Causes of secondary lactase deficiency: nontropical and tropical sprue,
regional enteritis, viral and bacterial infections of the intestinal tract, giardiasis, cystic
fibrosis, ulcerative colitis, kwashiorkor, coeliac disease.

2. Monosaccharides malabsorbtion
Small intestine ability to resorb glucose and galactose is decreased.
Cause: specific transport system for galactose and glucose absorption in cells
of small intestine is insufficient.
Results: symptoms and signs similar to disaccharidase deficiency syndrome.

3. Glycogenosis (glycogen storage disease)
Autosomal
recessive
disease
(inborn
errors
of
metabolism,
enzymopathy).There are defects in synthesis or degradation of glycogen. The
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disturbances result in storage of abnormal glycogen, or storage of abnormal amount of
glycogen in various organs of the body.
Examples: Hepatorenal glycogenosis (Morbus Gierke).
Cause: Deficit of glucose-6-fosfatase in liver and kidney.
Results: Hypoglycaemia in fasting individuals, hyperlipemia, ketonemia.

Diabetes mellitus
Regulation of the blood glucose level depends on liver:
1. extracting glucose
2. synthesising glycogen
3. performing glycogenolysis
To a lesser extent peripheral tissues (muscle and adipocytes) use glucose for
their energy needs, thus contributing to maintenance of normal blood glucose level.
The livers uptake and output of glucose and the use of glucose by peripheral
tissues depend on the physiologic balance of several hormones that:
1. lower blood glucose level – insulin
2. rise blood glucose level - glucagon, epinephrine, glucocorticoids, growth hormone
Definition of diabetes mellitus (DM)
DM is a chronic complex syndrome induced by absolute or relative deficit of
insulin, which is characterised by metabolic disorders of carbohydrates, lipids and
proteins.
The metabolic disturbances are accompanied by loss of carbohydrate
tolerance, fasting hyperglycaemia, ketoacidosis, decreased lipogenesis, increased
lipolysis, increased proteolysis and some other metabolic disorders.
New criteria for diagnose of DM
- Normal fasting value of plasmatic glucose concentration:  6.1 mmol/l
- Normal value of PGTT - 2 hours after beginning:  7.8 mmol/l
Three ways for diagnose DM:
1. classic symptoms and signs of DM are present (polyuria, polydipsia, weight loss),
plus increased day-time blood glucose concentration to 11.1 mmol/l and more
or
2. fasting glucose level is 7.0 mmol/l and more
or
3. value of PGTT is 11.1 mmol/l and more
Pozitivity each of the mentioned parameters have to be confirmed next day by
pozitivity any of the mentioned parameters.
Impaired fasting glucose:

 6.1 but  7.0 mmol/l

Impaired glucose tolerance: PGTT value is  7.8 mmol/l, but  11.1 mmol/l

Syndrome X (metabolic X syndrome)
It frequently occurs in people suffering form visceral obesity.
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Characteristic features:
- insulin resistance
- compensatory hyperinsulinemia
- visceral obesitydyslipidemia ( LDL,  TG,  HDL)
- systemic hypertension
Classification of DM
1. primary DM
a) Insulin - dependent type (IDDM), type I.
b) Non - insulin - dependent type (NIDDM), type II.
- Nonobese NIDDM
- Obese NIDDM
2. Secondary diabetes
3. Impaired glucose tolerance (IGT)
4. Gestational diabetes mellitus (GDM)

Etiopathogenesis of DM
1. IDDM
It is most typical in individuals under 30 years of age (juvenile DM). 80 % 90 % of beta cells in the islets of Langerhans are destroyed.
Possible mechanisms of beta cells destruction:
a) by islet cell antibodies of the IgG class,
b) genetic susceptibility (HLA-D and HLA-DR loci),
c) viral infection (coxsackie B4 virus, rubella) as a cause that triggers autoimmune
process.
Evidence suggests that type I. DM is caused by a gradual process of
autoimmune destruction of beta cells in genetically susceptive individuals.
- the result of beta cells destruction: almost no or absolute no functional insulin is
produced
- glucagon is present in relative excess
- individuals are prone to ketoacidosis
- insulin resistance is rare
- insulin dependent
2. NIDDM
- it is rare in populations not affected by urban modernisation
- adult onset (mostly after 40 years of age, slow, insidious onset)
- results from the action of several genes (inherited susceptibility), familial tendency
stronger than for type I.
- associated with long - duration obesity
- islet of Langerhans cells antibodies rare
- increased insulin resistance
- non-specific changes of islet cells
- usually not insulin dependent
- individuals are not ketosis prone (but they may form ketones under stress)
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Main symptoms and signs of DM and mechanisms of their onset
Hyperglycaemia
Relative or absolute deficiency of insulin effect   transport of glucose to
muscle and fat cells  glycemia.
 insulin effect  gluconeogenesis in liver  blood level of glucose
 glycogenolysis
Glycosuria
hyperglycaemia (8-15 mmol/l)  glycosuria
Polyuria
High blood level of glucose  increased amount of glucose filtered by the
glomeruli of the kidney  absorption capacity of renal tubules for glucose is
exceeded  glycosuria results, accompanied by large amounts of water lost in the
urine (osmotic effect of glucose).
Polydipsia
High blood level of glucose  water moves from cells to ECF (IVF) 
intracellular dehydration  stimulation of thirst in hypothalamus.
Polyphagia
Depletion of cellular stores of carbohydrates, fats, and proteins results in
cellular starvation and a corresponding increase in hunger.
Weight loss
Fluid loss in osmotic diuresis, loss of body tissue as fats and proteins are used
for energy.
Fatigue
Metabolic changes result in poor use of food products  lethargy and fatigue.

Complications of diabetes mellitus
1. Acute metabolic complications
2. Chronic complications (long-term vascular complications)

Acute complications
Hypoglycaemia
( 2.2 mmol/l of blood glucose) - results from:
1. exogenous causes
- overdose of insulin plus inadequate food intake, increase exercise
- overdose of oral hypoglycaemia agents
- alcohol
- other agents (e.g. salicylates)
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2. endogenous causes
- insulinoma (neoplasm of beta cells of islet of Langerhans)
- extrapancreatic neoplasm (hepatomas, tumor of GIT)
- inborn errors of metabolism (fructose intolerance
Symptoms and signs of hypoglycaemia:
- caused by epinephrine release (sweating, shakiness, headache, palpitation)
- and by lack of glucose in the brain (bizarre behaviour, dullness, coma).
Diabetic ketoacidosis
The most serious metabolic complication of DM. It develops when there is
severe insulin insufficiency. Insulin insufficiency triggers a complex metabolic
reactions which involve:
a) decreased glucose utilisation  hyperglycaemia and glycosuria,
b) acceleration of gluconeogenesis  hyperglycaemia,
c) decreased lipogenesis and increased lipolysis increase oxidation of free fatty
acids  production of ketone bodies (acetoacetate, hydroxybutyrate, and acetone)
 hyperketonemia  metabolic acidosis  coma.
Hyperosmolar hyperglycaemic nonketotic coma (hyperosmolar hyperglycaemic
syndrome)
a) Insulin is present to some degree  it inhibits fat breakdown  lack of ketosis.
b) Insulin is present to some degree  its effectivity is less than needed for effective
glucose transport  hyperglycaemia  glycosuria and polyuria  body fluids
depletion  intracellular dehydration  neurologic disturbances (stupor).

Chronic complications
Today, long-term survival of patient suffering from DM is the rule. As a
result, the problems of neuropathy, microvascular disease, and macrovascular disease
have become important.
Diabetic neuropathies
It is probably the most common complication in DM
Pathogenesis:
a) vascular damage
b) metabolic damage
c) non-enzymatic glycation of proteins
The earliest morphologic change: axonal degeneration preferentially involved
unmyelinated fibres (in spinal cord, the posterior root ganglia, peripheral nerves)
Functional consequences:
a) abnormalities in motor nerve function (in advanced stages of DM)
b) sensory nerve conduction is impaired
c) autonomic neuropathy (diabetic diarrhoea, orthostatic hypotension)
Possible mechanisms of diabetic neuropathy:
a) blood supply to nerves is decreased because of microvascular damage (vasa
nervorum may be damaged),
b) energy source for normal rest membrane potential maintain is insufficient,
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c) increased accumulation of sorbitol and fructose, decreased concentration of
myoinositol,
d) non-enzymatic glycation of protein.
Microvascular disease
Specific lesion of DM that affect capillaries and arterioles of the retina, renal
glomeruli, peripheral nerves, muscles and skin.
Characteristic lesion:
- thickening of the capillary basement membrane,
- increased accumulation of glycoprotein in wall of small arteries and
capillaries.
a) Retinopathy - it is the result of retinal ischemia caused by microangiopathy.
Pathologic processes involved in retinopathy occurrence:
- increased retinal capillary permeability, vein dilation
- microaneurism formation and haemorrhages
- narrowing of small arteries lumen
- neovascularization and fibrous tissue formation within the retina
- retinal scars formation  blindness
b) Nephropathy - it is the result of glomerular changes caused by DM.
Pathologic processes involved in nephropathy:
- glomerular enlargement diffuse intercapillary
- glomerular basement membrane thickening  glomerulosclerosis 
proteinuria
- hypertension often occurs
Macrovascular disease
Atherosclerotic lesion of larger arteries (coronary arteries, brain arteries,
peripheral arteries) - (in type II. DM)
Main biochemical disturbances leading to macrovascular disease:
- accumulation of sorbitol in the vascular intima
- hyperlipoproteinemia  vascular occlusion
- abnormality in blood coagulation
a) Coronary artery disease  myocardial infarction
b) Stroke
c) Peripheral vascular disease  gangrene and amputation (diabetic foot)
Infection
Individual with DM is at increased risk for infection throughout the body
Causes:
- senses disturbances (neuropathy, retinopathy)  decreasing the function
of early warning system  breaks in skin integrity
- tissue hypoxia (macro- and microangiopathy)
- increased level glucose in body fluids  pathogens are able to multiply
rapidly
- white blood cells supply to the tissue is decreased
- function of white blood cells is impaired
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Secondary diabetes mellitus
It develops in association with other diseases and syndromes.
Examples:
- chronic pancreatic disease
- Cushings syndrome (glucocorticoids secretion increased)
- acromegaly (STH secretion increased)
- primary insulin-receptor abnormalities

Impaired glucose tolerance (IGT)
Glucose tolerance test shows abnormal values but these patients are
asymptomatic and they do not meet the criteria for diagnosis of DM.
IGT criteria:
- fasting plasma glucose level can be normal
- 2 hours after glucose tolerance test is plasma glucose level higher than
normal (from 6.7 mmol/l to 10.0 mmol/l)
The individuals with IGT are asymptomatic, they are not considered to have
DM but are recognised as being at higher risk than the general population for the
development of DM (about 1.5 - 4.0 % of patients with IGT  DM).

Gestational DM
Glucose intolerance which onset for the first time during pregnancy.

Insuline resistance (IR)
IR is one of the mechanisms involved in pathogenesis of IGT and DM,
especially in type II DM.
Causes of insulin resistance:
1. autoimmune reactions
- development of anti-insulin antibodies
- development of anti-insulin receptor antibodies
2. defects in the insulin receptor at the cell surface
a) defect in receptor processing
b) decrease in receptor number
3. defective signal transduction (from the receptor to the plasma of cell)
4. postreceptor defect
5. increased concentration of antiinsulin hormones
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PATHOPHYSIOLOGY OF OBESITY
J. Hanáček

Physiologic remarks
Possible mechanisms involved in energy reserve control:
1. genetic influence is suggested
2. environmental influences - quantity and quality of the food available
3. particular set point for energy stores is suggested
4. control of appetite – hunger and satiety centres in hypothalamus
5. control of energy expenditure

Obesity
Definition
Obesity is heterogenous metabolic disorder with multiple etiologies
characterised by excessive body fat and overweight.
Principal pathomechanism
Calorie intake exceeds for a longer time the energy expenditure.
Overweight - body weight is higher then ideal. It can be caused by:
a) muscle mass increasing
b) water content increasing
c) body fat increasing - obesity

Evaluation of obesity
Simple methods:
body weight (kg)
Body mass index (BMI) = ---------------------height (in meters)2
normal BMI: 20 – 25
Broca-index = height (in cm) minus 100 = ideal weight
Waist-to-hip ratio (WHR) normal values: 0.7-0.95 men, 0.7-0.85 women
Skinfold thickness measuring (on the trunk and extremities
Sophisticated techniques:
- measurements of body density,
- determination of water content (by isotopic or chemical dilution, measurement of
total body conductivity or bioelectric impedance),
- determination of specific body components (by neutron activation or dual-photon
or x-ray absorbtionmetry),
- assessment of regional fat and its distribution by computed tomography or NMR
imaging.
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Expression of overweight degree by BMI:
good weight for men and women:
BMI between 19-25 (age 19-34 y)
BMI between 21-27 (age  35 y)
overweight: BMI 25 or 27-30 - associated with low health risk
BMI  30 almost always increase of body fat
BMI  40 gross obesity, superobese, morbid obesity,
“jumbo", high health risk

Classification of obesity
According to BMI:
BMI
20 - 25
Class (AHA)
0
Grade(Europ)
0
Risk
Very low

25 - 30
I
1
Low

30 - 35
II
2
Moderate

35 - 40
III
2
High

 40
IV
3
Very high

According to etiopathogenesis:
1. primary obesity
2. secondary obesity
According to size and amount of adipocytes:
1. hypertrophic form
- adipocytes size is increased
- adipocytes amount is not increased
2. hyperplastic hypertrophic
- size of adipocytes is increased and number of adipocytes are increased, too.
According to fat distribution in the body:
1. android type (apple shaped) - in men, mainly ( abdominal fat)
2. gynoid type (pear shaped)- in women, mainly ( gluteal fat)
Increased risk of cardiovascular diseases (myocardial infarction), diabetes
mellitus, hypertension, hyperlipidemia is associated with increased abdominal fat.

Etiopathogenesis of obesity
Multiple etiologic factors and pathogenetic mechanisms are involved in
obesity development:
1. Exogenous - excess of ingested calories: There are many reasons for this
disturbance, e.g.: life style, economic condition of society and family, persons
cultural prescription, eating habits, alcoholism
2. Endogenous - resulting from inherent metabolic changes and some acquired
disorders:
a) disorders of food intake
b) disorders of endocrine system
c) psychologic factors
d) number of adipocytes created at childhood
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e) decreased thermogenesis and/or heat loss
f) decreased activity of sympathetic nervous system

Disorders of food intake
Principal results of food intake disorders:
a) obesity
b) starvation   body weight
Hyperphagia - food intake exceeds energy expenditure.
Bulimia - is characterised by binging - the consumption of normal to large
amounts of food, often several thousand calories at a time - followed by self-induced
vomiting or purging of the intestines with laxatives.
Hypophagia - food intake is lesser than energy expenditure.
How is the food intake controlled?
Clear-cut answer to this question is not yet available. There are several
theories explaining the problem:
1. Glucostatic theory - food intake is regulated by concentration of glucose in blood
through its influence of sensitive cells in hypothalamus and liver:
-  concentration of glucose in blood  inhibition of food intake
-  concentration of glucose in blood  stimulation of food intake by hunger
Insulin influences to food intake:
- exogenous insulin (in pharmacologic dose)  stimulation of food intake
- endogenous insulin  signal of satiety  inhibition of food intake
2. Lipostatic theory - food intake is regulated by biologic "set point" that maintains
body weight. This set point is controlled by the ventromedial hypothalamus,
which regulates an individuals appetite. Obese individuals are proposed to have
a higher set point.
3. Aminostatic theory - food intake is regulated by concentration of amino acids in
blood.
4. Thermostatic theory - it is based on the thermogenesis of brown adipose tissue
(the mitochondria-rich fat cells responsible for heat production). Individuals with
large number of subcutaneous brown fat cells release excess energy through heat
production instead of converting the energy to fat stores. Obese people are
believed to have very few brown fat cells compared to the average individual.
5. Energostatic theory - sodium-potassium-adenosine triphosphatase (ATPase)
pump transports Na+, and K+ across a cell membrane using energy stored in
ATP.Obese people have an average 22 % fewer ATPase pumps than
nonobese individuals. This lack could tend to less energy release
and obesity.
6. Lipoprotein-lipase theory (LPL) - involves biochemical mechanisms within the
fat cells; lipoprotein-lipase - enzyme synthesised by fat cells, hydrolyses
triglycerides into glycerol and FFA, which than enter the fat cells and are
reesterified into triglycerides. So, lipoprotein-lipase promotes fat storage.
Obese individuals have elevated level of LPL in their fat cells.
The origin of obesity and adipose tissue hyperplasia
Adipocytic hyperplasia is due of excess to food intake. A distinction used to be
drawn between a hypertrophic and a hyperplastic obesity.
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hyperplastic obesity - usually accompanied by hypertrophy (more severe obesity)
hypertrophic obesity - adipocytic hypertrophy, only (less severe obesity)
Development of obesity:
As the obesity increasesincreasing in fat cell size up to an upper limit 
number of fat cells continues to increase. Adult patients with a history of early-onset
obesity (i.e. a childhood or juvenile obesity) tend to the hyperplastic type of obesity.
Hyperplastic obesity can also be demostrated in very severe late - onset obesity in
adult life.
The recent findings concerning pre-adipocytes and their development are
of obvious significance in the development of obesity.
 pre-adipocytes  stem cells


 hormonal or nutritional stimulus
enzymes adipocytes  fat tissue

Fibroblasts

Physiologic factors involved in pathogenesis of obesity
Obese people are directed more by external cues, such as the sight, small, and
taste of food, than by internal cues, such as hunger and satiety. Eating creates the
desire to eat more.
Some obese individuals eat more food after a snack or preload meal than
nonobese individuals.
The endocrine syndrome in obesity
Adipose patients have raised basal and post-stimulation serum insulin
values. Serum insulin level is directly proportional to the extent of obesity and
correlates with the size of the fat cells. Insulin resistance is present in obese
individuals.
Hypoglycemic response to i.v. insulin is reduced in obesity. In obese subjects
the glucose uptake of the adipose tissue and of the muscle is reduced during insulin
stimulation.
Inhibition of hepatic glucose - release only occurred with insulin levels
higher in obese subjects than in those of normal weight.
Obesity in women:  blood level of testosteron; in men:  blood level of
testosteron with increasing body weight.
There is not clear relationship of thyroid gland disorders to obesity onset.
Some changes in lipid metabolism in obese people
Dyslipoproteinemia is often present in obese people. The commonest disorders
are:
-  VLDL and total triglyceride concentration
-  total cholesterol
-  HDL - cholesterol
Mechanisms of VLDL level increase: overeating   insulin secretion 
 stimulation of VLDL synthesis in liver
Is human obesity the result of defect in lipid oxidation or in thermogenesis?
In animal experiment: beta adrenergic stimulation  lipid oxidation
beta adrenergic blockade   lipid oxidation

-
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Why individuals can spontaneously be in positive energy balance for a long
period of time before reaching a new steady state when obese? The most attractive
hypothesis explaining this question is adaptive thermogenesis: individuals prone to
obesity would be characterised by a defect in energy expenditure, which would
favour a positive energy balance.
Sympathetic nervous system and its influence on lipid metabolism
Possible mechanism involved in obesity onset:
First condition for energy balance: Stable energy stores: energy intake = energy
expenditure.
Second condition for energy balance: close relationship between energy balance and
substrate balance. Energy balance cannot be maintained if there is no equilibrium
between the intake and the oxidation of each macronutrient.
At the opposite of what is observed for carbohydrates and proteins, lipid
oxidation does not have the sensitivity to rapidly adapt in response to changes in
lipids intake
On a long term basis, the fat gain resulting from an excess in lipid intake over
lipid expenditure leads to a substantial change in the composition of the fuel mix
oxidised which itself contributes to the achievement of a new plateau at which
energy and lipid balance will be found.
Individuals who are the most predisposed to be in a positive energy balance
over a long time are those ingesting high fat foods and who also have a low relative
potential to oxidise lipids.
The individual variation in the capacity to use fat as an energy substrate may
play a crucial role in the regulation of energy balance. Under high fat diet conditions,
energy intake will be increased without a corresponding change in lipid oxidation and
energy expenditure. If individuals display a low ability to increase lipid oxidation in
response to a high fat diet (as has recently been found in post-obese subjects) the reequilibration of lipid and energy balance will not occur without a considerable fat
gain.
Some persons may be high lipid oxidation responders when exposed to a high
fat diet and that they can minimize the impact of such a diet on body composition.
Lipid balance in the body is more dependent on beta-adrenergic stimulation in
comparison to carbohydrate oxidation.Variation in sympathetic nervous system
activity may play a major role in the regulation of substrate and energy balance as
well as the predisposition to obesity.
Consequences of positive energy balance
Consequences associated with increased caloric intake and/or decreased
physical activity:
1.  storage of triacylglycerides (TGL) in the adipose organs   size of adipocytes
 if BMI  35   number of adipocytes
2.  level of circulating TGL   concentration HDL cholesterol   risk of
cardiovascular disease
3.  TGL depots   production of cholesterol   secretion of cholesterol in
bile   risk of gallstone formation
4. obesity:  insulin secretion  pancreatic islet insufficiency
5.  insulin concentration   Na+ retention   risk of hypertension
6.  energy intake and obesity  altered control of energy metabolism
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 T3 production from T4   metabolic rate cardiac
 sympathetic tonus   metabolic rate output  heart failure
1.
2.
3.
4.

5.
6.
7.
8.

Consequences of excess weight
 risk of sudden death
cardiomegaly with cardiomyopathy
Pickwickian syndrome and sleep apnea syndrome
pituitary/gonadal dysfunction
- in women  hirsutism
- in men
  concentration of free testosterone
acanthosis nigrans
osteoarthrosis
 risk of accident and injury
 risk of hemorheologic disturbances   Er aggregation,  Er deformibility,
 plasma viscosity,  plasma level of fibrinogen,  plasma level of albumin
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PATHOPHYSIOLOGY OF CEREBRAL ISCHEMIA
J. Hanáček

Cerebral vascular accidents
Sudden damage of brain induced by decreasing or suspending substrate
delivery (oxygen and glucose) to the brain due to disturbance of brain vessels.
Classification of cerebral vascular accidents:
1. focal cerebral ischemia (the most often)
2. intracerebral haemorrhage
3. subarachnoid haemorrhage
Cerebral blood flow (Q): cortex - 0.8 ml/g/min, white matter - 25 % from Q in cortex
Definition of cerebral ischemia
It is the potentially reversible altered state of brain physiology and
biochemistry that occurs when substrate delivery is cut off or substantially reduced by
vascular stenosis or occlusion.
Etiopathogenesis of cerebral ischemia
Main pathogenetic causes:
1. microembolisation (due to myocardial infarction, mitral valve damage, others)
2. stenosis of cerebral artery plus decreasing of systemic blood pressure
3. tromboembolism of large brain vessels
4. decreased cardiac output ( myocardial contractility, massive haemorrhage)

Pathogenetic mechanisms involved in development of cerebral
ischemia (CI)
Collateral circulation
The brain is protected against focal interruption of its blood supply by a
number of extra- and intracranial collateral systems
Actual size of the cerebral ischemia depends on:
a) number and vascular tone of the leptomeningeal collateral channels
b) blood viscosity
c) blood perfusion pressure
The rich anastomotic connections between the carotid and vertebral arteries
provide a powerful collateral system which is able to compensate for the occlusion up
to three of these arteries. The good collateral system results in lesser ischemic area
than is an area supplied by occluded artery.
Hemodynamic theory of stroke:  systemic BP   blood flow through
collateral circulation.  systemic BP plus multifocal narrowing of extracerebral
arteries   blood flow initially in the periphery of arterial territories. Since these
regions represent the border lines between the supplying territories of the main
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cerebral arteries, the resulting lesion have been termed "border zone" or watershed
infarcts.

Hemorheology and microcirculation
Relationship between blood viscosity and microcirculation:
P x r4
Q = ------------ x8 x l

Q = flow rate
 P = pressure gradient
r = tube radius
l = length of the tube
 = viscosity of the fluid

It is clear that flow rate (Q) depends considerably on blood viscosity. Blood
viscosity depends on: hematocrit, erythrocyte deformibility, flow velocity, diameter
of the blood vessels.
In the brain macrocirculation (in vessels larger than 100 ) blood viscosity
depends mainly on hematocrit and flow velocity. Blood viscosity increased by
decreasing flow velocity and by increasing hematocrit; this is important at low flow
velocity - Er aggregation (reversible), platelet aggregation (irreversible).
In the brain microcirculation (vascular bed distal to the penetration of 30 - 70
 diameters arterioles into the brain parenchyma) blood viscosity changes with
changes of vessels diameter, mainly. Initially, as diameter of vessels falls, the blood
viscosity falls, too. When vessels diameter is reduced to less than 5-7 , viscosity
again increases (inversion phenomenon)
Summary: Disturbancies of brain microcirculation accompanied by
hemorheologic changes at low flow velocity of blood are considered as important
pathogenic factor promoting development of cerebral ischemia and cerebral
infarction.

No-reflow phenomenon
Definition: Impaired microcirculatory filling after temporary occlusion of
cerebral artery.
Result: The mechanism can contribute to development of irreversibility of
ischemic lesion.
Summary: It can be disputed if no-reflow after transient focal ischemia at
normal blood pressure is of pathogenic significance for infarct development or merely
an accompaniment of irreversible tissue injury.

Cerebral blood flow regulation
Cerebral ischemia  both CO2 reactivity and autoregulation of cerebral
vessels are disturbed.
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In the centre of ischemic territory:
a) CO2 reactivity is abolished or even reversed (i.e. blood flow may decrease with
increasing PaCO2),
b) disturbance of autoregulation - mainly when BP is decreased (local blood
perfusion pressure is below the lower limit of the autoregulatory capacity of the
cerebrovascular bed  vessels are dilated.
Disturbances of flow regulation after stroke are long-lasting - for
autoregulation up to 30 days, for CO2 reactivity up to 12 days. These disturbances
contribute to the phenomenon of post-ischemic hypoperfusion which is important
pathophysiological mechanism for the development of secondary neuronal injury
after global cerebral ischemia.
Disturbances of flow regulation  luxury perfusion = oxygen supply to tissue
exceeds the oxygen requirements of the tissue; possible mechanism involved:
vasoparalysis brought about by the release of acid metabolites from the ischemic
tissue
Forms of luxury perfusion:
a) absolute (true hyperemia)
b) relative (depending on the O2 consumption)

Segmental vascular resistance
It is importance for development CI.
Two different types of brain vessels have to be distinguished:
a) superficial (conducting) vessels - extracerebral segment of the vascular bad
(a.carotis, a. basilaris, and leptomeningeal anastomoses)
b) nutrient (penetrating) vessels - intracerebral segment of brain circulation (vessels
penetrating to brain tissue and capillary network supplied by them)
Both of segments are involved in autoregulation of blood flow through brain,
but intracerebral segment react to CO2, only.
Middle cerebral artery constriction   resistance of
extracerebral
conducting vessels   pial arterial BP  autoregulatory dilation of intracerebral
vascular segment. As soon as pial BP  below 30 - 40 mm Hg  blood flow begins
to fall   vascular resistance of intracerebral segment   blood flow.
After complete middle cerebral artery occlusion  BP in pial arteries is 10 15 mm Hg, only. Result:  PCO2 does not cause changes of either intra- or
extracerebral vascular tone. Alteration of systemic BP  no effect on
intraparenchymal vessels   resistance of extracerebral vessels (autoregulatory
capacity of collaterals is preserved).

Intracerebral steal phenomena (syndrome)
The interconnection of ischemic and non-ischemic vascular territories by
anastomotic channels may divert blood from one region to the other, depending on
the magnitude and the direction of BP gradient across the anastomotic connections.
The associated change of regional blood flow is called "steal" if it results in a
decrease of flow, or "inverse steal" if it results in a increase of flow (Robin Hood
syndrome) in ischemic territories.
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Mechanism in steal phenomena occurrence: vasodilatation in non-ischemic
brain regions ( PCO2, anaesthesia)   BP in pial arterial network   of the
collateral blood supply to the ischemic territory.
Mechanism of inverse steal phenomena: vasoconstriction (PCO2) in the
intact brain regions (or indirectly - to a decrease of intracranial pressure causing an
improvement of blood perfusion pressure)  amelioration of blood flow in ischemic
brain region.
Summary: Despite of existing knowledge about steal and inverse steal
phenomena, it is not possible to predict alterations of degree and extent of ischemia
when blood flow in the non-ischemic territories is manipulated. Such manipulations
are not recommended up to now for the treatment of stroke.

Thresholds of ischemic injury
In the intact brain metabolic rate can be considered as the sum of:
a) activation metabolism supports the spontaneous electrical activity (synaptic
transmission, generation of action potentials),
b) basal (residual) metabolism - supports the vital functions of the cell (ion
homeostasis, osmoregulation, transport mechanisms, production of structural
molecules).
The working brain consumes about:
1/3 of its energy for maintenance of synaptic transmission,
1/3 for transport of Na+ and K+,
1/3 for preserving of structural integrity.
Gradual  of oxygen delivery 
a) reversible disturbances of coordinated and electrophysiological functions
a) irreversible structural damage occurs
Thresholds for functional disturbances
a) The appearance of functional changes (clinical symptoms and signs) when focal
blood flow rate was below 0.23 ml/g/min.
b) Complete hemiplegia was present when blood flow rate decline to0.08 - 0.09
ml/g/min.
c) Threshold of the suppression of EEG activity begins at the flow rate
0.20ml/g/min and EEG became isoelectric when blood flow rate is between 0.15
- 0.16 ml/g/min.
d) Depolarisation of cell membranes occurs at flow levels below 0.08 - 0.1 ml/g/min
(sudden increase of extracellular K+ and associated fall of extracellular Ca++
(threshold for ion pump failure - it is the lower level of the penumbra range).
Threshold for morphological injury
Development of morphological lesions requires:
a) minimal time (manifestation or maturation time)
b) certain density of ischemia
Permanent ischemia 0.17 - 0.18 ml/g/min  histological changes
2 hours ischemia 0.12 ml/g/min  histological changes
1 hour ischemia 0.05 - 0.06 ml/g/min  histological changes
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The concept of ischemic penumbra
The term penumbra was coined in analogy to the half-shaded zone around the
centre of a complete solar eclipse in order to describe the ring-like area of reduced
flow around the more densely ischemic centre of an infarct.
In pathophysiological terms: it is the flow range between the thresholds of
transmitters and membranes failure.
Functional activity of the neurones is suppressed although the metabolic
activity for maintenance of structural integrity of the cell is still preserved (neurones
are injured but still viable).
Penumbra should be defined as a flow range between 0.10 - 0.23 ml/g/min.
Within the penumbra zone:
a) autoregulation of blood flow is disturbed,
b) CO2 reactivity of blood vessels is partially preserved,
c) ATP is almost normal,
d) slight decrease of tissue glucose content (begining insufficiency of substrate
availability).
Summary: Penumbra concept is important because it provides a rational basis
for functional improvements occurring long after the onset of stroke.

The concept of diaschisis
The term for remote disturbances due to the suppression of neurones
connected to the injured (ischemic) region.
Possible mechanism involved in diaschisis occurrence:
a) the neurones in remote focus of brain from ischemic injury suffer a kind of shock
when they are deprived from some of their afferent input (ischemic focus),
b) it is reasonable to assume that deactivation of fibre system connecting the areas
involved causes a depression of functional activity because the decrease of blood
flow and metabolic rate is coupled,
c) a possible molecular mediator of diaschisis is a disturbed neurotransmitter
metabolism.
Time characteristic: diaschisis appears within 30 min after the onset of
ischemia; reversal of the phenomena has been observed after a few month.

Consequences of cerebral ischemia
Neurophysiological disturbances
1. neurological deficit (forced ambulation with circling, tonic deviation of the head
and neck toward the side of the occluded artery; active movements cease 
opposite limbs become weak, apathetic or akinetic state
2. suppression of electrocortical activity
3. suppression of cortical evoked potentials
Changes in ECF
a) changes in extracellular fluid content:  concentration of K+
 concentration of Na+
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 concentration of Ca ++
b) changes in extracellular fluid volume:  volume of ECF
Increase of the intracellular cytosolic calcium concentration is one of three
major factors involved in ischemic brain damage. Other two factors are: acidosis
and production of free radicals.
Biochemical changes
a) energy metabolism: cerebral ischemia  first step: shortage of O2; second
step: shortage of glucose
Results:  NADH,  ATP and KP,  concentration of lactate
b) lipid metabolism:
- intracellular Ca++  activation of membrane phospholipase A2 
release of poly-unsaturated fatty acids into intracellular compartment.
- activation of phospholipase C  arachidonic acid
c) neurotransmitter metabolism:
- disturbances exist in synthesis, degradation, releasing and binding of
neurotransmitters
- with prolong or severe ischemia:
 norepinephrine, serotonin, dopamin
 alanin and GABA (inhibitory neurotransmitters)
 aspartate and glutamate (excitatory neurotransmitters)
d) protein synthesis: disturbances () of protein synthesis
Ischemic brain edema
Definition: It is the abnormal accumulation of fluid within the brain
parenchyma leading to the volumetric enlargement of the tissue.
Brain oedema aggravates the pathological process induced by ischemia in
different ways:
a) by interfering with the water and electrolyte homeostasis of the tissue
b) by its adverse effect on myelinated nerve fibres
c) by its volumetric effect causing local compression of the microcirculation, rise
intracranial pressure, dislocation of parts of the brain.
Mechanisms of ischemic brain oedema: Ischemic brain oedema is initially of
the cytotoxic type (disturbances of cell volume regulation, not major changes of the
blood-brain barrier permeability to macromolecules). Vasogenic component of
ischemic brain oedema - disruption of the blood-brain barrier to circulating
macromolecules.
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ALTERATIONS IN CONSCIOUSNESS, TERMINAL STATES
M. Tatár

Consciousness is both a state of awareness of oneself and the environment and
a set of responses to that environment. Full consciousness implies that the individual
responds to external stimuli. The cerebral hemispheres and reticular formation for the
brainstem modulate consciousness. Consciousness has two distinct components,
content of thought and level of arousal.
Content of thought. Content of thought is mediated, for the most part, by the
cortical areas of the cerebral hemispheres.
Level of arousal is mediated by the reticular activating system that extends
from mid pons to the diencephalon and provides arousal to the cerebral hemispheres.
When cerebral function is lost the reticular activating system and brainstem can
maintain a crude waking state known as a vegetative state.
Causes of an altered level of consciousness
With an acute onset may be separated into three major groups:
1. structural
2. metabolic
3. psychogenic
Structural causes are divided according to original location of the pathology:
supratentorial, infratentorial, subdural, extracerebral, and intracerebral.
Causes of altered level of consciousness are also grouped according to
pathologic process: infectious, vascular, neoplastic, traumatic, congenital,
degenerative, polygenic and metabolic.
Metabolic causes may be further divided into hypoxia, electrolyte
disturbances, hypoglycemia, drugs, and toxins (both endogenous and exogenous. All
of the systemic diseases that eventually produce nervous system dysfunction are part
of this metabolic category (diabetic coma, uremic encephalopathy, and hepatic
encephalopathy).
Supratentorial processes. Disease processes may produce diffuse bilateral
cortical dysfunction (e.g., encephalitis) and may actually occur in either the cerebral
cortex or the underlying subcortical white matter. Bilateral subcortical dysfunction
involves destructive pathology that compromises the reticular activating system (e.g.,
brainstem trauma or cerebral vascular accident) and probably surrounding structures.
Extracerebral disorders include neoplasms, closedhead trauma with
subsequent bleeding and subdural empyema. Decreased level of consciousness may
also be caused by compression of the reticular activating system by hematomas,
hemorrhage, and aneurysm.

Level of consciousness
Level of consciousness is the most critical clinical index of nervous system
function or dysfunction. An individual who is alert and oriented to self, others, place,
and time is considered to be functioning at the highest level of consciousness.
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State

Definition

Confusion

Loss of ability to think rapidly and clearly. Impaired judgement and
decision-making.

Disorientation Beginning loss of consciousness. Disorientation to time followed by
disorientation to place and impaired memory. Lost last is recognition
of self.
Obtundation

Stupor

Coma

Mild to moderate reduction in arousal (awakeness) with limited
response to the environment. Falls asleep unless stimulated verbally or
tactilely. Questions answered with minimum response.
A condition of deep sleep or unresponsiveness from which the person
may be aroused or caused to respond motorwise or verbally only by
vigorous and repeated stimulation. Response is often withdrawal or
grabbing at stimulus.
No motor or verbal response to the external environment or to any
stimuli even noxious stimuli such as deep pain or suctioning. No
arousal to any stimulus.

Several characteristic respiratory patterns are helpful in evaluating of brain
dysfunction and level of coma.
Cheyne - Stokes respiration: the breathing pattern has a smooth increase
(crescendo) in the rate and depth of breathing (hyperpnea), which peaks and followed
by a gradual smooth decrease (decrescendo) in the rate and depth of breathing to the
point of apnea when the cycle repeats itself. The hyperpneic phase lasts longer than
the apneic phase. Location of injury: bilateral dysfunction of the deep cerebral and/or
diencephalic structures, seen with supratentorial injury and metabolically induced
coma states.
Brainstem areas controlling arousal are adjacent to areas controlling pupils.
Pupillary changes thus are a valuable guide to evaluating the presence and level of
brainstem dysfunction.
Motor signs indicating loss of cortical inhibition that are commonly associated
with decreased consciousness include reflex grasping, reflex sucking, snout reflex and
rigidity.
Two forms of neurologic death, cerebral death and brain death, are the result
of severe pathology and associated coma.
Cerebral death (irreversible coma)
is death of the cerebral hemispheres exclusive of the brainstem and
cerebellum. Brain damage is permanent and sufficiently severe that the individual is
unable forever to respond behaviourally in any significant way to the environment.
The brain may, however, continue to maintain internal homeostasis (normal
respiratory and cardiovascular functions, normal temperature control, and normal
gastrointestinal function).
Brain death
occurs when irreversible brain damage is so extensive that the brain has no
potential for recovery and can no longer maintain the body's internal homeostasis.
Destruction of the neuronal contents of the intracranial cavity includes the brainstem
and cerebellum.

79

General agreement holds that brain death has occurred when is no discernible
evidence of cerebral hemisphere function or function of the brainstem´s vital centres
for an extended period. Additionally, the abnormality of brain function must result
from structural or known metabolic disease and not be the result of depressant drug or
alcohol poisoning or hypothermia.
1.
2.
3.
4.
5.

The clinical criteria for brain death are:
unresponsive coma (absence of motor and reflex movements),
no spontaneous respiration,
absent cephalic reflexes, no ocular responses with dilated, fixed pupils,
isoelectric (flat) EEG,
confirming test indicating absence of cerebral circulation.

Terminal states
Tanatology - science studying the mechanisms of dying resulting in
irreversible disintegration of the organism as a whole.
Terminal states may develop:
1. progressively as an acute exacerbation or complication of a chronic pathologic
process such as respiratory insufficiency complicated by an acute infection or
cardiac decompensation resulting in pulmonary oedema,
2. acute or peracute development are more frequent, i.e. suffocation, asphyxia
neonati, severe haemorrhage, myocardial infarction.

Stages of terminal states
Preagonal stage
is characterised by interaction of two antagonistic tendencies:
a) tendency to damage and even kill the organism resulting from sudden
pathological situation (i.e. ischemia, acidosis) developing especially in CNS and
b) defensive and compensatory reactions of the organism (i.e. tachypnoea,
tachycardia, general vasoconstriction) tending to counterbalance and compensate
the impaired functions and to prevent death. With both very excessive damage and
excessive prolongation of its action, the compensatory reserves of the organism
may be exhausted. In such cases the breathing may stop - preterminal apnoea with
disappearance of EEG activity. Similarly, progressive hypoxia of heart can result
in a preautomatic pause followed by extrasystoles and bradyarrhythmia with a
progressive fall in blood pressure and tissue perfusion.
Agonal stage
Expression of chaotic function of various systems escaped from cortical
control and being altered by subcortical regulatory centres and reflex mechanisms.
Typical example is gasping type of breathing representing a periodic but maximal
activation of all respiratory muscles from a medullary centre. It represents the last
attempt to reactivate the dying subcortical centres. This may result in periodic
Cheyne-Stokes breathing. Stupor is usually alternating with coma.
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Clinical death
Period of unconsciousness, apnoea, and pulselessness, during which prompt
resuscitation attempts can sometimes result in full recovery. The absence of all these
three basic vital functions results in progressive damage to most organs and systems.
This multisystemic failure can be reversed by applying appropriate resuscitation
techniques until they become irreversible.
Biological death
The development of irreversible changes depends on the sensitivity of the
organs to the lack of oxygen and nutrients supply. The brain displays the highest
sensitivity to this lack determining the upper limit for complete revival of the
organism. The survival time without long-term neurological consequences may be
prolonged in patients in deep anaesthesia and hypothermia to 12 minutes.
Irreversible damage of various tissues:
- cerebral cortex
- 5 min
- subcortical structures - 30 min
- brainstem and heart - 45 min
- spinal cord
- 60 min
- kidneys
- 120 min
- liver
- 180 min
- skin
- days
- bone
- weeks
These time delays are important for organ donation.
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PATHOPHYSIOLOGY OF THERMOREGULATION
M. Tatár

In all homeothermic animals, temperature regulation is achieved through
precise balancing of heat production, heat conservation, and heat loss. The normal
range of body temperature is considered to be 36.2 to 37.7 C but all parts of the body
do not have the same temperature. The temperature at the core of the body (brain and
organs of thoracic and abdominal cavities) is generally 0.05 C higher than at the
surface. The daily fluctuating temperature peaks around 6:00 in the evening and is at
its lowest during sleep.
Hyperthermia (marked warming of core temperature) can produce nerve
damage, coagulation of cell proteins, and death. At 41 C nerve damage produce
convulsion in the adult. At 43 C death results.
Hypothermia (marked cooling of core temperature) produces vasoconstriction,
alterations in microcirculation, coagulation, and ischemic tissue damage. In severe
hypothermia ice crystals forming on the inside of the cell cause cells to rupture and
die.
Temperature regulation is mediated hormonally by the hypothalamus.
Peripheral thermoreceptors in the skin and central thermoreceptors in the
hypothalamus, spinal cord, abdominal organs provide the hypothalamus with
information about skin and core temperatures. If these temperatures are low, the
hypothalamus responds by triggering heat production and heat conservation
mechanisms.
Increased heat production is initiated by a series of hormonal mechanisms.
TSH-RH stimulates the anterior pituitary to release TSH, which acts on the thyroid
gland, stimulating release of thyroxin, which acts on the adrenal medulla, causing the
release of epinephrine. This causes vasoconstriction, stimulation of glycolysis, and the
increase in metabolic rates.
The hypothalamus also triggers heat conservation. It involves stimulation of
the sympathetic nervous system, which is responsible for increasing skeletal muscle
tone, initiating the shivering response, and producing vasoconstriction.
The hypothalamus responds to warmer core and peripheral temperatures by
reversing the same mechanisms. The TSH-RH pathway is shut down. The
sympathetic pathway is promoted to produce vasodilatation, decreased muscle tone,
and increased sweat production.

Mechanisms of heat production
1. Chemical reactions of metabolism. The chemical reactions that occur during the
ingestion and those required maintaining the body at basal metabolism require
energy and give off heat.
2. Skeletal muscle contraction. Skeletal muscles produce heat through two
mechanisms: gradual increase in muscle tone and rapid muscle oscillations
(shivering). Shivering is a fairly effective method, because no work is performed
and all the energy produced is retained as heat.
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3. Chemical thermogenesis. Results from the release of epinephrine, which produces
a rapid transient increase in heat production. Chemical thermogenesis occurs in
brown adipose tissue present mainly in small newborn mammals.

Mechanisms of heat loss
1. Radiation refers to heat loss through electromagnetic waves. These waves
emanate from surfaces with temperatures higher than the surrounding air.
2. Conduction refers to heat loss by direct molecule-to-molecule transfer from one
surface to another. Through conduction the warmer surface loses heat to the cooler
surface.
3. Convection is the transfer of heat through currents of gases or liquids. It greatly
aids heat loss through conduction by exchanging warmer air at the surface of the
body with cooler air in the surrounding space. Convection occurs passively as
warmer air at the surface of the body rises away from the body and is replaced by
cooler air.
4. Vasodilatation increases heat loss by diverting core-warmed blood to the surface
of the body. Vasodilatation occurs in response to autonomic stimulation under
control of the hypothalamus.
5. Decreased muscle tone - to decrease heat production muscle tone may be
moderately reduced and voluntary muscle activity curtailed. These mechanisms
explain in part the "washed-out" feeling associated with high temperatures and
warm weather.
6. Evaporation of body water from the surface of the skin and the linings if the
mucous membranes is a major source of heat reduction. Heat is lost as surface
fluid is converted to gas, so that heat loss by evaporation is increased if more
fluids are available at the body surface. Up to 4 litres of fluid per hour may be lost
by sweating. Loss of large volumes through sweating may result in decreased
plasma volume, decreased blood pressure, weakness, and fainting. Stimulation of
sweating occurs in response to sympathetic neural activity. Heat loss through
evaporation is affected by the relative humidity of the air. If the humidity of the
air is low, sweat evaporates quickly, but if the humidity is high, sweat does not
evaporate and instead remains on the skin or drips off.
7. Voluntary mechanisms - in response to high body temperatures, people typically
"stretch out," thereby increasing the body surface area available for heat loss.
They also decrease skeletal muscle work, and they "dress for warm weather".
8. Adaptation to warmer climates - when individuals move from cooler to much
warmer climates, their bodies undergo a period of adjustment, a process that takes
several days to weeks. At first the individual experiences feeling of lassitude,
weakness, and faintness with even moderate activity. Within several days,
however, the individual experiences an earlier onset of sweating, the volume of
sweat is increased, and the sodium content is lowered. Extracellular fluid volume
increases, as does plasma volume.

Mechanisms of heath conservation
1. Vasoconstriction - centrally warmed blood is shunted away from the periphery to
the core of the body, where heat can be retained.
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2. Voluntary mechanisms - in response to lower body temperatures, individuals
typically "bundle up", "keep moving", or "curl up in a ball". Bundling up involves
dressing with several layers of clothes that allow air to be trapped between the
skin and the clothing. Stamping feet, clapping hands, jogging, and other types of
physical activity increase skeletal muscle activity and thus promote heat
production.
Changes in temperature regulation with age
Infants produce sufficient body heat but are unable to conserve heat produced.
This is caused by the infant´s greater ratio of body surface to body weight. Infants
also have a very thin layer of subcutaneous fat.
The elderly have poor responses to environmental temperature extremes as a
result of slowed blood circulation, structural and functional changes in the skin, and
overall decrease in heat-production activities (decreased shivering response). They
have also diminished or absent sweating and decreased perception of heat and cold.

Fever
The appearance of fever suggests a pathologic process such as viral or
bacterial infection. It is triggered by the release of leukocytic endogenous pyrogens,
now called interleukin I (IL-1), primarily from mononuclear phagocytes and
neutrophiles. Fever is a symptom of the disease and a normal immunologic
mechanism.
Pathogenesis
Fever is not the result of a failure of the normal thermoregulatory mechanism
but is thought to be a "resetting of the thermostat" to a higher level. The
termoregulatory mechanisms adjust heat production, conservation, and loss to
maintain body core temperature at a normal level. During fever this level is raised so
that the thermoregulatory centre now adjusts heat production, conservation, and loss
to maintain the core temperature at the new, higher temperature, which functions as a
new "set point".
The pathophysiology of fever begins with the introduction of exogenous
pyrogens: endotoxins, bacterial and viral pyrogens. Their lipid part of the molecule is
necessary for their pyrogenic action. The production and release of IL-1 occur as
bacteria are destroyed and absorbed by phagocytic cells within the host. IL-1 acts on
the brain to cause fever (elevating the “set point”). The precise locus of action in the
CNS is unknown. The action of IL-1 appears to be due in part to release of the
prostaglandin E. As the set point is raised, the hypothalamus signals an increase in
heat production and conservation to raise body temperature to the new level.
Peripheral vasoconstriction occurs; epinephrine release increases metabolic rate; and
muscle tone increases. Shivering may also occur.
During fever arginin vasopressin (AVP) is released from nerve fibres where it
acts as an endogenous antipyretic, or helps to diminish the febrile response. It may
help to explain fluctuations in the febrile response. When the fever breaks, the set
point is returned to normal. The hypothalamus responds by signalling a decrease in
heat production and an increase in heat reduction mechanisms: decreased muscle tone,
peripheral vasodilatation, and sweating.
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Benefits of fever
Fever production aids responses to infectious processes through several
mechanisms. Simple raising of body temperature kills many microorganisms and has
adverse effects on the growth and replication of others. Higher body temperatures
decrease serum levels of iron, zinc, and copper, all of which are needed for bacterial
replication.
Heat increases lymphocytic transformation and motility of polymorphonuclear
neutrophils, thus facilitating the immune response.
Treatment with antipyrogenic medications should be employed only if the
fever produces or is high enough to produce serious side effects such as nerve damage
or convulsion. Fever responses in the elderly and in children may vary from adults.
The elderly may have decreased or no fever response to infection. In contrast, children
develop higher temperatures than adults for relatively minor infections. Febrile
seizures may occur with temperatures above 39C.

Disorders of temperature regulation
Hyperthermia
Hyperthermia may be accidental or therapeutic. Forms of accidental
hyperthermia:
1. Heat cramps - severe spasmodic cramps in the abdomen and extremities that
follow prolonged sweating and associated sodium loss. They usually appear in
individuals who are not accustomed to heat or in those who are performing
strenuous work in very warm climates. Fever, rapid pulse, and increased BP often
accompany the cramps.
2. Heat exhaustion or collapse, is a result of prolonged high core or environmental
temperatures. These cause the appropriate hypothalamic response of profound
vasodilatation and profuse sweating. Over a prolonged period the hypothalamic
responses produce dehydration, decreased plasma volumes, hypotension,
decreased cardiac output, and tachycardia. The individual feels weak, dizzy,
nauseated, and faint. The individual should be encouraged to drink warm fluids to
replace fluid lost through sweating.
3. Heatstroke is a potentially lethal result if a breakdown in control of an
overstressed thermoregulatory centre. When core temperature reaches 40.5 C the
brain may be preferentially cooled by maximal blood flow through the veins of the
head and face, specifically the forehead. Sweat production on the face is
maintained even during dehydration. In instances of very high core temperatures
(40 to 43 C), the regulatory centre may cease to function appropriately. Sweating
ceases, the skin becomes dry and flushed, and core temperature rises rapidly.
Vascular collapse produce cerebral edema, and degeneration of the CNS. The
individual may be irritable, confused, or comatose. Children are more susceptible
to heat stroke than adults because
a) they produce more metabolic heat when exercising,
b) they have a greater surface area to mass ratio,
c) their sweating capacity is less than that of adults).
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Malignant hyperthermia is a potentially lethal complication of an inherited
muscle disorder. The condition is precipitated by the administration of volatile
anaesthetics and neuromuscular blocking agents. Malignant hyperthermia is
caused by either increased calcium release or decreased calcium uptake with
muscle contraction. This allows intracellular calcium levels to rise, producing
sustained, uncoordinated muscle contractions. Sympathetic responses and acidosis
produce tachycardia and cardiac arrythmias, followed by hypotension, decreased
cardiac output, and eventually, cardiac arrest. Increasing temperature, acidosis,
hyperkalemia, and hypoxia produce coma-like symptoms in the central nervous
system. Oliguria and anuria are common, probably resulting from shock,
ischemia, and low cardiac output.

Hypothermia
Tissue hypothermia slows the rate of chemical reactions, increases the
viscosity of the blood, slows blood flow through the microcirculation, facilitates blood
coagulation, and stimulates profound vasoconstriction. Hypothermia may be
accidental or therapeutic.
Accidental hypothermia
Temperature below 35C is generally the result of sudden immersion in cold
water or prolonged exposure to cold environments. At particular risk for accidental
hypothermia are the young and the elderly. In acute hypothermia peripheral
vasoconstriction shunts blood away from the cooler skin to the core in an effort to
decrease heat loss. This produces peripheral tissue ischemia. Intermittent peripheral
perfusion of the extremities helps preserve peripheral oxygenation. Intermittent
peripheral perfusion continues until core temperatures drop dramatically.
The hypothalamic centre stimulates shivering. Severe shivering occurs at core
temperatures of 35 C and continues until core temperature drops to about 30-32 C.
As hypothermia deepens, paradoxical undressing may occur as hypothalamic control
of vasoconstriction is lost and vasodilatation occurs with loss of core heat to the
periphery.
At 30 C the individual becomes stuporous, heart rate and respiratory rates
decline, and cardiac output is diminished. Cerebral blood flow is decreased. Sinus
node depression occurs with slowing of conduction through the atrioventricular node.
In severe hypothermia (26-28 C), pulse and respiration may be undetectable.
Ventricular fibrillation and asystole are common.
Therapeutic hypothermia
Therapeutic hypothermia is used to slow metabolism and thus preserve
ischemic tissue during surgery or limb reimplantation. Hypothermic ischemic cells
remain viable long after normothermic ischemic cells have died. The temperature
changes of hypothermia place a great deal of stress on the heart. Moderate to severe
hypothermia may lead to ventricular fibrillation and cardiac arrest.
Prolonged hypothermia may precipitate exhaustion of liver glycogen stores by
prolonged shivering.
Trauma
Five types of traumatic injury that usually affect temperature regulation are:
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1. Central nervous system trauma that causes CNS damage, inflammation,
increased intracranial pressures, or intracranial bleeding typically produces a fever
of greater than 39 C. This temperature, often referred to as a "central fever",
appears with or without relative bradycardia.
2. Accidental injuries - mild accidental injuries may produce a slight elevation in
core temperature. Moderate to severe injuries result in peripheral vasoconstriction
with decreased surface and core temperatures. Core temperature seems inversely
related to the severity of the injury and may be a result of decreased oxygen
transport to the tissues. In severe injuries, shivering is absent and some alteration
in thermoregulation is evident.
3. Hemorrhagic shock - loss of blood volume triggers peripheral vasoconstriction
and a slight rise in core temperature. Subsequent decreases in core temperature
have been demonstrated in individuals with hemorrhagic shock treated with
unwarmed volume-expanding solutions and surgical repair. Volume expansion
with warmed solutions is recommended to prevent the deleterious effects of
hypothermia on cardiac output, cardiac rhythm, and the immune system.
4. Major surgery often induces significant hypothermia through exposure of body
cavities to the relatively cool operating room environment. Other mechanisms
include irrigation of body cavities with room temperature solutions, and infusion
of room temperature intravenous solutions.

Thermal injury
Burns
Burns may be caused by thermal, chemical, or electrical injury. The
physiologic consequences of major thermal injury centre around the profound, lifethreatening hypovolemic shock that occurs in conjunction with cellular and
immunologic disruption within a few minutes of the injury. In contrast, the effects of
minor and moderate burn injuries are limited to the localised destruction of the skin.
Pathophysiology
First-degree burns: The skin does not lose its ability to function as a water
vapour and bacterial barrier. The most common example is sunburn. Initially there is
local pain and erythema, but no blisters appear for about 24 hours. An extensive firstdegree burn may cause systemic responses such as chills, headache, localised edema,
and nausea or vomiting.
Second-degree burns: The hallmark of superficial partial-thickness injury is
the appearance of thin-walled, fluid-filled blisters that develop within just a few
minutes after the injury. Another dominant characteristic of superficial injury is pain.
As the blisters break or are removed, nerve endings are exposed to the air. The
wounds heal in 3 to 4 weeks, provided the individual is adequately nourished and no
complications develop.
Third-degree burns: or full-thickness, burns involve the destruction of the
entire epidermis, dermis, and some underlying subcutaneous tissue. On occasion, all
underlying subcutaneous tissue is destroyed and muscle or bone may be involved.
Visible thrombosed veins may be present in some areas of the full-thickness injury.

87

The elasticity of the dermis is destroyed giving the wound a dry, hard, leathery
appearance. As marked edema forms, distal circulation may be compromised in areas
of circumferential burns. Full-thickness burns are painless because nerve endings have
been destroyed by the heat. These wounds take weeks to heal with scar tissue.

Frostbite
Frostbite is injury to the skin caused by exposure to extreme cold. The
mechanism of injury is complex but appears to be related to direct cold injury to cells,
indirect injury from ice crystal formation, and impaired circulation to the exposed
area. Frozen skin becomes white or yellowish and is waxy. There is numbness and no
sensation of pain.
The extent of skin damage can range from mild to severe. There is redness and
discomfort with mild frostbite with warming and a return to normal in a few hours.
Cyanosis and mottling develops followed by redness, swelling, and burning pain on
rewarming in more severe cases. Within 24 to 48 hours, vesicles and bullae appear
that resolve into crusts that eventually slough off .
The most severe cases result in gangrene with loss of the affected part.
Frostbite may be classified by depth of injury: superficial, including partial skin
freezing (first degree) and full-thickness skin freezing (second degree); and deep,
including full-thickness skin and subcutaneous freezing (third degree).
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AGEING PROCESS
M. Tatár

Gerontology is a scientific discipline searching the biochemical and biological
background of the ageing process and geriatrics deals with the practical medical
problems of the old people.
According to the WHO the adult and old age can be divided into 4 groups:
middle age (45 - 59 years)
presenium - the age preceding old age (60 - 74 years)
senium - old age (75 - 89 years)
very old age (90 and more years)
The main characteristics of ageing from the medical point of view:
1. increased mortality with age after maturation,
2. changes in biochemical composition in tissues with age,
3. broad spectrum of progressive deteriorative physiological changes with age,
4. decreased ability to respond adaptively to environmental changes with age,
5. increased vulnerability to many diseases with age.
The ageing process is a biologically (and perhaps genetically) determined
phenomenon (primary ageing) influenced by hostile environmental factors (diseases,
trauma, socioeconomical state - secondary ageing). The speed of ageing discloses
great individual variations.

Theories of ageing
The ageing process is an extremely complex biological phenomenon. Its ways
are different at molecular, subcellular, cellular and organ level and furthermore
different tissues or organs may reveal their own trajectories of ageing. The stochastic
theories consider ageing as a tear and wear process and the pacemaker (or genetic)
theories claim the existence of a genetically encoded clock, which determines the
maximal life span of man.

Stochastic theories
Stochastic theories should answer two basic questions:
1. Which is the weakest point of the living systems determining the rate of tear and
wear process.
2. What are the damaging agents.
To the first question the most plausible answer is the genetic code and to the
second the reactive oxygen species but in actual fact the answers are far more
complicated.
Somatic mutation theory and failure of DNA repair theory
The mutations accumulate in time and lead to deterioration of cell function.
Crucial are, however, mutations of genes included in proteosynthesis - that is genes
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for ribosome proteins. Mutation in these genes should lead to overall deterioration of
the precision of protein synthesis and therefore should have catastrophic
consequences to the cell.
Genes for some key enzymes of the terminal oxidation are located in the
mitochondrial DNA. The mutation ratio of DNA in the mitochondria is much higher
than in the nucleus because mitochondria lack DNA repairs mechanisms.
Theory of random postsynthetic modification
Attempt for a unifying theory because it couples the role of bioreactive forms
of oxygen, nonenzymatic glycation and other random postsynthetic modifications of
biological macromolecules as the common case of the ageing at molecular and
subcellular level. At cell and tissue level key importance should be probably assigned
to the ability of defence mechanism to prevent and repair random postsynthetic
damage (antioxidant enzymes, repair systems) because these in a normal cell or tissue
do not allow the accumulation of faulty molecules.

Developmental genetic or pacemaker theories
These theories consider ageing as continuation of the development and
maturation. Early development is clearly genetically programmed, maturation is a
cooperation between genes and environment, hence, ageing and death might also be
programmed by a genetic clock.
Normal cells growing in tissue culture are not able to divide indefinitely and
their mitotic capacity decreases with the age of the donor. Fibroblasts isolated from
young people are able to undergo more (between 40 and 50) divisions as the same
cells of old donors.
The neuroendocrine theory claims that the hypothalamo-pituitary-adrenal axis
is the main regulator of the ageing process. Functional changes of the neuroendocrine
system may cause ageing of the whole body.
The immunologic theory is based on two main observations:
1. the functional capacity of the immune system declines with age and,
2. autoimmune phenomena increase with age.

Reconciliation of the stochastic and genetic theories
These two classes of theories are not mutually exclusive. The actual damage
due to stochastic events depends to a great extent on the integrity and ability of the
defence and repair mechanisms. Most of the defence and repair mechanisms are
genetically coded and regulated (e.g. antioxidant enzyme systems, DNA repair
processes, structure of mitochondria). The better and more sophisticated these
processes are the longer can the given species or individual cope with the damaging
forces.
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Changes in main physiological functions during normal ageing and
the most frequent health problems in elderly patients
Skin, bones and musculature
- skin of the old people is wrinkled and dry, atrophic and dotted with senile purpura
- number of elastic fibres is decreased
- greying of the hair is common
- osteoporosis, leads to loss of height, to pain in the limbs and even to fractures
- muscles are weaker and slower than in the young
Cardiovascular system, vessel wall and blood pressure
- isometric relaxation and the contraction of the heart muscle are impaired, it is
probably due to decreased active transport of calcium through biomembranes
- chronotropic and inotropic response to load (due to diminished reaction to adrenergic stimulation) is impaired as well as the vasodilatation response
- atherosclerotic plaques of the vessel walls are common but they pure occurrence
does not mean inevitably impaired tissue perfusion
- age-related elevated occurrence of hypertension is probably not part of normal
ageing because it does not appear in groups of people who do not consume salt
Respiratory system
- vital capacity decreases considerably with age
- elasticity of the lung decreases with age and in expirium the small airways often
collapse
- basal parts of the lungs are wellperfused but their ventilation is impaired and
therefore a slight drop in the oxygen saturation of blood can occur
Digestion
- excretion of gastric acid and digestive juices is decreased
- decreased motility of the guts is partly responsible for obstipation
- overall metabolic activity of the liver is impaired
Excretion
- renal blood flow and glomerular filtration decrease with age, as the creatinin
synthesis is decreased as well, its concentration in healthy old people remains in
the normal range
- in men the prostatic hypertrophy may cause difficulties with urination and the
retention of urine
Fluid, electrolyte and acid-base balance
- range of adaptation of these systems is considerably diminished, this may manifest
after bleeding, burns, diarrhea and other pathological conditions as fast and
unexpected metabolic derangement
- danger of metabolic decompensation is more pronounced if heart or kidney
failure, diabetes and other diseases are present
Thermoregulation
- impairment of the thermoregulatory adaptability in old people, both hypo- and
hypertermia can easily develop
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-

old people have impaired sense of thermal comfort - they wear warm suits even
during summer

Ageing brain
- although the neurones are not replaceable the enormous plasticity of the nervous
system allows to maintain all basic functions of the brain up to old age
- normal ageing is accompanied by changes in sleep pattern, on the average, elderly
subject require less total sleep time than young adults
- one of the most serious problem connected with ageing is the deterioration of the
memory
- very important and up to date not fully solved problem is where to draw the
dividing line (if there is any) between normal brain ageing and senile dementia,
besides deterioration due to loss of neurones underuse, organic diseases and very
frequently social and economical problems can mimic dementia

Somatic diseases in the old age
The diseases occurring frequently in old subjects can be divided into three
categories:
1. Diseases occurring in all old people, atherosclerosis being the best example.
2. Diseases, which are more, frequent in old age than in young. Due to decrease in
immune function the overall rate of malignancies is higher. The prevalence of
diabetes mellitus, hypertension is also higher.
3. Diseases which are not age dependent, but their prognosis is worse in old people
than in young, for example pneumonia, burns, bone fractures.
The symptomatology of diseases in elderly is often altered (e.g. myocardial
infarction without pain, asymptomatic hypothyreosis and diabetes). The most frequent
age dependent diseases and health problems tend to cluster and manifest as
multimorbidity.
The socioeconomic status is often decisive for the development of complaints
and diseases. Poverty, low level of education, problems arising from retirement, loss
of partner and friends, isolation influence badly the mental state and in turn accelerate
the development of many diseases.
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AIR POLLUTION
M.Tatár

Air pollution is generally defined as that which comes from human activity
and not from natural sources such as volcanoes, forest fires, or trees and grasses
(pollens). Specially excluded are the various carcinogens that can be airborne and that
may produce tumours of the lung. We should not say that all pollutants are bad, but
rather how bad; some pollutants are more toxic than others.
The more usual forms of man-made air pollution can be divided into two
fundamental types, the ingredients of which may coexist. These two types are the
reducing of London type and the oxidising or Los Angeles type.
The London type contains sulphur oxides, sulphuric acid, and sulphate salts as
well as suspended particulate from fossil fuels, primarily coal. The sulphur oxides,
primarily sulphur dioxide, are converted either by photochemical reaction with
ammonia to form ammonium sulphate, ammonium acid sulphate, or metallic
ammonium sulphate compounds. The excess mortality or premature deaths have been
reported with this type of pollution. This type of pollution is also a factor in the
production of chronic obstructive lung disease.
The Los Angeles type of air pollution is quite different from the London type.
Here the primary source is the automobile with the internal combustion engine. The
compounds produced are oxides of nitrogen and hydrocarbons. Sunlight, specifically
the ultraviolet portion, is essential for the production of the secondary compounds that
are responsible for the irritating quality of Los Angeles air pollution. Some of these
compounds are ozone, aldehydes and ketones, and peroxyacetyl nitrates.

Ozone
Chemical properties
Ozone is generated from oxygen by electrical discharge or photochemical
reactions in ultraviolet irradiation with a wave-length of 185-210 nm. Ozone (O3) is
highly potent oxidant. It is not a free radical, but interactions with molecules free
radicals are frequently produced.
O3 is virtually insoluble in water. Therefore, it is deposited form the proximal
airways down to the most peripheral airspace. Intrathoracic uptake of O3 has been
estimated to be around 90 %, the deposition of the highest local doses in the airways
occurs in the respiratory acini. O3 can potentially react directly with cell surfaces in
the lower airways.
Toxicological mechanisms
Ozone is the strongest oxidising gas in air pollution. Its toxicity on cell
membranes involves oxidation of amino acids and unsaturated fatty acids. The
peroxides produced cause toxic effects and also free radicals affect enzymes,
structural proteins, fatty acids and numerous other molecules.
Protein and a number of nonenzyme antioxidants are of enormous importance
for preventing or limiting toxic effects of oxidants, such as O3 and nitric oxides.
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Vitamin E may protect against ozone-initiated oxidation and peroxidation, and can
limit the toxic effects.
The majority of O3 is, however, produced in the atmosphere. Complex
photochemical reactions take place in polluted air, where radiation, nitrogen oxides,
organic vapours and other agents interact in the generation of ozone. Due to the fact
that O3 is produced mainly in reactions driven by radiation and other air pollutants, it
may be considered to be a secondary air pollutant. During hot summers, with periods
of stagnant air, ground concentrations of ozone may increase from around 0.025 to 0.1
ppm (100 ppb), and sometimes above 0.2 ppm in the UK and Central Europe.
Automobiles are the main contributors to secondary O3 production, although
industries also contribute. The short time exposure limit is 0.3 ppm for 15 min.
During exposure, the ability to perform deep inspiration is limited through reflex
mechanisms. Cough and irritation occur when deep inspiration manoeuvres are tried.
Furthermore, breathing becomes shallow with increased frequency. The reflex
mechanisms appear to be aimed at protecting the deeper airways of the host against
further noxious inhalation.
The ability of ozone to increase airway responsiveness has been less
commonly investigated than alterations purely in lung function parameters.
Significant hyperresponsiveness following 6.6 h exposure to 120 ppb O3. The
mechanisms causing airway responsiveness are still unsolved. Bronchoalveolar lavage
(BAL) studies showing a cascade of reactive and inflammatory responses to ozone
may provide some explanation. However, there are at present only temporal
similarities between the findings and no proof for these mechanisms.
Ozone exposure causes not only bronchoalveolar inflammation;
demonstrated nasal increase in neutrophil counts following. The higher concentration
produced a marked acceleration of particle clearance both from central and peripheral
airways, together with a significant decrease in FVC. From animal and in vitro studies
that air pollutants may increase the response to allergens. Air pollutants may alter the
response to allergens in humans. Plasma prostaglandin PGF2 was significantly
elevated in subjects sensitive to respond with FEV1 decrement to ozone exposure.

Nitric oxides
Chemical properties
The nitric oxides (NOx) include nitric oxide (NO) and nitrogen dioxide (NO2).
These gases are mainly produced during high temperature combustion and formed by
reactions between nitrogen and oxygen. During contact with water vapour and
particulates in the atmosphere, or fluid on mucosa surfaces, nitric oxides form nitrous
acid (HNO2) and nitric acid (HNO3). NO2 is considered by far the most toxic.
NO2 is a poorly water-soluble gas, in contrast to the insoluble O3 and highly watersoluble SO2. NO2 is, therefore, deposited far more peripherally in the air spaces
compared with SO2, but does not reach the alveoli in any significant quantities, except
at extremely high exposure concentrations.
Toxicological mechanisms
The formation of nitric and nitrous acids in aqueous solution on the moist
surfaces of the airspace in probably of importance of the toxicity of NO2. The main
mechanisms have been suggested to involve lipid peroxidation in cell membranes,

94

and various actions of free radicals on structural and functional molecules.
Particularly strong free radicals are formed when NO2 oxidise lecithin, in cell
membranes or surfactant, and by interaction with haem.
Nitrogen dioxide is discharged during burning of fossil fuels in motor vehicles
and is a common air pollutant of community air in urban areas. The NO2
concentrations in urban air are systematically characterised by two daily peaks,
occurring during the morning and the afternoon hours when traffic patterns are
greatest. 24-h average limit in most countries of 0.2 ppm (0.4 mg.m-3). Peak
concentrations of 0.6 ppm have been recorded during extreme situations.
NO2 is also present in the indoor environment, and in many industries,
particularly in chemical plants and workplaces where combustion processes or gas
welding are in use.
In healthy subjects, several studies have reported that exposure to 1.5 - 5 ppm
NO2 significantly increases airway resistance. There are indications that asthmatics
are more susceptible to increased airway reactivity to NO2 than healthy subjects.
NO2-induced pulmonary inflammation has long been studied in animal
models, the inflammation mainly involves high numbers of neutrophils but also
macrophages, and in some investigations also lymphocytes and mast cells. Air
pollutants may increase susceptibility to airway infections. NO2 may affect the
protease-antiprotease balance. Alpha1-PI is a protein of major importance for
inactivating proteases in the body. Its primary function has been suggested to be
control of neutrophil elastase. Deficiency, low levels or inactivation of this protein by
tobacco smoke or other oxidants, has been associated with development of
emphysema. Experiments have shown enhanced permeability of the epithelium in the
trachea and alveoli after exposure with NO2. The antioxidant status of subjects who
have undergone NO2 exposure. Supplements of vitamin C and E to one of two parallel
exposed groups significantly diminished the effects on lung function.

Sulphur dioxide
Chemical properties
SO2 is slowly oxidised in air to SO3. This process may be accelerated due to
other pollutants and photochemical processes in the atmosphere. In contact with water
vapour or water bound to particulate pollutants, sulphurous acid (H2SO3) is formed.
Sulphur dioxide is a highly water soluble gas, up to 98 % may be absorbed in the
nasopharynx during nasal breathing. Only a minor portion will reach the proximal
pulmonary airways. Little or none of the SO2 is believed to reach the lower airways.
During mouth breathing, especially during hard work with high minute ventilation,
the deposition is different. High concentrations may reach the trachea and proximal
bronchi.
Toxicological mechanisms
It is still not completely identified which mechanisms dominate when SO2 in
gas phase affects cells laying superficially in the air spaces. SO2 is probably absorbed
by water vapour in the airways, and mucus and epithelial fluid in the bronchial walls,
forming sulphuric acids and bisulphates. Whether the acids produce their main
effects on the cells in the airways due to their acidity, ions or reaction products is still
not completely resolved. The mechanism of the SO2-induced bronchoconstriction
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has been studied, but is not yet completely clarify. Strong evidence indicates that
parasympathetic reflexes are important. It has been suggested that neurokinins, such
as substance P, and possibly mast cells, my be involved in mediating the effect.
Sulphur dioxide constitutes a considerable part of the gaseous portion of ambient air
pollution. SO2 is a common air pollutant, produced during combustion of sulphur rich
fossil fuels in, e.g. oil refineries, motor vehicles, and for heating and power
generation.
The short-term exposure limit is 5 ppm (13 mg.m-3).
Most healthy nonhyperactive subjects seem to develop increased airway
resistance above 5 ppm SO2, which is a concentration not encountered outside some
polluted industrial workrooms. Occasionally, sensitive subjects, reported to be
nonasthmatics, have been found to react slightly after 1 ppm SO2. Asthmatics have
been much studied, and respond to lower concentrations than healthy subjects, with
airway constriction and asthma symptoms at 0.25-0.5 ppm SO2. These levels seldom
occur in ambient air over larger areas, except during occasions of pronounced air
pollution. Asthmatics may respond with a very rapid airway obstruction after brief
exposures when exercising. SO2 had elicited an increase in inflammatory cells as soon
as 4 h after exposure, which increased to peak values by 8-24 h. Alveolar macrophage
were most pronounced.
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ISCHEMIC HEART DISEASE
J. Hanáček

Definition
Ischemic heart disease (IHD) means acute or chronic disturbance of heart
function caused by limited blood flow through coronary arteries because of decreased
lumen diameter of these arteries, usually by atherosclerosis.
Myocardial ischemia is defined as a condition in which arterial perfusion is
inadequate to meet energy needs of the cells, leading to adaptive biochemical
mechanisms that alter ionic homeostasis.

Pathogenesis of ischemic heart disease
The main pathogenetic mechanisms involved in IHD are:
1. coronary atherosclerosis
2. thrombosis of coronary arteries  myocardial ischemia
3. constriction of coronary arteries

Pathogenesis of coronary artery disease and the acute coronary syndromes
Ross (1986) - developed "response - to injury" hypothesis of atherosclerosis
which is more complex than previous ones (incrustation, or lipid hypothesis).
Vascular injury and thrombus formation are key events in the origin and
progression of atherosclerosis and in the pathogenesis of the acute coronary
syndromes.

Pathophysiologic classification of vascular injury or damage leading
to atherosclerosis
Type I injury: functional alteration of endothelial cells without substantial
morphologic changes
Type II injury: endothelial denudation and intimal damage with intact internal elastic
lamina
Type III injury: endothelial denudation with damage to both the intima and media.
Causes of vascular injury or damage and vascular response
Disturbance in the pattern of blood flow (mainly at bending points and areas
near branching vessels). Local variability in endothelial susceptibility to these factors
may be as important as flow disturbances in the localisation of minimal endothelial
injury and atherosclerosis.
Release of toxic products by macrophages  type II damage  adhesion of
platelets, macrophages + platelets + endothelial cells  release of growth factors 
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migration and proliferation of smooth muscle cells  fibrointimal lesion or outer
capsule on a predominantly lipid lesion
Lipid lesion surrounded by a thin capsule  disruption  type III injury.
Thrombus formation
Small thrombi  their organisation  growth of atherosclerotic plaque.
Large thrombi  acute coronary syndromes.
Recent pathologic reports demonstrating that the surface overlying
atherosclerotic plaques frequently showed abnormalities ranging from focal defects
to large areas of branch denudation with platelet deposition, incorporation of
microthrombi in different stages of fibrotic organisation, and accumulation of
underlying macrophages.
Progression of atherosclerosis
- Early atherosclerotic lesions  clinically manifest, enlarging atherosclerotic
plaques  coronary risk factors.
- Fissuring or disruption of an atherosclerotic plaque  intraluminal thrombosis
is one of the principal mechanisms of growing plaques.
- Fissuring or disruption of an atherosclerotic plaque  intraluminal thrombus 
acute coronary syndromes.
- Severe stenotic plaque without substantial disruption  complicated, often
asymptomatic, occlusive thrombus.
Contribution of plaque disruption and thrombosis to progression of
atherosclerosis
Mural thrombosis at the site of plaque disruption is important to the
progression of atherosclerosis:
- fissuring and healing of atherosclerotic plaque may contribute to the evolution
of early lesions to advanced lesions,
- recurrent episodes of mural thrombosis, rather than a single, abrupt thrombotic
event, led gradually to vascular occlusion,
- thrombus formation or organisation and acute or subacute growth of
atherosclerotic plaques commonly occur together.
Fibrotic organisation of mural thrombi
Platelets and thrombin are two important elements of the thrombotic process.
- Platelets are the source of many regulatory substances, which take a part in
trombus formation and organisation, e.g.: platelete - derived growth factor,
transforming growth factor beta and others.
- The evidence exist (experimental) that when platelets adherence and
aggregation is very low, than vessels are resistant to thrombosis and to the
development of spontaneous atherosclerosis.
Contribution of plaque disruption and thrombosis to the acute coronary
syndromes
Recent investigations have clearly shown that thrombus formation, usually due
to atherosclerotic plaque disruption, plays a fundamental part in the development of
the acute coronary syndromes. In addition, accumulating evidence indicates, that the
resulting intraluminal thrombotic process is dynamic and repetitive.
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Thus, in some patients with unstable angina, plaque disruption may lead to
intermittent or transient vessel occlusion and ischemia by a labile thrombus.
In others, more severe vascular damage in the form of a large ulcer, may lead
to the formation of a fixed thrombus and a more chronic occlusion, resulting
in acute myocardial infarction.

Contribution of thrombosis without plaque disruption to silent occlusion
Recent evidence support the concept that the disruption of small plaques (not
hemodynamically important - stenosis of less than 75 % of the diameter) is important
in the pathogenesis of acute myocardial infarction.
Whereas longstanding severe stenoses more commonly result in total vessel
occlusion, with a small or silent infarction or no infarction at all, perhaps because of
the presence of well-developed collateral vessels.
Unlike small plaques, which may be lipid-rich and prone to disruption,
severely stenotic plaques tend to be very fibrotic and stable.

The most important contribution to atherosclerotic plaque disruption
1.
2.
3.
4.

small atherosclerotic plaques are more prone to disruption than large ones
lipid - rich plaques are more prone to disruption than fibrotic ones
activity of macrophages
effects of stress on the vessel wall

Small atherosclerotic plaques are more prone to disruption than large ones
Over the past few years it has become apparent that coronary lesions with less
severe coronarographic stenosis is more prone to rapid progression to severe stenosis
or total occlusion and that this process may account for up to two thirds of the cases of
unstable angina or acute myocardial infarction.
Lipid - rich plaques are more prone to disruption than fibrotic ones
Plaques that undergo disruption tend to be relatively small and soft, with a high
concentration of cholesterol and its esters.
Mechanisms:
- Increased shear forces in the area of stenosis.
- Sudden changes in intraluminal coronary pressure or tone disruption.
- Bending and twisting of an artery during each heart contraction.
Activity of macrophages
The earliest lesions in human atherosclerosis are composed of:
- layers of macrophages or foam cells,
- lipid-laden smooth-muscle cells,
- scattered or confluent extracellular lipid.
With age, some of the lesions become fibrolipid, and prone to disruption,
whereas others become predominantly fibromuscular and more resistant to
disruption. In fibrolipid lesions macrophages (MAC) are also numerous.
Role of macrophages in atherogenesis and plaque disruption:
1. MAC participate in the uptake and metabolism of lipids  atherosclerotic plaque
formation,
2. MAC enhances of transport and oxidation of LDL cholesterol,
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3. MAC enhances the secretion of a mitogenic factor  proliferation of smooth
muscle cells and stimulation of plaque neovascularisation,
4. MAC enhances the generation of toxic products (free radicals ...),
5. MAC can release proteases (elastase and collagenase) that may digest, the
extracellular matrix  formation of an abscess like of lesions and contribute to
disruption of the plaque,
6. MAC can enhance local thrombogenesis.
Effects of stress on the vessel wall
Alterations in stresses on or within plaques may be important in their
disruption.

The pathogenesis of thrombus formation
Local and systemic factors present at the time of conorary plaque disruption
may influence the degree and duration of thrombus deposition, and account for the
various pathologic and clinical manifestations.
Local factors
a) Degree of plaque disruption
It is likely that when only the surface of the atherosclerotic plaque is
disrupted, the thrombogenic stimulus is relatively limited, resulting either in
mural thrombosis or in a thrombotic occlusion that is transient, as in unstable
angina.
Conversely, deep plaque disruption or ulceration exposes collagen, tissue
factor, and other elements of the vessel wall, leading to relatively persistent
thrombotic occlusion and myocardial infarction.
b) Degree of stenosis
Platelet deposition increases significantly with increased stenosis, indicating
shear-induced platelet activation.
c) Residual thrombus
Spontaneous lysis of thrombi appears to play a part in unstable angina as well as
in acute myocardial infarction (AMI).
A residual mural thrombus predisposes patients with unstable angina or AMI to
residual stenosis and to recurrent thrombotic vessel occlusion.
Three main factors contribute to the rethrombosis:
1. residual mural thrombus encroach into the vessel lumen  increased stenosis 
increased shear rate  activation and deposition of platelets,
2. residual thrombosis is one of the most powerfully thrombogenic surface
(probably because of high local thrombin activity on the surface),
3. enhancement of platelet and thrombin activity by the thrombolytic agents
themselves.
Systemic thrombogenic risk factors
Primary hypercoagulate or thrombogenic states of the circulation can favour
focal thrombosis (circulating catecholamines,cigarette smoke, hypercholesterolemia,
other metabolic abnormalities - plasma level of homocystein and lipoprotein),
defective fibrinolysis (high levels of plasminogen-activator inhibitor, high plasma
fibrinogen concentration, high level of factor VII).
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The pathogenesis of vasoconstriction of coronary artery
Coronary vasoconstriction has an important role in the pathogenesis of
ischemic heart disease.
In the acute coronary syndromes, vasoconstriction either may be a response to
deep arterial damage, or to plaque disruption, or may occur as a response to a mildly
dysfunctional endothelium.
If the endothelium has been injured or removed  platelet-dependent
vasoconstriction (mediated by serotonin and thromboxan A2) and thrombindependent vasoconstriction occur.
If the products of thrombosis reach the downstream vascular bed protected by
endothelium, distal relaxation and increased blood flow may be present.
Normal or dysfunctional endothelium and vasoconstriction
- In the past few year evidence has emerged that endothelial cells can release
mediators that prevent both platelet deposition and vasospasm (prostacyclin,
EDRF).
- Endothelial cells also release contracting factors (endothelin-1).
- Under physiologic condition, EDRF seems to predominate. An alteration in
the endothelium may cause the endothelial cells to generate more mediators
that enhance constriction and fewer mediators that enhance dilation. The result
is elevated vascular tone of atherosclerotic arteries.
The result of the mentioned pathogenetic processes is myocardial ischemia.
Myocardial ischemia develops if coronary blood flow or the oxygen content of
coronary blood is not sufficient to meet metabolic demands of myocardial cells.
Imbalance between blood supply and myocardial demand can result from a number of
conditions.
Supply is reduced by:
1. hemodynamic factors ( resistance in coronary vessels, hypotension,  blood
volume),
2. cardiac factors ( diastolic filling time,  heart rate, valvular incompetence, 
afterload),
3. hematologic factors ( oxygen content of the blood) valvular imbalance between
oxygen supply and myocardial demands may be a result of:
a) high afterload
b) low preload
c) increased thickness of myocardium
d) increased heart rate
The extent of myocardial ischemia depends on place (places) where the
coronary stenosis is localised. It may be very small (microischemia) but, very large
(essential part of left ventricle), too.
The intensity of myocardial ischemia may vary from very mild to very severe,
according to intensity and time of blood flow and oxygen supply deficit.
Myocardial ischemia may be only transient, or it lasts for a long time.

Development of ischemic injury in myocardium
Myocardial cells become ischemic within 10 sec. of coronary occlusion noflow ischemia (consequences:  production of ATP,  contractility,  catecholamines
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releasing, glycogenolysis, intracellular acidosis, extracellular hyperkalemia and
hyperkalemia, other ionic and metabolic disorders).
After several minutes of ischemia, the heart cells lose the ability to contract,
anaerobic processes take over, and lactic acid accumulates, myocytes are edematous,
content of glycogen is decreased, an ultrastructural changes can be seen.
Cardiac cells remain viable approximately 20 minutes under these conditions
and during this time they can be recovered if blood flow is restored. If myocardial
ischemia lasts longer then 20 minutes (hours), than irreversible changes of the cells
are seen (damage of lysosomes, mitochondria, cell membrane and death of cells).
Myocardial infarction occurs.
Extent and intensity of myocardial ischemia depends on collateral circulation
below the place of coronary occlusion. Collateral circulation is well developed when
partial occlusion of coronary arteries lasts for a long time, e.g. by stenotic plaque
without substantial disruption.

Functional consequences induced by ischemia of myocardial cells
Electrophysiological properties
Electrophysiological properties of myocardial cells are changed due to:
a) alteration of ionic homeostasis
b) accumulation of by-products of ischemic metabolism (anaerobic glycolysis, lipid
and purine metabolism)
c) reduction of the free energy hydrolysis of ATP
d) formation of free radicals
e) activation of autonomic reflexes
f) release of neurotransmitters
These changes lead to:
1. changes of rest membrane potential (RMP):  RMP due to  extracellular
+
concentration of K ,  PO2,  intra- and extracellular pH
2.  maximal speed of the action potential upstroke
3. changes of action potential duration
4. changes in excitability, refractoriness, and abnormal automaticity
5. cell - to - cell electrical uncoupling
6. changes in conduction
The results of the mentioned electrophysiological changes are alterations in
excitability, automaticity, refractoriness, and conduction; they contribute both to the
substrate and the trigger for ventricular arrhythmias.
Mechanical properties
Mechanical properties of ischemic myocard are changed, too. The strength of
contraction in the affected myocardial region is reduced. It started few second after
onset of ischemia:
- 3-5 min ischemia - muscle cells are unable to contract,
- 10-15 min ischemia - ischemic contracture develops.
At the same time the disturbance of myocardial relaxation is present
(ventricular compliance is reduced). Consequence of both described pathological
processes: stroke volume falls, minute volume falls, heart failure may develop.
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Reperfusion of the ischemic myocard
It may occur spontaneously or by therapy. If the previous ischemia did not last
long time, reperfusion can be successful.
Stunning and hibernation
But reperfusion after periods of ischemia brief enough to prevent necrosis,
results in impaired contractile force generation. This phenomenon is called stunning.
It persist for days to weeks after the ischemic event.
If the myocardium is subjected to low coronary flow (flow is not totally
stopped), than myocardium exhibits a reversible decrease in the force of contraction, a
phenomenon known as hibernation.
Mechanisms involved in the contractile abnormality of hypoxic, stunned and
hibernating myocard:
a) Intracellular phosphate accumulation (but not acidosis), correlated well with the
observed contractile failure in the hypoxic myocardium. Accumulation of Pi has
+
inhibitory effect on crossbridge cycling, so sensitivity of myofilaments to Ca2 is
decreased.
b) The lesion of excitation - contraction coupling in stunning also occurs at the
+
level of myofilament Ca2 responsiveness, but here neither Pi nor pHi can be
implicated, because each of them quickly returns to normal level during
reperfusion.
+
c) The results indicate that a decrease in Ca2 transients underlies the contractility
dysfunction of myocardial hibernation. Unlike stunned myocardium, no decrease
+
in myofilament Ca2 responsiveness need to be postulated here.

Forms of ischemic heart disease
Depending on underlying pathological processes in the coronary arteries one
can see different clinical manifestation of myocardial ischemia.
Acute forms
1. labile (not stabile) angina pectoris
2. intermediary coronary syndromes
3. acute myocardial infarction
4. sudden cardiac death
Chronic forms
1. stabile angina pectoris
2. IHD with arrhytmias
3. IHD clinically asymptomatic
4. state after myocardial infarction
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HEART FAILURE
M. Tatár

Determinants of cardiac output
Cardiac output (CO) = heart rate (HR) x stroke volume (SV)
CO can be held remarkably constant despite alterations in one variable by
compensatory adjustments in the other variable.
Control of HR
- the autonomic nervous system innervates the SA node and the VA node
- sympathetic system predominates
Control of SV
SV is dependent on three variables:
1. Preload (Starling´s low of the heart)
2. Contractility
3. Afterload
Preload
Starling´s law states that stretching the myocardial fibres during diastole by
increasing end-diastolic volume will increase the force of contraction during systole.
The degree of stretch is expressed in terms of preload (diastolic fibre length before
contraction). Depends on venous return, which is influenced by circulating blood
volume and venous tone.
Stretching the sarcomere maximises the number of interaction sites available
for actin-myosin linkage. The optimal sarcomere length is 2.2 m, they are extremely
resistant to overstretching.
Increased preload will increase the force of contraction and, consequently,
the volume of blood ejected from the ventricle.
Contractility or inotropic state
Refers to changes in the developed force of contraction that occur independent
of changes in myocardial fibre length.  contractility is the result of intensification of
the interactions at the actin-myosin cross-bridges in the sarcomere. Intensity of those
interactions relates to the intracellular concentration of free Ca2+ ions, which is
regulated by catecholamines and positive inotropic drugs.
Enhanced contractility = shifting the entire ventricular function curve upward
and to the left.
Factors depressing myocardial function (acidosis, hypoxia) shift the curve
downward and to the right.
Afterload
Amount of tension the ventricle must develop during systole to open the
semilunar valve and eject blood.
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Laplace relationship:
intraventricular pressure x radius
wall tension = ----------------------------------------------ventricular wall thickness
Elevation of arterial pressure increases the resistance to ventricular ejection.
Increase of ventricular size  ventricle must develop more tension during
systole to eject blood.
As the ventricle hypertrophies, proportionally less wall tension must be
developed to eject blood.

Congestive heart failure
Cardiac mechanical dysfunction is considered relative to its effect on the
three primary determinants of myocardial function: preload, contractility, and
afterload.
Preload
Increasing preload, up to a point, optimises the overlap between actin and
myosin filaments, increasing the force of contraction and CO. At the summit of the
ventricular function curve, a plateau or flattening is observed when additional
increments in ventricular volume are not associated with improved performance.
Depression of ventricular function curve (failing ventricle) signifies that the
failing ventricle requires higher volumes to achieve the same improvement of CO that
the normal ventricle achieves with lower ventricular volumes.
Pronounced flattening of the curve seen with failure indicates limited cardiac
reserve.
Contractility
In most forms of heart failure, the ventricular function curve is depressed =
depression of myocardial contractility.
Afterload
Factors such as arterial vasoconstriction or fluid retention increase afterload.
Failing heart is particularly sensitive to the increase in afterload, due to its
limited cardiac reserve.

Definition
Heart failure or cardiac failure is the pathophysiologic condition in which the
heart as a pump is unable to meet the metabolic requirements of the tissues for blood
(venous return is either normal or increased).
Myocardial failure refers specifically to abnormalities in myocardial function;
commonly leads to heart failure, but circulatory compensatory mechanisms can delay
progression to failure of the heart as a pump.

105

Circulatory failure is more general than the term heart failure. This
encompassed any abnormality of the circulation responsible for the inadequacy in
tissue perfusion (alterations in blood volume, vascular tone, and the heart).
Congestive heart failure = circulatory congestion resulting from heart failure
and its compensatory mechanisms.

Etiology
Heart failure include conditions that increase preload (aortic regurgitation,
ventricular septal defect), increase afterload (aortic stenosis, systemic hypertension),
reduce myocardial contractility (myocardial infarction, cardiomyopathies), or
interference with ventricular filling (valve stenosis, constrictive pericarditis, cardiac
tamponade).
The preside defect that produces the impairment in myocardial contractility is
unknown. Mechanisms may be responsible:
1. abnormality in the delivery of calcium within the sarcomere,
2. abnormalities in the synthesis or function of the contractile proteins,
3. decreased activity of myosin and sarcotubular ATP-ase,
4. abnormalities in the catecholamine metabolism,
- concentration of norepinephrine in myocardium,
- amount of 1 receptors,
5. depletion of ATP.

Causes of heart pump failure
Mechanical abnormalities
1. Increased pressure load
a) Central (aortic stenosis)
b) Peripheral (systemic hypertension)
2. Increased volume load
- valvular regurgitation
3. Obstruction to ventricular filling
- valvular stenosis, pericardial restriction
Myocardial damage
1. Primary
a) Cardiomyopathy
b) Myocarditis
c) Toxicity (alcohol)
d) Metabolic abnormalities (hyperthyreoidism)
2. Secondary
a) Oxygen deprivation (coronary heart disease)
b) Inflammation (increased metabolic demands)
c) Chronic obstructive lung disease
Altered cardiac rhythm
1. Ventricular fibrillation
2. Extreme tachycardias
3. Extreme bradycardias
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Pathophysiology
Basic mechanisms
Depressed contractility reduces stroke volume and elevates residual
ventricular volume  increase in ventricular end-diastolic pressure  elevation of
atrial pressure  transmitted backward into the pulmonary vasculature or systemic
vasculature  fluid transudation into the intersticium  pulmonary edema or
systemic edema.

Compensatory response
Primary compensatory mechanisms:
1. increased sympathetic adrenergic activity
2. increased preload secondary to activation of the renin-angiotensin-aldosteron
system
3. ventricular hypertrophy
These mechanisms may be sufficient to maintain CO at normal or near
normal levels early in the course of failure and in the resting state. As the failure
progresses, compensation becomes less effective.
Increased sympathetic adrenergic activity
- the fall in stroke volume   CO  baroreflex and hypoxemic CNS response 
 release of catecholamines,
- tachycardia and  contractile force,
- peripheral arterial vasoconstriction  redistribution of blood volume away from
the skin, skeletal muscles, GIT and kidneys,
- increased venous return -  preload,
- heart becomes increasingly dependent on catecholamines to maintain ventricular
performance,
- eventually, failing ventricle becomes less responsive to catecholamine stimulation.
Activation of the renin-angiotensin-aldosterone system
- renal retention of sodium and water   preload
- mechanism of activation
a) sympathetic stimulation of juxta-glomerular apparatus
b) fall in renal blood flow   GFR
- in severe heart failure: impair hepatic metabolism of aldosterone
Ventricular hypertrophy
- increased number of sarcomeres within the cardiomyocytes
1. pressure load  sarcomeres develop in parallel
2. volume load  sarcomeres arranged in series
Negative effects of compensatory responses
- eventually they can produce  cardiac work, and worsen the degree of failure,
- fluid retention: pulmonic and systemic venous congestion  edema formation,
- arterial constriction:
a) impaired perfusion in the affected vascular beds   urine output, weakness
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b)  afterload,
increase of myocardial O2 demand by symphatetic stimulation and hypertrophy if
corresponding O2 supply is not gained  myocardial ischemia  myocardial
burden and perpetuation of the underlying failure.

Dynamics of the circulation in cardiac failure
Acute effects of moderate cardiac failure
If a heart suddenly becomes severely damaged, such as by myocardial
infarction, the pumping ability of the heart is immediately depressed. As a result, two
essential effects occur: reduced, cardiac output and damming of blood in the veins,
resulting in increased systemic venous pressure. Point A (fig. 2) on a normal cardiac
output curve is the normal operating point, with a normal cardiac output under resting
conditions of 5 litres/minute and a right atrial pressure of 0 mm Hg.
Immediately after the heart becomes damaged, the cardiac output curve
becomes greatly reduced. Within a few seconds, a new circulatory state is established
at point B. This low cardiac output is still sufficient to sustain life, but it is likely to be
associated with fainting. Stage lasts for only a few seconds; sympathetic reflexes
occur immediately.

Compensation for acute cardiac failure by sympathetic reflexes
When the cardiac output falls, baroreceptor reflex and the central nervous
system ischemic response are activated. The sympathetics become strongly stimulated
within a few seconds: it has two major effects on the circulation: first, on the heart
itself and, second, on the peripheral vasculature. If all the heart musculature is
diffusely damaged but is still functional, sympathetic stimulation strengthens this
damaged musculature. If part of the muscle is totally nonfunctional, while part of it is
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still normal, the normal muscle is strongly stimulated by sympathetic stimulation, in
this way compensating for the nonfunctional muscle.
Sympathetic stimulation also increases the tendency for venous return, for it
increases the tone of most of the blood vessels of the circulation, especially of the
veins, raising the peripheral venous pressures . Therefore, the damaged heart
becomes primed with more inflowing blood than usual, and the right atrial pressure
rises still further, which helps the heart pump larger quantities of blood. The new
circulatory state is depicted by point C.

The chronic stage of moderate cardiac failure
After the first few minutes of an cute heart attack, a prolonged secondary state
begins. This is characterised mainly by two events:
1) retention of fluid by the kidneys
2) usually progressive recovery of the heart itself over a period of several
weeks to months.
Renal retention of fluid and increase in blood volume. A low CO has a profound
effect on renal function. The urinary output remains reduced as long as the cardiac
output is significantly less than normal.
Beneficial effects of moderate fluid retention in cardiac failure
Although many cardiologists formerly considered fluid retention always to
have a detrimental effect in cardiac failure, it is now known that a moderate increase
in body fluid and blood volume is actually a very important factor helping to
compensate for the diminished pumping ability of the heart. It does this by
increasing the tendency for venous return.
If the heart is not too greatly damaged, this increased tendency for venous
return can often fully compensate for the hearts diminished pumping, that if the heart
pumping ability is reduced to as little as 40 to 50 per cent of normal, still the increased
venous return can cause an entirely normal cardiac output.
On the other hand, when the heart maximum pumping ability is reduced to less
than 25 to 45 per cent of normal, the blood flow to the kidneys becomes too low for
the urinary output. Therefore, fluid retention begins and will continue indefinitely.
Furthermore, because the heart is already pumping at its maximum pumping capacity,
this excess, fluid no longer has a beneficial effect on the circulation.
Detrimental effects of excess fluid retention in the severe stages of cardiac failure
In severe failure with extreme excesses of fluid retention, the fluid then begins
to have very serious physiological consequences, including overstretching of the
heart, filtration of fluid into the lungs to cause pulmonary edema and consequent
deoxygenation of the blood.
Recovery of the myocardium following myocardial infarction
After a heart becomes suddenly damaged as a result of myocardial infarction,
the natural reparative processes of the body begin immediately to help restore normal
cardiac function: a new collateral blood supply and undamaged musculature
hypertrophies. Ordinarily, after myocardial infarction the heart recovers rapidly
during the first few days and weeks and will have achieved most of its final state of
recovery within 5 to 7 weeks.
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Cardiac output curve after partial recovery
By this time, considerable fluid also has been retained in the body, and the
tendency for venous return has increased markedly, the right atrial pressure has risen
even more. The state of the circulation is now changed from point C to point D.
Because the cardiac output has returned to normal, renal output also will have
returned to normal, and no further fluid retention will occur. The person now has
essentially normal cardiovascular dynamics as long as he remains at rest. If the heart
itself recovers to a significant extent and if adequate fluid retention occurs, the
sympathetic stimulation gradually abates toward normal.

Compensated heart failure
The dynamics of circulatory changes following an acute moderate heart attack
may be divided into the stages:
1. the instantaneous effect of the cardiac damage
2. compensation by the sympathetic nervous system
3. chronic compensation resulting from partial cardiac recovery and renal retention
of fluid. This final state is called compensated heart failure.
Note especially in Fig. 2 that the pumping ability of the heart, as depicted by
the cardiac output curve, is still depressed to less than one half normal. This illustrates
that factors that increase the right atrial pressure (principally the increased blood
volume caused by retention of fluid) can maintain the cardiac output at a normal level
despite continued weakness of the heart itself. Many persons, especially in old age,
have completely normal resting cardiac outputs but mildly to moderately elevated
right atrial pressures because of compensated heart failure. These persons may not
know that they have cardiac damage. Any attempt to perform heavy exercise will
usually cause immediate return of the symptoms of acute failure because the heart
simply is not able to increase its pumping capacity to the levels required to sustain the
exercise. The cardiac reserve is reduced in compensated heart failure.

Dynamics of severe cardiac failure - decompensated heart failure
If the heart becomes severely damaged, no amount of compensation, can make
this weakened heart pump a normal CO. As a consequence, CO cannot rise to a high
enough value to bring about return of normal renal function. Fluid continues to be
retained, the person develops progressively more and more edema, and this state of
events eventually leads to death. This is called decompensated heart failure.Thus, the
main basis of decompensated heart failure is failure of the heart to pump sufficient
blood to make the kidneys function adequately.
Fig. 3 illustrates a greatly depressed cardiac output curve, depicting the
function of a heart that has become extremely weakened and cannot be strengthened.
Point A represents the state of the circulation before any compensation has occurred,
and point B the state after the first few minutes of sympathetic stimulation. The
person appears to be in reasonably good condition, but this state will not remain static
for the following reason: The CO has not risen quite high enough to cause adequate
kidney excretion of fluid. At any CO below the critical cardiac output level, all the
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fluid-retaining mechanisms remain in play, and the body fluid volumes increase
progressively. Because of this progressive increase in fluid volume, the state of the
circulation changes from point B to point C. The CO in still not high enough to cause
normal renal output of fluid.
After another few days of fluid retention, the right atrial pressure has risen still
further, but by now the cardiac function curve is beginning to decline toward a lower
level. This decline is caused by overstretch of the heart, edema of the heart muscle,
and other factors that diminish the pumping performance of the heart. It is now clear
that further retention of fluid will be more detrimental than beneficial to the
circulation. Within a few days the state of the circulation has reached pont F. This is a
state that now has reached incompatibility with life, and the patient dies.
In many instances after acute heart attacks, and even sometimes after
prolonged periods of slow progressive cardiac deterioration, the heart becomes
incapable of pumping even the minimal amount of blood flow required to keep the
body alive. Consequently, all the body tissues begin to suffer and even to deteriorate,
often leading to death within a few hours to a few days. The picture then is one of
circulatory shock - called cardiogenic shock.

Diastolic heart failure
Pumping function of the failing heart can be reduced not only during systolic
phase, but also diastolic filling of the heart is impaired. Two aspects of the heart
diastolic characteristics are described: relaxation and stiffness.
Relaxation is a dynamic process that begins at the termination of contraction
and the place during the phases of isovolumetric relaxation and early ventricular
filling. In contract to these early diastolic events, diastolic stiffness is measured at end
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diastole, generally after filling has terminated. Ventricular diastolic dysfunction can
be defined from the slope of the pressure-volume curve at any level of filling process.
Causes of diastolic dysfunction:
1. Myocardial damage by pathological processes
a) amyloid infiltration, fibrosis
b) myocardial ischemia
2. Acute volume overload due to acute aortic or mitral regurgitation (rise in filling
pressure)
3. Extrinsic compression of the ventricle (cardiac tamponade, pericardial restraint)
Slowing ventricular relaxation depends on the reduced rate of actin-myozin
cross-bridge inactivation, which is in relation with the rate of uptake of cytoplasmic
2+
Ca by the sarcoplasmic reticulum. This energy dependent process may be slowed by
a reduction of intracellular ATP. Presumably this mechanism is responsible for the
slowed relaxation characteristic of acute ischemia. The elevation of the end-diastolic
pressure, i.e. the stiffness of the left ventricle, is frequently altered in chronic heart
diseases. Myocardial stiffness may be altered in the presence of myocardial
hypertrophy secondary to pressure overload.
Clinical implications
The impairment of cardiac relaxation can interfere with ventricular filling.
This situation constitutes major hemodynamic abnormality in hypertrophic
cardiomyopathy. Impaired cardiac relaxation occurs also in reversible myocardial
ischemia. The subendocardial ischemia that is characteristic of severe concentric
hypertrophy intensities the failure of relaxation. At any given diastolic volume
ventricular end-diastolic pressure rise. Tachycardia intensifying ischemia, exaggerates
this diastolic abnormality.
Although a defect in ventricular emptying (systolic dysfunction) is the most
common form of heart failure, there is increased evidence that in the presence of
ventricular hypertrophy diastolic dysfunction may play a dominant role. There is
evidence that many patients with the usual forms of clinical heart failure have normal
or near-normal systolic function, with symptoms related primarily to diastolic
dysfunction. The contribution of atrial contraction to ventricular filling is particularly
important in conditions in which ventricular stiffness is increased.

Clinical manifestations of heart failure
1. Forward failure: symptoms resulting from inadequate CO (weakness, fatigue,
dyspepsia,  urine production)
2. Backward failure: symptoms resulting from backup of blood behind the failing
ventricle (pulmonary congestion, systemic edema)
Impaired function of one ventricle eventually interferes with function of the
other ventricle. Extreme dilation of one ventricle progressively compresses the other
ventricle within the pericardium. The ventricles share common biochemical changes
in failure. However, the terms right and left heart failure may be used to refer to a
complex of symptoms corresponding to failure of a particular ventricle.

112

Signs and symptoms
Initially, they appear only with exertion; as failure progresses, exercise
tolerance diminishes and symptoms are manifest with lesser degree of activity.
Backward failure of the left ventricle:
- dyspnea (air hungry) produced by pulmonary vascular congestion   lung
compliance
- nonproductive cough produced by pulmonary congestion
Backward failure of the right ventricle:
- elevation of jugular venous pressure
- positive hepatojugular reflux
- hepatomegaly
- anorexia
- peripheral edema
Forward failure of the left ventricle:
- skin pallor
- cyanosis
- muscle fatigue
- changes in mental status
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ELECTROCARDIOGRAPHIC INTERPRETATION
M. Tatár

Rhytm
The SA node (sinus node) is the heart normal pacemaker, so its normal,
regular rhythm is called sinus rhythm. Its characteristics:
a) Normal mean P vector - upright P waves in leads I and aVF or I and II.
b) Each P wave must be followed by a QRS complex.
c) The PR interval is in normal range (0.12 to 0.2 sec) in duration and it is constant
from beat to beat.
d) The rate is constant between 60 to 100 beats per min.

Heart rate (cycles per minute, HR)
The determination of heart rate from the ECG depends on the speed of the
paper. The usual speed of the paper is 25 mm (five large boxes) per second. The ECG
is recorded on lined paper that consists of large and small boxes. Each large box
measures 5 mm, and each small box 1 mm. At the paper speed of 25 mm/sec., each
large box represents 0.2 sec. and each small box 0.04 sec.
All that is necessary to determine HR when the rhythm is regular is to count
the number of large boxes between two QRS complexes and divide into 300. When
the HR is 150/min, the interval is two large boxes between two QRS complexes (300
÷ 2). This determination is facilitated if you start the count with a QRS complex that
falls on a heavy line.

Summary:
__________________________________________
Interval ( of large boxes)
between 2 QRS complexes
Rate/min
__________________________________________
1
300 (300  1)
2
150 (300  2)
3
100 (300  3)
4
75 (300  4)
5
60 (300  5)
6
50 (300  6)

Simple count the number of large boxes and any fraction, and divide into 300
for the HR. When the rhythm is irregular, you have to count numerous QRS complex
to arrive at the proper average.
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Electrical axis of QRS
The cardiac vectors: the term vector refers to force. In electrocardiography it
refers to electrical force. An arrow represents a vector where both size and direction
are easily demonstrated. Within a period of 0.08 sec. both ventricles are depolarised.
During this single QRS interval, sequential instantaneous vectors are generated. The
greater the muscle mass, the bigger the arrow will be.
The mean QRS vector is the vector sum of all the instantaneous vectors within
a single QRS interval. Because of common usage, the terms mean electrical axis;
electrical axis or simply “axis” of the QRS is used. Determination of the mean QRS
vector (see fig. 4 and 5).
In the normal adult the mean QRS vector is usually between 0 and 90, that
is, the mean QRS vector is normally between leads I and aVF. From 0 to -90 is left
axis deviation and from 90 to 180 is right axis deviation. The area from -90 to
180 has usually been described as extreme right axis deviation.

Waves, intervals, segments determination
1. P wave : atrial depolarisation; no longer than 0.1/sec.
- in normal sinus rhythm is usually positive in leads I, II ad aVF; usually
negative in aVR and may be negative in III, V1
2. PR interval: duration from 0.12 to 0.21 sec.
3. QRS complex: ventricular depolarisation; from 0.06 to 0.10 sec.
4. ST segment: 1 mm depression is regarded as normal.
5. T wave: ventricular repolarisation; usually is positive,in aVR negative.
6. QT interval: depolarisation and repolarisation of ventricles (electric systole)
duration: from 0.36 to 0.44 sec, it is rate - dependent.
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ARRHYTHMIAS INDUCED BY DISTURBANCES IN IMPULSE
CREATION
J. Hanáček

Definition
Arrhythmia (dysrhythmia) means abnormal rhythm, any variance from a
normal sinus rhythm of the heart
The arrhythmia may be divided into a few general categories:
1. irregular rhythms
2. "escape" and premature beats
3. rapid ectopic rhythms
4. heart blocks
This part will deal with first, second and third categories.
Some information on heart electrophysiology
- Be sure, that if you like to understand the arrhythmias you must first be familiar
with the normal electrophysiology of the heart.
- The SA node (sinus node) normally acts as pacemaker and sets the heart rate of
60 to 100 beats/min.
- Other areas of the heart have the ability to pace if the normal (SA node)
pacemaking mechanism fails. Because these focal centres of potential pacemaking
activity originate in other areas of the heart, they are referred to as "ectopic foci".
- Ectopic foci = focal concentration of cells which can initiate and maintain
pacemaking stimuli. Under normal condition these ectopic foci of potential
pacemakers are electrically quiet and not function. (That’s why we call them
"potential" pacemakers)
- In emergency or certain pathological conditions the ectopic foci in any part of
heart may suddenly discharge at a rapid rate.
- All the arrhythmias may be easily mastered simply by understanding the normal
electrophysiology of the heart and realising the existence of ectopic foci. As each
of the arrhythmias is presented, visualise what is taking place in the heart
(electrically), and interpretation of the tracing becomes an easy matter.

1. Arrhythmias induced by irregularity of pacing or multiple sources of
pacing
The irregular rhythms are those rhythms with generally inconsistent
irregularity.
Sinus arrhythmia
- Irregular rhythm related to the phases of respiration ( rate with inspiration,  rate
with expiration).
- Because all impulses originate in the SA node, all P waves are identical.
- P-QRS-T waves of each cycle are usually normal.

118

Wandering pacemaker
- Irregular rhythm caused by pacing discharges from a variety of different atrial
foci.
- P wave shape varies because atria are depolarised from different points.
- This rhythm should exceed a rate 100/min, it is than called multifocal atrial
tachycardia.
- P-QRS-T waves of each cycle are usually normal.
Atrial fibrillation
- Irregular rhythm caused by the continuous, rapidfiring of multiple foci in the
atria. No single impulse depolarises the atria completely, and only an occasional
impulse gets through the AV node to stimulate the ventricle, producing an
irregular function of ventricles. The irregular ventricular responses may produce
a rapid or slow ventricular rate, but it is always irregular.
- No real P´s but multiple ectopic atrial spikes (f waves) are present.
- QRS complex has usually normal shape because ventricles are depolarised by
normal way.
- Under these condition atrial hemodynamic function is absolutely ineffective.
Atrial flutter
- Originates in an atrial ectopic focus which fires at a rate of 250 - 350 to produce a
rapid succession of atrial depolarisation.
- Because there is only one ectopic focus discharging, each flutter wave looks
identical to all the others.
- It is only the occasional atrial stimulus which will penetrate through the AV node,
so there are a few flutter waves in series before a QRS response is seen.
- Because the flutter waves are identical, they are described as having the
appearance of the teeth of a saw.
- In atrial flutter you can find usually regular function of ventricles. If physiological
AV block is changed during atrial flutter, than function of ventricles can be
irregular.
- Under certain conditions all atrial flutter waves can penetrate through the AV
node to ventricles and cause ventricular tachycardia (deblocked atrial flutter).

2. Arrhythmias induced by "escape" and premature beats
Sinus arrest occurs when a sick SA node´s pacemaking activity suddenly is
"arrested" and does not send out pacemaking stimuli, so a new pacemaking area
(focus) assumes the pacing responsibility. This new pacemaker operates at its
inherent rate, which is usually slower than the rate of the arrested SA node.
"Escape" describes the response (of a focus) to a pause in pacemaking
activity. When an unhealthy SA node fails to produce a normal, regular stimulus
(sinus block), the heart remains temporally silent. After such a pause of cardiac
nonactivity an ectopic focus (localised in atria, AV junction or in ventricular
junctional system) may escape (respond) by discharging an escape beat. The
temporarilly blocked SA node eventually resumes pacing, but if SA node pacing is
"arrested", than an ectopic focus will have to assume pacing responsibility for a
longer time (escape rhythm).
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Atrial escape beat
- A pause in the SA node pacing may induce an atrial ectopic focus to "escape" to
fire an atrial escape beat.
- Because P wave originates ectopically, it usually does not look like the other P
waves (but a normal QRS response follows).
- The "escaped" beat is preceded by longer diastolic pause than you can see in
previous normal sinus rhythm.
Atrial escape rhythm
If the atrial ectopic focus attains pacemaking status, this becomes an atrial
escape rhythm.
(AV) junctional escape beat
After a pause in SA node pacing, a junctional escape beat may originate in a
focus within the AV junction and stimulate the ventricles via the ventricular
conduction system yielding a normal QRS. If the ectopic junctional focus attains
pacemaking status, this becomes a junctional escape rhythm (also called
"idiojunctional rhythm) at its inherent rate of 40-60/min.
Occasionally the junctional focus may produce inverted P waves (by
retrograde atrial stimulation from below) which occur just before or just after QRS of
ectopic junctional origin.
Ventricular escape beat
It originates in a ventricular ectopic focus (in right or left ventricle) which fires
an impulse because of an absence of cardiac activity from above.
- Any time a ventricular ectopic focus discharges giant ventricular complex records
on ECG as the ventricle slowly depolarise.
- If the ectopic ventricular focus attains pacemaking status, this becomes a
ventricular escape rhythm (or "idioventricular rhythm") at the rate 2040/min.This rate may be so slow that unconsciousness and cramps, at the
beginning an asystolia may be present (Stokes-Adams syndrome).
Premature beats
A premature beat originates in an ectopic focus which suddenly discharges,
producing a beat, which appears earlier than expected in the rhythm. Escape beat appears later than expected in the rhythm. Premature beat - appears earlier than
expected in the rhythm.
A premature beat can originate in an ectopic focus localised in atria, AV
junction, or ventricles.
Premature atrial beat
Originates suddenly in an atrial ectopic focus and produces an abnormal P wave
earlier than expected. QRS complex is normal, because the premature impulse is
transmitted to the ventricles through the normal ventricular conduction system.
Premature junctional beat
It is produced by a sudden discharge from an ectopic focus in the AV
junction, so the impulse continues down the ventricular conduction system pathway.
Therefore one usually notices a normal appearing QRS which occurs very early and is
generally not preceded by a P wave.
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The AV junctional ectopic focus can send an impulse upward to stimulate the
atria from below - retrograde conduction. When it occurs, this backwards atrial
depolarisation may create an inverted P wave which can appear just before or just
after the QRS, or this peculiar inverted P wave may be mixed in with the QRS
complex.
Premature ventricular contraction (premature ventricular beat)
It originates suddenly in an ectopic focus in a ventricle producing a giant
ventricular complex.
- Depolarisation of the premature ventricular contraction (P.V.C.) does not follow
the usual ventricular conduction system pathway, therefore conduction is slow
(very wide QRS)
- P.V.C. originates in one ventricle, which depolarises before the other, so the
deflections of a P.V.C. are very tall and very deep - no simultaneous opposing
depolarisation from opposite sides.
- The P.V.C. is a much taller and deeper (as well as wider) complex than the
normal QRS.
- There is a compensatory pause after P.V.C.
Interpolated P.V.C.´s are somehow sandwiched between the normal beats of a
tracing, producing no compensatory pause and no disturbance in the normal regular
rhythm.
Unifocal P.V.C.´s - in given lead P.V.C.´s are identical, because they originate
from the same focus.
Multifocal P.V.C. s - in given lead P.V.C.´s is not identical, because they
originate from the different ventricular foci. This disturbance is more dangerous than
unifocal P.V.C.´s. P.V.C.´s may become coupled with one ore more normal cycles to
produce ventricular bigeminy, ventricular trigeminy, etc.
- When a P.V.C. becomes coupled with a normal cycle, this is called ventricular
bigeminy as this pattern recurs with each normal cycle.
- If you were to see a P.V.C. apparently coupled with two normal cycles and the
pattern repeated itself many times, one could call these runs of ventricular
trigeminy.
Ventricular parasystole is a dual rhythm caused by two pacemakers, one of
which is in ventricular ectopic focus (the other is usually the SA node). This ectopic
focus produces P.V.C. - like QRS complexes at a generally slow rate, but when
associated with another (supraventricular) rhythm, this is known as ventricular
parasystole.
A single ventricular ectopic focus may fire once, or it may fire a series of
successive impulses to produce a run of P.V.C.´s. A run of three or more P.V.C.´s in
rapid succession is called a run of ventricular tachycardia.
If a P.V.C. falls on a T wave, it occurs during a vulnerable period and
dangerous arrhythmias may result (this is called "R on T" phenomenon).

3. Rapid ectopic rhythms
Rapid ectopic rhythms originate in an ectopic focus, which is pacing rapidly.
Sometimes more than one focus is involved.
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The rates of rapid ectopic rhythms are:
paroxysmal tachycardia
: 150 to 250/min
flutter
: 250 to 350/min
fibrillation
: more than 350/min
Paroxysmal tachycardia
Means sudden onset of rapid heart rate (sinus tachycardia is not a paroxysmal
tachycardia). Paroxysmal tachycardia usually arises spontaneously from an ectopic
focus, which fires impulses in rapid succession.
Paroxysmal atrial tachycardia (P.A.T.) is caused by the sudden, rapid firing
of an ectopic atrial pacemaker.
- Because the focus is ectopic, the P waves in P.A.T. usually do not look like the
other P waves (before the tachycardia) in the same lead.
- Each ectopic impulse stimulates the whole atria and than is conducted down the
normal ventricular conduction system pathway, yielding normal appearing QRS
cycles.
- In paroxysmal atrial tachycardia with AV block there is more than one P wave
spike for every QRS complex.
Paroxysmal junctional tachycardia (P.J.T.) is caused by the sudden, rapid
pacing of an ectopic focus in the AV junction. As with premature junctional beats the
QRS complexes may appear slightly wider than normal in P.J.T. because of aberrant
ventricular conduction.
As mentioned earlier, ectopic foci in the AV junction have strange way of
stimulating the atria from below by retrograde conduction. This may produce inverted
P waves, which can appear immediately before or just after each QRS complex in the
tachycardia.
P.A.T. and P.J.T. may occur at such a rapid rate that the P waves run into
preceding T waves and appear like one wave. This makes the differentiation of these
two tachycardias very difficult. So, if we cannot make a distinction between the two,
we can just say "supraventricular tachycardia".
Paroxysmal ventricular tachycardia is produced by a rapidly discharging
ventricular ectopic focus. It has a characteristic pattern with enormous P.V.C. - like
ventricular complexes.
- Sudden runs of ventricular tachycardia appear like a rapid series or run of P.V.C.´s
(which in reality it is).
- Although the atria still depolarise regularly at their own inherent rate, distinct P
waves are only occasionally seen. This independent atrial and ventricular pacing is
known as AV dissociation.
Ventricular flutter
is produced by a single ventricular ectopic focus firing at the extremely rapid
rate 250 to 350/min.
- This extremely fast rate is dangerous (fibrillation can onset  heart failure).
- Make certain that you can recognise the smooth sine wave appearance of the
waves (appearance is as important as rate). Ventricular flutter deteriorates into
deadly arrhythmias (ventricular fibrillation).
- Ventricle cannot be filled at a rate 250-350/min, so there is virtually no
ventricular filling. For this reason there is no effective cardiac output and
coronary arteries are not receiving blood at this rate.
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Ventricular fibrillation
It is caused by rapid-rate discharges from many ventricular ectopic foci
producing an erratic, rapid twitching of the ventricles (rate 350 and more).
- This erratic twitching is often called a "bag of worms".
- There is no effective cardiac pumping.
- Ventricular fibrillation is a type of cardiac arrest.
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ARRHYTHMIAS CAUSED BY HEART BLOCKS
J. Hanáček

Definition
Heart blocks are electrical blocks which retard (or prevent) the passage of
electrical (depolarisation) stimuli through the heart. Heart block can occur in the SA
node, AV node, or in the larger sections of the ventricular conduction system.
According to location and intensity of heart block we can distinguish:
1. sinus block
2. atrioventricular block:
a) first degree AV block
b) second degree AV block
c) third degree block
3. bundle branch block:
a) left bundle branch block
b) right bundle branch block
The same patient may have more than one type of block. To this kind of
arrhythmias belongs accelerated transmission of impulse from atria to ventricles Wolf - Parkinson - White syndrome.

Sinus block
An unhealthy sinus node (SA node) may temporarily fail to pace for at least
one cycle, but than it resumes pacing = sinus block. After the pause pacing resume at
the same rate (and timing) as prior to the block, as the SA node resumes pacing
activity. However, the pause may evoke an escape beat from an impatient ectopic
focus before SA node pacing can resume.

Atrioventricular block
AV block, when minimal, delays the impulse (from the atria) within the AV
junctional system, making a longer-than-normal pause before stimulating the
ventricles. More serious AV block may totally stop some (or all) atrial stimuli from
reaching the ventricles.
Main causes of AV blocks are:
- hypoxia  it decreases resting membrane potential of the cells  the conduction
properties of these cells are worse than in normal cells
- inflammation  changes in micro-environment of cells forming conduction
system; changes of resting membrane potential of the cells; changes of
extracellular ions concentration
- degenerative processes
- vagus nerve stimulation
First degree AV block
The delay of first degree AV block prolongs the P-R interval more than 0.2 sec
on ECG. The amount of P-R prolongation is consistent with each cycle. A first-degree
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AV block is present when the P-QRS-T sequence is normal, but the P-R interval is
prolonged the same amount in every cycle.
From these characteristics of the block is clear, that normal sinus rhythm is
not disturbed. Longer time between depolarisation of atria and depolarisation
ventricles results in better filling of ventricles with blood.
Second degree AV block
First type of 2nd AV block is called Wenckebach phenomenon.
It is characterised by gradually lengthening the P-R interval until the AV
node is not penetrated (no QRS after P wave). The Wenckebach phenomenon
(pronounced Winky-bok) occurs when the AV block prolongs the P-R interval
progressively with each succeeding cycle. The P-R interval becomes gradually longer
from cycle to cycle until the final P wave does not elicit a QRS response. This series
repeats.
Wenckebach phenomenon is also referred to as Mobitz I. AV block. Ratio
between number of atrial and ventricular depolarisation’s in Wenckebach
phenomenon can be expressed as: 3 : 2; 4 : 3; 5 : 4 etc., generally n : n-1.
Second type of 2nd AV block is called Mobitz II.
Mobitz II is noted when an occasional ventricular depolarisation (QRS) is not
conducted after a normal P wave, and there are generally normal, uniform P-R
intervals in the proceeding and following cycles. Mobitz II block often heralds more
serious conduction problems with progressively more involved blocking of ventricular
conduction.
A Mobitz II 2nd AV block may appear as two P waves (at a normal rate!) to
one QRS response often referred to as 2 : 1 AV block. Sometimes a Mobitz II AV
block can require 3 atrial depolarisation’s (normal rate) to elicit a single ventricular
response; this is written 3 : 1 AV block. Poor conduction ratios (e.g. 3 : 1, 4 : 1, etc.)
relate to increased severity of the block and are sometimes called "advanced" Mobitz
II AV block.
Third degree AV block = complete AV block
This block occurs when none of atrial impulses can get to the ventricles (no
ventricular response). The ventricles must be paced independently from the focus
located under the place of block. When ventricle are not stimulated from above, then
they (or AV junction) call into action an ectopic pacemaker.
In complete AV block there is an atrial rate and an independent ventricular
rate. If the QRS´s appear generally normal, the rhythm is said to be "idiojunctional"
(junctional pacemaker) impulses go through the normal ventricular conduction system
and ventricles are depolarised in the normal direction). If the ventricular complexes
are P.V.C. - like, than the rhythm is called "idioventricular" (ventricular pacemaker).
The location of the ectopic focus (pacemaker) is sometimes assumed by
ventricular rate, i.e., ventricular rate of 40 to 60 - junctional ectopic pacemaker;
ventricular rate of 20 to 40 is a ventricular ectopic pacemaker.
Fore identification of place of ectopic focus is important QRS morphology,
too.
Complete AV block is a form of AV dissociation.
In 3rd AV block, especially when it is located in the ventricular conduction
system the pulse (ventricular rate) may be so slow that the blood flow to the brain is
diminished. As a result, a person with complete AV block may lose consciousness.
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When the 3rd AV block onsets, the ventricles do not work fore a certain time.
This pause is called "preautomatic" pause. After this pause the ectopic focus in one
ventricle starts to emit stimuli at the beginning very slowly, later it emits stimuli at a
rate inherent to ventricular pacemakers. During preautomatic pause ventricles do not
beat, so blood flow stops. As a result you can see unconsciousness, asystolia and
cramps. This signs are called Stokes-Adams syndrome.

Bundle branch blocks
They are caused by a block (of depolarisation) in the right or in the left bundle
branch. A block to either of the bundle branches creates a delay of the depolarisation
to that side.
Ordinarily both ventricles are depolarised simultaneously. Depolarisation of
left ventricle lasts longer than right one because of larger muscle mass.
Therefore, in bundle branch block one ventricle depolarises slightly later than the
other, causing two "joined QRS´s". The individual depolarisation of the right ventricle
and depolarisation of the left ventricle are still of normal duration. Because the
ventricles do not fire simultaneously it produces the "widened QRS" appearance that
we see on ECG.
Because the "widened QRS" represents the non simultaneous depolarisation of
both ventricles, one can usually see two R waves named in order: R and R´(R´
represents the late firing ventricle).
In bundle branch block the QRS lasts 0.12 sec. or more.
If a patient with a bundle branch block develops a supraventricular
tachycardia, the rapid succession of widened QRS´s may imitate ventricular
tachycardia.
In left bundle branch block the left ventricle depolarises late; in right bundle
branch block the right ventricle depolarises late. Bundle branch block infers a block of
one branch. Depolarisation progresses very slowly through the blocked region of the
blocked bundle branch and produces a (delayed) stimulus to that branch below the
block (thus the delay).
If you suppose that there is a bundle branch block, look at leads V1 and V2
(right chest leads) and leads V5 and V6 (left chest leads) for the R, R´.
If there is an R, R´ in V1 or V2 this is right bundle block.
With a bundle branch block an R, R´ in the left chest leads (V5, V6 ) means
that left bundle block is present.
In some individuals a bundle branch block conduction pattern will not become
evident until a certain rapid rate has been reached. When a bundle branch block
pattern due to aberrant conduction occurs only at a certain rate this is called "critical
rate" bundle branch block.
Occasionally one can see an R, R´ in a QRS of normal duration. This is called
"incomplete" bundle branch block.

Wolf - Parkinson - White syndrome (WPW)
In some individuals an accessory conduction pathways "short circuits" the
usual delay of ventricular stimulation, causing premature ventricular depolarisation
represented as a delta wave.
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The accessory bundle of Kent is said to provide ventricular "pre-excitation" in
Wolf-Parkinson-White syndrome. The delta wave causes an apparent "shortened" PR interval and "lengthened" QRS. The delta wave actually premature stimulation to
an area of the ventricles.
W.P.W. syndrome is very important because persons with such an accessory
conduction path can have paroxysmal tachycardia.
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DISTURBANCES OF SYSTEMIC BLOOD PRESSURE
REGULATION
M. Tatár

Hypertension is the major risk factor for coronary, cerebral, and renal vascular
diseases; the risk of developing coronary disease rose progressively with increasing
systolic or diastolic pressure. The number of persons identified as having
hypertension continues to increase. This rise reflects both the greater population at
risk (including more elderly persons) and the use of a lower level of blood pressure as
a criterion for diagnosis (i.e., 140/90 rather than 160/95 mm Hg).
Definition of hypertension
Blood pressure (BP) varies widely throughout the day and night, This
variability can be attributed to physical activity ore emotional stress. The diagnosis of
hypertension should be substantiated by repeated readings. Both transient and
persistent elevations of pressure are common when it is taken in the physician´s office
or hospital. To obviate "white coat" hypertension, more widespread use of out-of-theoffice readings.
Borderline hypertension. In view of the usual variability in blood pressure
levels, the term labile is inappropriate for describing diastolic pressures that only
occasionally exceed 90 mm Hg. Instead, the term borderline should be used. Such
patients should be advised that their blood pressure level is borderline elevated and
should be checked annually while they follow general health measures.

Classification of BP in adults aged 18 years or older
Diastolic BP (mm Hg)
 85
85 – 89
90 – 104
105 – 114
 115

normal BP
high-normal BP (borderline)
mild hypertension
moderate hypertension
severe hypertension

Systolic BP, when DBP  90 mm Hg
 140
normal BP
140 - 159
borderline isolated systolic hypertension
 160
isolated systolic hypertension

Long-term regulation of arterial pressure
Nervous system has powerful capabilities for rapid, short-term control of
arterial pressure. When the arterial pressure changes over many hours or days the
nervous mechanism gradually lose their ability to oppose the changes. Therefore,
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what is it, week after week or month, that sets long-term arterial pressure level? The
kidneys play the dominant role in this control.
The renal-body fluid system for arterial pressure control is a very simple one.
When the body contains too much extracellular fluid, the arterial pressure rises. The
rising pressure in turn has a direct effect to cause the kidneys to excess extracellular
fluid, thus returning the pressure back to normal. The effect of different arterial
pressures on urinary volume output is called a renal output curve. At an arterial
pressure of 50 mm Hg, the urinary output is essentially zero. At 100 mm Hg, it is
normal and at 200 mm Hg, about six to eight times normal. Obviously, over a long
period of time the water and salt output must equal the intake. The only place on the
graph in Fig. 6 at which the output equals the intake is where the two curves intersect,
which is called the equilibrium point. What will happen if the arterial pressure
becomes some value that is different from that at the equilibrium point. First, assume
that the arterial pressure rises to 150 mm Hg. At this level renal output of water and
salt is about three times as great as the intake. Therefore, the body loses fluid, the
blood volume decreases, and the arterial pressure decreases. Furthermore, this
"negative balance" of fluid will not cease until the pressure falls all the way back
exactly to the equilibrium point If the arterial pressure falls below the equilibrium
point, the intake of water and salt is greater than the output. Therefore, the body fluid
volume increases, the blood volume increases, and the arterial pressure rises until
once again it returns exactly to the equilibrium point.

The two determinants of the long-term arterial pressure level
1. The degree of shift of the renal output curve for water and salt along the arterial
pressure axis.
2. The level of the water and salt intake line. The operation of these two
determinants in the control of arterial pressure is illustrated in Fig. 7. In Fig. 7A,
some abnormality of the kidney has caused the renal output curve to shift 50 mm
Hg in the high-pressure direction (to the right). Note that the equilibrium point has
also shifted to 50 mm Hg higher than normal. Therefore, one can state that if the
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intake of salt and water remains constant but the renal output curve shifts to a new
pressure level, so also will the arterial pressure follow to this new pressure level
within a few days time.
Fig. 7B illustrates how a change in the level of salt and water intake can
change the arterial pressure when the renal output curve remains undisturbed. In this
case, the intake has increased fourfold, and the equilibrium point has shifted to a
pressure level of 160 mm Hg above the normal level.

Therefore, it is impossible to change the long-term mean arterial pressure level
to a new without changing one or both of the two basic determinants of the long-term
arterial pressure level, either the level of salt and water intake or the degree of shift of
the renal function curve along the pressure axis. However, if either of these is
changed, one would expect the arterial pressure thereafter to be regulated at a new
pressure level, at the pressure level at which these two new curves intersect.
From the basic equation for arterial pressure, arterial pressure equals cardiac
output times total peripheral resistance, it is clear that an increase in total peripheral
resistance should elevate the arterial pressure. Many times when the total peripheral
resistance increases, this increases the intrarenal vascular resistance at the same time,
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which alters the function of the kidney and can cause hypertension by shifting the
renal function curve to a higher pressure level in the manner illustrated in Fig. 7A.
How increased fluid volume elevates the arterial pressure - the role of
autoregulation
The overall mechanism by which increased extracellular volume elevates
arterial pressure:  extracellular fluid volume   blood volume   venous return
  cardiac output   arterial pressure.
Two different way in which an increase in cardiac output can increase the
arterial pressure:
1. the direct effect,
2. an indirect effect resulting from local tissue autoregulation of blood flow.
Whenever an excess amount of blood flows through a tissue, the local
vasculature constricts and decreases the blood flow back toward normal. When
increased blood volume increases the cardiac output, the blood flow increases in all
the tissue of the body, so that this autoregulation mechanism will constrict the blood
vessels all over the body and, in turn, will also increase the total peripheral resistance.
An increase in salt intake is far more likely to elevate the arterial pressure
than is an increase in water intake. The reason for this is that the kidney normally
excretes water almost as rapidly as it is ingested, but salt is not excreted so easily. The
amount of salt that accumulates in the body is the main determinant of the
extracellular fluid volume.

Some of the characteristics of severe essential hypertension
1.
2.
3.
4.

The mean arterial pressure is increased 40 to 60 per cent.
The renal blood flow in the later stages is decreased to about one half normal.
The resistance to blood flow through the kidneys is increased twofold to fourfold.
Despite the great decrease in renal blood flow, the glomerular filtration rate is
often very near normal. The reason for this is that the high arterial pressure still
causes adequate filtration of fluid through the glomeruli into the renal tubules.
5. The cardiac output is approximately normal.
6. The total peripheral resistance is increased about 40 to 60 per cent, about the same
amount that the arterial pressure is increased.
7. Finally, the most important finding of all in persons with essential hypertension is
the following: The kidneys will not excrete adequate amounts of salt and water
unless the arterial pressure is high. In other words, if the mean arterial pressure in
the essential hypertensive person is 150 mm Hg, reduction of the arterial pressure
artificially to the normal value of 100 mm Hg will cause almost total anuria, and
the person will retain salt and water until the pressure rises back to the elevated
value of 150 mm Hg.

Mechanisms of primary (essential) hypertension
No single or specific cause is known for most hypertension, referred to as
primary in preference to essential. Since persistent hypertension can develop only in
response to an increase in cardiac output or a rise in peripheral resistance, defects
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may be present in one or more of the multiple factors that affect these two forces. The
interplay of various derangement in factors affecting cardiac output and peripheral
resistance may precipitate the disease. Looking for a single defect in all patients with
essential hypertension may be a mistake.
Hemodynamic patterns
One cautionary factor should be kept in mind. The pathogenesis of the disease
is probably a slow and gradual process. By the time blood pressure becomes elevated,
the initiating factors may no longer be apparent, since they may have been
"normalised" by the compensatory interactions already alluded to. Nonetheless, when
a group of untreated young hypertensive patients was initially studied, cardiac output
was normal or slightly increased and peripheral resistance was normal. Over the next
20 years, cardiac output fell progressively while peripheral resistance rose. Although
this pattern may be common, it may not occur invariably. In a few patients a high
output state may persist.
Genetic predisposition
Genetic alterations may initiate the cascade to permanent hypertension.
Clearly, heredity plays a role, although no discriminatory gene markers are currently
available. In studies of twins and family members in which the degree of familial
aggregation of blood pressure levels is compared with the closeness of genetic
sharing, the genetic contributions have been estimated to range from 30 to 60 percent.
Unquestionably, environment plays some role. Although the debate concerning the
roles of heredity and environment may be largely academic, it could have important
practical implications.
First, children and siblings of hypertensives should be more carefully
screened.
Second, they should be vigorously advised to avoid environmental factors
known to aggravate hypertension and increase cardiovascular risk (e.g., smoking,
inactivity, and sodium).
The Inherited Defect. Number of possibilities have been suggested, including
a heightened sympathetic nervous response to stress, a defect in renal excretion of
sodium, and a defect in the transport of sodium across cell membranes.
Vascular hypertrophy
The increased peripheral resistance is both necessary and sufficient to
perpetuate hypertension even if it starts with an increased cardiac output. Although
functional constriction of vascular smooth muscle is portrayed as a possible
mechanism, it appears that the high peripheral resistance in hypertension is mainly
determined by structural hypertrophy that, in turn, gives rise to a generalised increase
in contractility of vascular smooth muscle. Small resistance vessels from
subcutaneous tissue from untreated hypertensive subjects had on average a 29 per cent
increase in the ratio of media thickness to lumen diameter compared with vessels from
normotensive persons.
Studies on resistance vessels from young normotensive offspring of
hypertensive parents found no morphological changes but rather an increased
sensitivity to norepinephrine, suggesting an alteration in sympathetic nervous activity
before hypertension is established. Such data support the hypothesis of a "positivefeedback interaction" wherein even mild functional pressor influences, if repeatedly
exerted, may lead to structural hypertrophy which, in turn, reinforces and perpetuates
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the elevated pressure. Renovascular hypertension is initiated by a fast-.acting pressor
(angiotensin II) and maintained by the trophic action of the hormone to induce
vascular hypertrophy.
Whereas the immediate pressor effect is mediated by increased free
intracellular calcium, the slowly developing vascular hypertrophy is postulated to
involve phosphatidylinositol metabolism in the cell membrane. The binding of the
pressor to its receptor activates the enzyme phospholipase C, which hydrolyses the
membrane phosphatidylinositol 4,5-biphosphate and releases inositol triphosphate,
which mobilises calcium from its intracellular stores and causes an immediate
contraction. The diacylglycerol in the membrane activates protein kinase C that
increases the activity of an amiloride-sensitive Na+/H+ exchanger. Thereby, sodium
enters the cell down an electrochemical gradient and protons are extruded so that the
cell becomes more alkaline. Increased cell alkalinity is believed to initiate DNA
synthesis and thereby promote cell hypertrophy. When the source of the excess
pressor-growth promoter is removed, hypertension may recede slowly, presumably
reflecting the time needed to reverse vascular hypertrophy.
Hyperinsulinemia
It has been postulated that insulin resistance and the concomitant
compensatory hyperinsulinemia contribute to the pathogenesis of hypertension. This
belief comes in part from the knowledge that hypertension is more common in the
obese and that hyperinsulinemia is a hallmark of obesity.
Insulin is a potent trophic hormone. Insulin activates the amiloride-sensitive
Na+/H+ exchanger noted earlier to be the putative switch for protein synthesis and
hypertrophy. Possible importance is the fact that hyperinsulinemia is also common in
nonobese patients with primary hypertension. Their hyperinsulinemia is attributable to
peripheral insulin resistance.
Insulin is thought to promote sodium retention through a direct effect on the
kidney. Insulin increases the sympathetic nervous system activity.
Defects in cell transport
Considerable circumstantial evidence supports a causal role for sodium in the
genesis of hypertension. This evidence includes an increase in intracellular sodium in
hypertensive animals and people. In addition, the higher intracellular sodium
concentration has been linked to an increase in intracellular calcium in cells from
hypertensives. An increased fluid volume stimulates the secretion of a digitalis-like
natriuretic hormone, presumably of hypothalamic origin, that inhibits the Na+,K+ATPase pump. Inhibition of the sodium pump would increase renal sodium excretion
and restore vascular volume while at the same time leading to hypertension by
increasing intracellular sodium content. The plasma Na+ and Ca2+ concentrations
normally are maintained relatively constant, and the cytosolic Na+ concentration is
controlled by the plasma membrane Na+ pump, which operates in parallel with the
Na-Ca exchanger mechanism. When Na+ pump is partially inhibited by digitalis-like
natriuretic hormone, elevated cytosolic Na+ concentration promotes Ca2+ entry into
the cell via the Na-Ca exchanger.
Beyond the postulated role of a hypothalamic inhibitor of the sodium pump,
the transport of sodium may be altered directly, for example by an inherited defect in
the structure of the cell membrane.
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The renin-angiotensin system
Both as a direct pressor and as a growth promoter, the renin-angiotensin
mechanism may also be involved in the pathogenesis of hypertension. All functions of
renin are mediated through the synthesis of angiotensin II. Hypertension may develop
either in the face of renin levels that are suppressed by an adrenal adenoma that causes
mineralocorticoid excess or when renin levels are elevated from a kidney made
ischemic by renovascular stenosis. The fact that renin levels may be either low or high
in patients with primary hypertension has led some to believe that an excess of
mineralcorticoid activity on the one hand or a more subtle, diffuse intrarenal ischemia
on the other may be involved in the pathogenesis of primary hypertension.
Normal and high renin hypertension. As previously noted, renin levels
should be suppressed in the presence of hypertension, assuming that the high systemic
pressure reaches the juxtaglomerular cells. Therefore, the presence of normal renin
levels may be inappropriate and may play a role in sustaining the hypertension. Even
more ominous is the presence of higher than usual levels of plasma renin activity in
10 to 20 per cent of those with essential hypertension.
Other mechanism of hypertension
Along with insulin, angiotensin, and natriuretic hormone, catecholamines arise
in response to stress. Increased sympathetic nervous activity could raise blood
pressure in a number of ways-either alone or in concert with stimulation of renin
release by catecholamines - by causing arteriolar and venous constriction, by
increasing cardiac output, or by altering the normal renal pressure-volume
relationship.
Body size and psychological stress, were associated with higher systolic blood
pressure, while obesity, smoking, ethanol consumption, and plasma sodium were
associated with diastolic blood pressure.

Association of hypertension with other condition
Salt intake. There is a well-documented correlation between dietary salt intake
and the incidence of hypertension in various populations. In those populations in
which Na+ intake is less than 600 mg/day, hypertension is very rare. Conversely, in
populations with a very high salt intake, the incidence of hypertension and stroke is
very high.
Obesity. Hypertension is more common among obese individuals and
probably adds to their increased risk of developing ischemic heart disease. there are a
significant number of subjects who have some measure of insulin resistance and an
abnormal lipid profile consisting of hypertriglyceridemia with elevated levels of
VLDL, decreased lipoprotein lipase activity, and decreased HDL-cholesterol.
Sleep apnea. Snoring and sleep apnea are clearly associated with
hypertension, and this, in turn, may be induced by increased sympathetic activity in
response to hypoxemia during apnea.
Physical inactivity. Physical fitness may help prevent hypertension, and
persons who are already hypertensive may lower their blood pressure by means of
regular isotonic exercise.
Alcohol intake. Even in small quantities alcohol may raise blood pressure: in
larger quantities alcohol may be responsible for a significant number of cases of
hypertension. The pressor effect of alcohol primarily reflects an increase in cardiac
output and heart rate, possibly a consequence of increased sympathetic nerve activity.
Smoking. Cigarette smoking raises blood pressure, probably through the
nicotine-induced release of norepinephrine from adrenergic nerve endings.
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Complications of the hypertension
Even moderate elevation of the arterial pressure leads to shortened life
expectancy, at very high pressures - mean arterial pressures 50 per cent or more above
normal - a person can expect to live no more than a few more years at most. The lethal
effects of hypertension are caused mainly in three ways.
Cardiac failure
Arterial hypertension represents the most common reason for pressure
overload of the left ventricle; its cardiac organ manifestations refer to the
involvement of both myocardium and coronary arteries. Heart muscle itself develops
cardiac hypertrophy, a decrease in myocardial contractility, cardiac dilation and, in
the end-stages, global cardiac insufficiency and pump failure. In the coronary vascular
bed, arterial hypertension leads to coronary macro- and microangiopathy.
Consequently, the coronary resistance is increased, the oxygen availability to the
myocardium is impaired, coronary insufficiency and angina pectoris occur, and on the
basis of regional contraction disturbances due to myocardial infarction cardiac failure
develops.
Cerebral infarct
The high pressure frequently ruptures a major blood vessel in the brain,
followed by clotting of the blood and death of major portions of the brain, this is a
cerebral infarct. Clinically it is called a "stroke." Depending on what part of the brain
is involved, a stroke can cause paralysis, dementia, blindness, or multiple other
serious brain disorders.
Kidney failure
Very high pressure almost always causes multiple hemorrhages in the kidneys,
producing many areas of renal destruction and eventually kidney failure, uremia, and
death.

Secondary forms of hypertension
Oral contraceptive use
The use of estrogen-containing oral contraceptive pills is probably the most
common cause of secondary hypertension in women. Oral contraceptive use probably
causes hypertension by renin-aldosterone-mediated volume expansion. Estrogens and
the synthetic progestogens used in oral contraceptive pills both cause sodium
retention.

Renal parenchymal disease
Renal parenchymal disease is the most common cause of secondary
hypertension. As chronic glomerulonephritis becomes less common, hypertensive
nephrosclerosis and diabetic nephropathy have become the most common causes of
end-stage renal disease. Not only does hypertension cause renal failure and renal
failure cause hypertension but also more subtle renal dysfunction may be involved in-
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patients with primary hypertension. The kidneys may initiate the hemodynamic
cascade eventuating in primary hypertension.
Acute renal diseases
Hypertension may appear with any sudden, severe insult to the kidneys that
either markedly impairs the excretion of salt and water, which leads to volume
expansion, or reduces renal blood flow, which sets off the renin-angiotensinaldosterone mechanism. Glomerular lesions of various types may be associated with
hypertension. Typically, hypertension accompanies the oliguria and fluid retention of
acute renal injury.
Chronic renal diseases with renal insufficiency
Hypertension in most patients with renal insufficiency is predominantly
caused by volume overload resulting from the inability of the reduced functioning
renal mass to handle the usual sodium and water intake. This may involve increases in
pressor sensitivity to sodium, redistribution of more fluid into the intravascular space,
and inhibition of sodium transport via Na+,K+-ATPase pumps. Some degree of reninmediated vasoconstriction is probably also involved in many patients and may be
unmasked by the administration of ACE inhibitors.
Renovascular hypertension
Renovascular hypertension is the most common secondary form of
hypertension. Renovascular hypertension almost certainly starts with the release of
increased amounts of renin when sufficient ischemia is induced to diminish pulse
pressure in the renal afferent arterioles. A reduction of renal perfusion pressure by 50
per cent leads to an immediate and persistent increase in renin secretion from the
ischemic kidney, with suppression of secretion from the contralateral one. With time,
renin levels fall (but not to the low levels expected based on the elevated blood
pressure), accompanied by an expanded body fluid volume and increased cardiac
output.
Renin-secreting tumors. The tumor can usually be recognised by selective
renal angiography, usually performed for suspected renovascular hypertension,
although a few are extrarenal. More commonly, children with Wilms´ tumors may
have hypertension and high renin levels.

Adrenal causes of hypertension
Three adrenal causes of hypertension are considered primary excesses of
aldosterone, cortisol, and catecholamines.

Hypotension and syncope
Syncope is defined as a sudden temporary loss of consciousness associated
with a deficit of postural tone with spontaneous recovery, which does not require
electrical or chemical cardioversion. Syncope must be differentiated from other states
of altered consciousness such as dizziness, vertigo, seizures, coma, and narcolepsy. It
usually results from sudden transient hypotension, which result in prolonged
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hypotension lead to shock. The vast majority of syncopal attacks results form transient
reduction of blood flow to those parts of the brain subserving consciousness (brain
stem reticular activating system).
There are four general categories of mechanisms than may result in syncope:
1. vasomotor instability associated with disorders which decrease systemic vascular
resistance or venous return or both,
2. critical reduction of cardiac output due to obstruction of blood flow within the
heart or pulmonary circulation,
3. cardiac arrhythmias leading to transient decline in cardiac output,
4. cerebrovascular disease with focal of generalised decreased cerebral perfusion.
Vasodepressor syncope
It is characterised by a sudden fall in blood pressure in association with
autonomic and humoral activity. Often occurs in young individuals, generally in
response to fear or injury. Examples of predisposing factors include fatigue,
prolonged standing, venipuncture, blood donation, heat.
Orthostatic hypotension
Upon assumption of the upright posture, 500 to 700 ml of blood is pooled in
the lower extremities and the splanchnic circulation. This reduction in venous return
results in decreased cardiac output and stimulation of aortic, carotid, and
cardiopulmonary baroreceptors. A decline of 20 mm Hg or more in systolic pressure
or 10 mm Hg or more in diastolic pressure upon assuming the upright position is often
defined as orthostatic hypotension. Elderly patients are especially vulnerable to
symptoms from drugs and volume depletion because of decreased baroreceptor
sensitivity, decreased cerebral blood flow, excessive renal sodium wasting, and
impairment of the thirst mechanism that develops with ageing.
Cardiac diseases
Obstruction to outflow this may reduce cerebral flow critically and result in
syncope. Syncope occurs in patients with severe valvular aortic stenosis, commonly
with exercise. Systemic vascular resistance normally decreases with exercise due to
arteriolar dilatation. This decline in peripheral vascular resistance normally is
compensated for by an increase in cardiac output, thus maintaining arterial pressure
and cerebral perfusion. In condition that cause severe obstruction to left ventricular
outflow, cardiac output may not increase, leading to hypotension and syncope.
Syncope may occasionally be the presenting symptom of a myocardial
infarction. Five to 12 per cent of elderly patients with acute myocardial infarction
present with syncope rather than chest pain. Mechanisms responsible for syncope
include sudden pump failure producing a decrease in perfusion pressure of the brain,
and rhythm disturbances, which include both ventricular tachyarrhythmias and
bradyarrhythmias.
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DISTURBANCES OF BLOOD AND LYMPH CIRCULATION IN
LOWER EXTREMITIES
J. Hanáček

Objectives
- Factors that determine and regulate organ/tissue blood flow.
- Differentiation between arterial insufficiency and other factors that cause
claudication-type symptoms.
- How an occlusive lesion that is not flow-limiting can become hemodynamically
significant.
- Differentiation between normal and abnormal Doppler blood flow signals.
- Deep and superficial veins of the lower extremities.
- Functional differences among the deep, superficial, and communicating veins.
- Basic pathophysiology of the "post-phlebitic syndrome".
Arterial system of lower extremities: femoral artery, popliteal a., peroneal a.,
anterior and posterior tibial aa., dorsal pedis a., dorsal metatarsal aa., arcuate a.
Venous system of lower extremities: dorsal venous arch, posterior and anterior
tibial vv., peroneal v., popliteal v., femoral v., deep vv., superficial vv., perforating
vv.
Lymphatic system of lower extremities: lymphatic capillary, lymphatic vessels
and lymph nodes; pumping system in which a series of valves ensure one - way flow
of the excess intersticial fluid lymph) towards the heart
Arterial and venous wall consists of:
adventitia

- connective tissue
- nerve fibres
- blood vessels
vasa vasorum )

media

- collagen
- smooth muscle
- elastin

intima

- endothelial cells

Principles of blood flow
Flow regulation
Flow is directly related to driving pressure (P1 - P2) and indirectly related to
resistance to flow (R).
Vessel resistance (mainly arterioles) is controlled by:
- autoregulation (mainly in muscles - by lactic acid, CO2, H+, K+, adenosin, PGL),
- neuronal effects (mainly in skin - sympathetic and cholinergic effects),
- humoral factors- catecholamines, histamine, ACH, serotonin, angiotensin,
adenosin, PGL,
- vascular smooth - muscle contractility is controlled by intracellular Ca2+
concentration  contraction is slow, prolonged, and associated with a low degree
of ATP utilisation.

138

-

-

Endothelial factors - their influence on blood flow
EDRF = endothelium-derived relaxing factor (NO)
 vasodilator
 suppression of vascular smooth muscle growth
Prostacyclin - vasodilator and inhibitor of platelet aggregation
Endothelin I – vasoconstrictors
Angiotensin II "
Characteristics of flow
laminar flow = normal blood flow in arteries
velocity (cm/sec) = the rate of blood displacement per unit time
urbulent flow - large-diameter vessels with high velocity and low viscosity, abrupt
variations in vessel dimensions, surface irregularity will predispose to turbulence

resistance to flow:

l
R = -------- . n
r4

l = length of a vessel
r = radius of a vessel
n = viscosity of blood

Viscosity = internal friction of fluid:
a) It is not important under normal circustamces.
b) At low shear stress - deformibility of Er and Le and their movement through
capillaries are important determinants of resistance to flow. This can occur in
ischemia, diabetes, endotoxemia, sickle cell disease.
c) Viscosity of plasma will increase with increase concentrations of high molecular
weight asymetric proteins, e.g. fibrinogen, alpha-2 macroglobulins, and immunoglobulins M and G.
d) Plasma viscosity increases acutely with dehydration.
e) Influence of hematocrit on viscosity of blood:
- Ht  60 %  significant negative influence on blood viscosity under
condition of normal shear stress,
- normal Ht  negative effect on blood viscosity when shear stress is low
(distal to stenotic lesion, in collateral vessels, during hypotensive
disorders).
Patterns of flow in lower extremities
Normal = triphasic flow:
1. phase - initial forward flow follows cardiac systole and is associated with dilation
of the conducting arteries
2. phase - elastic recoil  direction of flow is towards vascular beds with lower
resistance (lower extremities - relatively high resistance; renal and splanchnic
beds - low resistance)
3. phase - forward direction of flow
In the presence of infection, trauma, or following exercise, the resistance in the
legs may be less than in the splanchnic region and the reversal phase (2. phase) of
flow is attenuated or absent. Hence the wave-form may normally be biphasic.
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Pathogenesis of arterial diseases of lower extremities
Arteriosclerosis and thrombosis
These processes were described in previous chapter IHD)

Aneurysmal arterial disease
Aneurysm = localised dilatation of the arterial wall.
a) True aneurysm:
- involves all three layers of the arterial wall,
- it results from weakening of the vessel wall atrophy of the medial layer of
the artery),
- most of them are fusiform and circumferential,
- atherosclerosis is the most common cause of aneurysms.
b) False aneurysms:
- extravascular accumulation of blood with disruption two or all three
vascular layers the wall of the aneurysms is formed by thrombus and
adjacent tissues, or adventitia,
- they are usually the result of trauma.
Development of aneurysma
- Damage and weakening of the medial layer of the artery,
- causes of damage :acquired (atheroma, inflammation, degeneration)
congenital,
- jet effect of blood streaming across an obstructive vascular plaque,
- interaction of multiple predisposing factors:
- turbulence of flow at regions of bifurcation
- vasa vasorum.
Mechanism of aneurysma progression
- Wall tension or stress is directly related to the radius of the vessel and the
intraarterial pressure,
- as the vessel dilates  aneurysm) and the radius enlarges, the wall tension
rises, further dilating the vessel.
Consequences: - ischemia below the location of aneurysma
- rupture of aneurysma
- acute thrombosis
- embolisation

Thromboangiitis obliterans Buerger´s disease)
It is an inflammatory disease of the peripheral arteries; inflammatory lesions
are accompanied by thrombi and sometimes by vasospasm of arterial segments 
occlusion and obliteration portion of small and medium - sized arteries in the feet and
sometimes in the hands. Digital, tibial, and plantar arteries of the feet are typically
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affected. The pathogenesis of Buerger disease is not known. Very important factor,
which is related to Buerger disease, is cigarette smoking.
Consequences:
- pain and tenderness of the affected part
- sluggish blood flow
- rubor redness and shininess) of the skin
- cyanosis blood with high % of reduced hemoglobin)
- chronic ischemia  nails to become thickened and malformed
 gangrene

Raynaud phenomenon and disease
They are characterised by attack of vasospasm in the small arteries and
arterioles of the fingers and, less commonly, the toes.
Raynaud phenomenon
It is secondary to systemic diseases collagen vascular disease - e.g.
scleroderma, pulmonary hypertension, myxedema) as a consequence of long term
exposure to certain environmental conditions cold, vibrating machinery).
Raynaud disease
It is primary vasospastic disorder of unknown origin. It effects young women
predominantly
Mechanisms involved in disease manifestation:
- vasospastic attacks are triggered by brief exposure to cold or by emotional
stress,
- genetic predisposition may play a role in its development.
Consequences of both disorders: changes in skin color and sensations caused
by ischemia (pallor, numbness, sensation of cold in the fingers, cyanosis, rubor often
accompanied by throbbing and paresthesias, nails to become brittle, ulceration and
gangrene).

Occlusive arterial disease
The cause of the above mentioned pathological processes is occlusion of
arteria. Chronic occlusive arterial disease  ischemia as a result of arterial
obstruction. Obstructive arterial lesions occur more frequently in the lower extremities
than in the upper extremities. Obstruction influencing the blood flow to lower
extremities is usually localised at:
- aortoiliac level,
- femoropopliteal level,
- popliteo-tibial level.
Development
Arterial lumen is progressively narrowed  resistance to blood flow 
blood flow to the tissue below the lesion is reduced  tendency to tissue ischemia.
Vessel lumen must be reduced by approximatelly 50% in diameter or 75% in
crosssectional area to produce clinically significant interference with blood flow. In
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combination (stenosis occurring in sequence), less significant lesions can seriously
impair flow.
Severity of ischemia depends on:
a) the site of occlusion,
b) the extent of occlusion,
c) degree of collateral flow around the lesion.
Severe ischemia can result from acute occlusion because collateral network
has not had time to develop.
Consequences of flow obstruction in lower extremities
a) Mild to moderate degree of stenosis (up to 70-80 % of lumen). Under stable
resting conditions  usually not hemodynamically significant.
Hemodynamic changes:
- increased velocity of blood flow and laminar flow at the site of maximum
stenosis,
- turbulent blood flow below stenosis,
- increased lateral pressure directed to the vessel wall  poststenotic
dilatation  predisposition to thrombosis,
- volume flow is maintained until there is an aproximate 70 - 80 %
stenosis.
a) Critical degree of stenosis ( 80 % stenosis). As luminal area becomes critical,
i.e. exceeds the ability to maintain volume flow by increasing velocity within the
stenosis, the lesion is said to be hemodynamically significant.
Hemodynamic changes:
- pressure drop below stenosis,
- decrease volume flow,
- flow in the vessels distal to the stenosis is dependent upon reconstitution
by collaterals (relatively high - resistance conduits).
As peripheral resistance distal to stenosis decreases (due to exercise or some
other metabolic demand), the degree of stenosis that produces hemodynamic
significance is reduced; thus a subcritical stenosis is transformed to a functionally
critical one during exercise.
Main symptoms and signs of occlusive arterial disease and their explanation
a) Intermittent claudication
- it is caused by muscle ischemia during exercise.
b) Pain occurring at rest
- is indicative of advanced occlusive disease,
- typically occurs in the supine position and may be intense at night (flow
across the obstructive lesion is pressure dependent),
- shocklike pain in the foot and leg (it is probably caused by ischemic
neuropathy).
c) Diminished or absent pulses below the occlusion.
d) Postural changes in skin color
- elevation of the extremity  pallor (gravitational effect),
- with dependency of postural changes  redness or rubor (perfusion
pressure increases and reactive hyperemia is present).
e) Tissue changes resulting from severe chronic ischemia
- trophic changes of the skin and nails (thickening of the nails and drying of
the skin),
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loss of hair - particularly on the dorsum of the feet and toes,
development of a temperature gradient between colder and warmer
regions of leg,
wasting of the leg muscles and soft tissues,
ulceration and gangrene:
dry gangrene - results from a total cessation of flow with
necrosis of the entire organ,
wet gangrene - results from not total obstruction of flow (areas of necrosis
alternate with region of edema inflammation).

Pathogenesis of diseases of veins in lower extremities
Venous thrombosis (vt)
Serious complications for many sick, hospitalised patients (especially those
who are bedridden for extended period time); it is estimated that only 1% of the vt are
clinically recognised.
There are a number of risk factors that have been associated with a high
incidence of vt: surgery and other trauma, prolonged immobility and paralysis,
malignancy, congestive heart failure, obesity, advanced age ( 40), pregnancy and
puerperium, varicose veins, hypercoaguability, previous thrombosis.
Venous thrombi are basically composed of fibrin and erythrocytes with
variable amounts of platelets and leukocytes (arterial thrombus is predominantly
composed of platelets and fibrin). Most vt are formed in regions of slow or disturbed
blood flow.
Sequence of vt forming:
- small fibrin deposits in the large valve cusp pockets in the deep veins of
the calf or thigh,
- fibrin nidus will grow by apposition more and more occlusion of veins.
Pathogenesis
3 factors would be of fundamental importance:
a) vessel wall damage
b) blood flow changes Virchow´s triad
c) alterations in the composition of blood
The role of vessel wall damage in pathogenesis of vt is not fully understood at
this time and is uncertain.
Immobility plus increased coaguability is recognised as a major risk factors.
Immobility   blood flow velocity because of a lack of muscle contraction 
blood pools in the intramuscular sinuses of the calf  blood coaguability (activation
of clotting factors plus activation products of coagulation accumulate locally, and
blood coagulation inhibitors are locally consumed).
This process may be exacerbated by the autocatalytic activation of the
coagulation system  further hypercoaguability.
In addition, there is dilation of the leg veins  endothelial damage  fibrin
nidus formation
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Chronic venous insufficiency (CHVI)
All morbid states in which venous hypertension develops in the superficial
venous system of lower extremities are accompanied by CHVI.
CHVI develops either as a consequence of deep phlebothrombosis or as a late
complication of primary varices. It can develop months or years after the initial
episode.
The most important systems of lower extremities which return blood back to
the heart is calf muscle pump and system of venous valves.
Normal function of calf muscles and valves
During muscle contraction blood flows from the extremities towards the heart
thanks to closed valves of deep and communicating veins.
During muscle relaxation blood is sucked from the muscle veins and
superficial veins into the empty dilated deep veins.
Blood pressure in superficial veins decreases almost to zero during relaxing
phase of muscle function (walk, run).
Function of this system during acute deep venous thrombosis
During muscle contraction blood flows from the venous system upward and
below thrombosis it flows through anastomosis to the adjacent unimpaired deep
venous system.
During muscle relaxation blood is sucked from the muscle veins and
superficial veins into the deep veins which are not closed by thrombus.
All parts of venous system of lower extremities, which are not closed by
thrombosis, function normally. During acute deep venous thrombosis there are no
symptoms and signs of CHVI (if only part of deep veins are occluded).
Function of these systems during period of incomplete recanalisation of deep
venous thrombosis
Recanalisation of thrombus  damage of valves in deep veins and in
perforating veins  insufficiency of vein valves  CHVI.
During muscle contraction blood flows through insufficient valves of
perforating veins into the superficial veins, not into the intact deep veins (because of
blood pressure in deep veins).
During muscle relaxation superficial veins empty into the deep veins only
partially  venous hypertension in superficial and deep recanalised veins.
Function of these system during complete recanalisation of deep venous
thrombosis
Venous valves are totally destroyed, or fibrotic, or atrophic  insufficiency of
vein valves.
During muscle contraction blood is pushed to all directions because of vein
valves insufficiency (predominantly to superficial veins, because of lower blood
pressure).
During muscle relaxation blood pressure increases very quickly in deep
venous system because of valves insufficiency. High blood pressure in deep veins
hinders the emptying of superficial veins into deep veins.
Result of these disturbances is venous hypertension in lower extremities.
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Venous hypertension in lower extremities
Venous hypertension produces retrograde venous stasis  increased blood
pressure in capillary network plus damage of endothelial cells hypoxia and other
factors)   capillary permeability  transudation of blood into the pericapillary
tissue cumulation of hemosiderin and melanin  skin hyperpigmentation  edema
formation.
Primary varices as a cause of CHVI
Pathomechanism involved in primary varices onset and development:
- loss of tonus of vein wall smooth muscle cells  widen of veins  varices are
formed,
- the cause of loss of smooth muscle tonus? genetic predisposition,
- fibrotic remodelation of vein wall substitution of smooth muscle in media by
collagen fibres, hyalinosis, atrophia of elastic fibres)  vein valves insufficiency
because of veins lumen enlargement.
CHVI as a final stadium of primary varices
Vein lumen enlargement  valves in communicating perforating) and
superficial veins are insufficient. There are no changes in deep venous system.
During muscle contraction blood flows from deep veins up to the heart and
into the superficial veins  increased blood pressure in superficial veins  venous
hypertension.
Consequences of CHVI
High venous pressure in the leg and foot even during exercise  venous
ulceration or venous claudication.
Venous claudication is characterised by severe "bursting" pain in the calf
after exercise. Superficial collateral vessels are sometimes important for return the
blood from legs to the heart deep veins are occluded ), elastic stockings, which
compress these veins, may sometimes exacerbate the symptoms. The pain is
relieved by rest but in contrast to arterial claudication is often improved by elevation
of the limb.
Physical signs associated with deep venous disease:
- swelling,
- appearance of superficial collateral veins ,
- thickening, induration and pigmentation of the subcutaneous tissues in
greater area lipodermatosclerosis),
- skin may be thickened and sclerotic, and it my be ulcerated or shows the
scars of healed ulcers.

Lymphoedema lymphostatic disease) of lower extremities
It is characteristic by typical edema of lower extremities with high
concentration of proteins.
Cause of lymphoedema is decreased transporting capacity of lymphatic
system of lower extremities at a normal production of lymph mechanical
insufficiency of lymphatic system).
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Causes of mechanical insufficiency of lymphatic system of lower extremities:
a) inherited dysfunction primary lymphoedema),
b) acquired dysfunction secondary lymphoedema),
c) obstruction of lymphatic vessels and lymph nodes by e.g.tumours, scares and
other compression from outside, lymph nodes extraction and other processes and
events,
Lymphostasis in lower extremities may be caused by increased production of
lymph in lower extremities at a normal morphology and function of lymphatic system
dynamic insufficiency). The cause of this disturbance may be for example
inflammation process in lower extremities.
Lymphostatic disease of lower extremities
Chronic, progressive pathologic process containing 4 components:
a) accumulation of proteins in the tissue
b) edema  proteins bind osmotically water)
c) chronic inflammation
d) fibrosis
In early stages edema is dominant, late stages are characterised by fibrosis,
predominantly.
Consequences:
- fibrotic obliteration of lymphatic vessels and lymph nodes,
- further decreasing in transporting capacity up to total stop of lymph flow
 blisters formation in the skin  repetitive inflammation of skin tissue,
 hyperkeratosis and papilomatosis of skin.
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PATHOPHYSIOLOGY OF LUNG VENTILATION AND
PERFUSION
J. Hanáček

Respiration = movement of oxygen from atmosphere to the cells and return
of carbon dioxide from cells to the environment.
External respiration:
1. lung ventilation
2. distribution of air in lung
3. diffusion of gases across the alveolo - capillary membrane
4. perfusion of lung by blood
5. ventilation - perfusion ratio
Internal respiration refers to the intracellular chemical reactions in which oxygen is
used and carbon dioxide is produced.
Any diseases of respiratory system, but diseases of other systems and organs of
men, too, may lead to changes of one or more components of external respiration. Lung
ventilation is able to compensate partially or totally the disturbances of distribution,
diffusion and perfusion.

Lung ventilation and mechanisms involved in its disturbances
Lung ventilation
Movement of air in and out of the lungs; main role of ventilation is to provide
required O2 and CO2 concentration in the alveoli.

Alveolar unit
It is outlined as spherical structure containing gas (alveolar volume = VA)
connected to the outside air by a tube (dead space volume = VD).
Gas exchange between the blood and air takes place in the alveolar space, only,
not in dead space.
Lung volume
VL = VA + VD
Lung dead space:
a) anatomical dead space = airways
b) functional dead space = volume of that part of alveolar system, which is not
involved in the exchange of gases between the blood and inhaled air
Total ventilation (Vtot):
volume flowing to or from the lung per unit of time (respiratory frequency times
tidal volume)
Alveolar ventilation (VA):
the portion of Vtot which flows into the alveolar space
Dead space ventilation (VD):
the portion of Vtot which does not contribute to alveolar gas replacement
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Alveolar ventilation
1. Intensity of alveolar ventilation is reflected by PO2 and PCO2 in alveolar space.
2. The intensity of alveolar wash out is determined by the ratio of VA/VA; a low value
indicates low intensity of alveolar gas replacement  alveolar hypoventilation.
Changes in alveolar volume may be due to an increase (e.g. emphysema) or decrease
(pulmonary fibrosis) in the size of the ventilated alveoli or to changes in the number
of alveoli involved in ventilation (pneumonia, edema, pneumonectomy).
3. The intensity of alveolar wash out is determined by the ratio of VD to VA; a high
value indicates bad alveolar ventilation  hypoventilation.
a) Normoventilation - VA corresponds (is matched) to the metabolic rate of
tissue of the whole body  normocapnia of the blood.
b) Hypoventilation – VA is low in proportion to the matabolic rate 
hypercapnia of the blood.
c) Hyperventilation - VA is high in proportion to the metabolic rate 
hypocapnia of the blood.

Alveolar hypoventilation
Alveolar hypoventilation is very important and very frequent result of respiratory
diseases.
Basic mechanisms involved in development of alveolar hypoventilation:
a) VA is normal, VA is decreased (e.g. respiratory centre inhibition, airway obstruction),
b) VA is increased, VA is normal (e.g. emphysema pulmonum),
c) VA and VA are normal, but VD is increased (e.g. ventilated but not perfused alveoli).

Pathological processes involved in disturbances of alveolar ventilation
1. Extrapulmonary causes
a) Central nervous system dysfunction
- drug induced
- infection processes (e.g. bulbar polio)
- trauma
- idiopathic depression of the respiratory centre
b) Peripheral nervous system
- Guillain - Barré syndrome
- different forms of polyneuritis
- poliomyelitis
- trauma (spinal cord, phrenic nerve damage etc.)
c) Primary or secondary myopathy
- myasthenia gravis
- adverse reactions to curare
- other forms of myopathy (myositis, myalgia, respiratory muscles fatigue)
d) Metabolic causes
- metabolic alkalosis
- hypothyroidism
e) Chest wall
- kyphoscoliosis
- obesity, trauma, surgery
2. Pulmonary causes
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a) Obstruction of central airways
b) Obstruction of the peripheral bronchi
- inflammation of the airway mucosa
- hyperplasia of the mucous glands and goblet cells
- bronchospasm
- loss of elasticity of airway wall
c) Lung parenchyma
- emphysema
- post - inflammatory fibrosis
- interstitial infiltration or fibrosis
- intraalveolar processes (pneumonia)
d) Vascular
- pulmonary congestion
- pulmonary edema
e) Pleural
- pleural effusions, inflammations
- pleural scaring
- pneumothorax

Distribution of air in lungs and mechanisms involved in its
disturbances
Distribution of alveolar volume
It depends on mechanical characteristics and the force (pressure) exerted on
different part of lungs and different alveolar units (inflammation, fibrosis, emphysema,
gravity, degree of lung inflation, breathing phase) during breathing.

Distribution of alveolar ventilation
It depends on the same factors as distribution of alveolar volume. Changes in
alveolar volume distribution and in alveolar ventilation distribution may lead to four
possible situations:
1. Equal distribution of volume and ventilation - VA and VA are of the same magnitude
in all alveoli  equal distribution of the VA/VA ratio (ideal situation).
2. Distribution of VA and VA is unequal, but they have the same proportion in each
compartment. Equality of the VA/VA ratio is more important for the gas exchange
than equality of the separate components (still good condition for alveolar
ventilation).
3. Unequal distribution of ventilation (VA1 VA2) is accompanied by equal distribution
of volume (VA1 = VA2). Common situation even under normal condition there are
regional differences in the VA/VA ratio as a result of the effect of gravity on the lung.
(some alveolar unit may be hypoventilated under this conditions).
4. Unequal distribution of volume (VA1 VA2) accompanied by equal distribution of
ventilation (VA1 = VA2). This type of unequality is not common (some alveolar unit
may be hypoventilated, some may be hyperventilated).

Disturbances of alveolar volume and alveolar ventilation distribution
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They may have space character. Very often can be seen unequal and
asynchronous ventilation.
1. Differences in regional flow resistance distribution in airways as a cause of unequal
and asynchronous ventilation.
- Raw 1 (airway resistance in compartment 1) is higher than Raw 2; if C1
(compliance in compartment 1) is the same as in C2 than ventilation of compartment 2
is higher than in compartment 1. Compartment 1 ventilation also legs in time behind
compartment 2, i.e. besides inequality there is asynchrony.
- Inequality and asynchrony increase with rate of breathing because airway resistance
in the place of airway stenosis increases with rate of breathing. This situation can
occur in obstructive types of lung diseases. Slow, deep breathing is thus favourable in
cases of obstructive lung diseases.
2. Differences in the elasticity of the lung distribution as a cause of unequal and
asynchronous ventilation.
-  CL (decreased lung compliance) not equally distributed over the whole lung leads to
asynchronous and uneven alveolar ventilation.
- C1 is lower than C2 (e.g. fibrosis in compartment 1)  ventilation of compartment 1
is lower than compartment 2, and besides inequality there is asynchrony; ventilation
of the diseased part of alveolar units precedes that of the normal parts of lung.
- The opposite of what happens in obstructive lung disease in cases of disturbances of
elasticity, the limiting factor for alveolar ventilation is not the rate of breathing but
the breathing volume. In these conditions shallow rapid breathing is most effective.
Pathological processes involved in disturbances of distribution of air in lung
1. Extrapulmonary causes
a) Peripheral nervous system
- polyneuritis in one-side of the chest
- trauma influencing nervous system in one side of the body (one-side phrenic
damage)
b) One-side primary and secondary myopathy
c) Kyphoscoliosis, trauma or surgery of one-side of the chest
2. Pulmonary causes
a) Unevenly distributed obstruction of the peripheral bronchi
- inflammation of airway mucosa
- hyperplasia of the mucous glands and goblet cells
- bronchospasm
- loss of elasticity of airway wall
b) Uneven distribution of lung parenchyma damage
- emphysema
- post - inflammatory fibrosis
- interstitial infiltration or fibrosis
- intraalveolar processes - pneumonia
c) Vascular changes unevenly distributed
- pulmonary congestion
- pulmonary edema
d) Pleural changes unevenly distributed
- pleural effusions, inflammations
- pleural scaring, pneumothorax
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Diffusion of gases across the alveolo-capillary membrane and its
disturbances
Components of alveolo-capillary diffusion
1. Membrane factor - transport of gases across the membrane is determined by the
following factors
a) alveolar-capillary gas pressure gradient
b) solubility and molecular weight of the gas represented by diffusion coefficient
c) thickness, surface area and composition of the alveolar-capillary membrane
2. Blood factor - binding of gases to the hemoglobin is determined by
a) rate at which the gas combines with hemoglobin
b) capillary blood volume
c) venous - capillary gas pressure gradient
3. Circulatory factor - the transport of the dissolved gases with the circulation
depends on the following factors
a) capacitance coefficient
b) blood flow in the alveolar capillaries
c) arterial- venous gas pressure gradient

Lung diffusion capacity
Lung transfer factor = amount of gas (in mmol) diffused across the alveolarcapillary membrane during 1 minute at the pressure difference 1 kPa.
Transfer coefficient = transfer factor per litre of alveolar volume.
Alveolar-capillary transport of carbon dioxide
Carbon dioxide diffuses very easy across alveolar-capillary membrane because of
high solubility of CO2. Limiting factor in CO2 exchange is thus blood factor, and
circulating factor is also important.
Under normal conditions at rest there is no measurable Pco2 gradient between
the alveolar gas and the gas in end-capillary blood.
In pathological conditions a small alveolar end-capillary gradient of CO2 can
occur. This indicates a serious disturbance of alveolar-capillary diffusion or very rapid
perfusion of the blood in A-c bed.
In normal circumstances there is a small A - c CO2 gradient during work. In lung
function disturbances this gradient increases with exertion.

Alveolar capillary transport of oxygen
Diffusion of O2 across the A-c membrane is limiting factor because of relatively
bad solubility of O2 in fluids. Other limiting factors in O2 exchange are blood factor and
circulating factor.
Neither at rest nor during work is there an oxygen gradient between the alveolar
gas (A) and the end-capillary blood (c). The normal alveolar-arterial gradient in O2 is
almost entirely the result of venous mixing or of unequal ventilation - perfusion ratios.
During work, the inequality in ventilation-perfusion ratio diminishes.
In various lung function disturbances the A-c transport of O2 is disturbed,
bringing about an abnormally large oxygen gradient between the alveoli and the endcapillary blood.
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Under hypoxic conditions the alveolar tension of O2 is low  the O2 flows across
the membrane and the rate at which O2 combines is than too low for equilibrium to arise
between the alveolar gas and the capillary blood before the blood leaves the pulmonary
capillaries.
Pathological processes involved in disturbances of alveolar-capillary gas
transport
1. Normal A-c membrane is uniform in structure. The major portion of A-c surface is
effectively involved in gas exchange.
2. Increase in pulmonary blood flow in physical exertion:  number of functioning
capillaries   effective surface area of A-c membrane   transfer coefficient.
3. Pathological processes in the A-c membrane (inflammation, fibrosis, edema,
embolism): the gas transfer properties are reduced and distributed unequally. The
transfer coefficient is then abnormally low.
4. Local loss of function of the lung tissue (atelectasis, tumours, inflammation,
resection): the effective alveolar surface is small, where as transfer in the remaining
normal alveoli may not be disturbed  the transfer coefficient is usually normal.
5. Obstruction in the pulmonary circulation (e.g. stenosis of mitral valve): the blood
volume per alveolus increases, filling of the capillaries is greater and hitherto closed
capillaries will open. This is associated with a decrease in pulmonary blood flow 
 transfer factor and transfer coefficient.
6. In emphysema:  effective A-c surface area   transfer factor,  transfer
coefficient.
7. Abnormal hemoglobin (Hb) molecule (e.g. methemoglobin) or abnormal quantity of
Hb (anemia, polycythemia) influence the A-c gas transfer.
8. Thickening of A-c membrane ( quantity of interstitial fluid, interstitial alveolar
fibrosis, primary pulmonary hypertension)  disturbances of gas transfer.
9. Pulmonary edema:  distance for gas diffusion   gas transfer   transfer factor
and transfer coefficient.

Perfusion of lung by blood and its disturbances
Pulmonary circulation
It is low pressure system (BP is about 1/5 - 1/7 of that in systemic circulation).
The most important function of the pulmonary circulation is the exchange of gases.
Nutritional pulmonary circulation - bronchial arteries - high pressure system.
Regional lung perfusion and gravity. With regard to the alveolar vessels (not
extraalveolar vessels) lung is divided into four zones:
Zone 1: Pericapillary pressure (Ppc) exceeds the pressure in the pulmonary artery and
vein. Ppc is slightly less than the alveolar (atmospheric) pressure. Blood flow across this
zone is low or absent.
Zone 2: Pulmonary arterial pressure (Ppa) is greater than the Ppc, which in turn is greater
than the venous blood pressure. Blood flow is determined by Ppa - Ppc. The
intracapillary and pericapillary pressures are almost the same.
Zone 3: Ppc is below the arterial and venous pressure and the blood flow is determined
by the arterial-venous pressure gradient. This results in greater capillary filling (capillary
distension) and increased blood flow through capillaries.

152

Zone 4: Try to explain the mechanism influences the blood flow across this zone.

Pathological processes involved in disturbances of blood perfusion across the
lung
Change in lung perfusion is the result of a change in the degree of filling and/or
the number of capillaries involved in the perfusion.
1. Normal perfusion in a sitting position at rest: perfusion of basal parts of the lung is
considerable, while apical zone is perfused, but little.
2. Increased perfusion during work: only slight regional differences are present
3. Greatly increased perfusion: caused by heavy work or severe cardiac left-right hunt.
4. Decreased perfusion: caused by pulmonary hypotension or reduced cardiac output.
5. A reduced capillary bed arises from destruction of capillaries (inflammation,
degeneration, vascular obstruction, tumours )  totally unequal perfusion.
6. Capillary blockage is caused by obstruction of venous return (left heart failure).

Alveolar ventilation-perfusion ratios and their disturbances
Ventilation - perfusion ratio: normal gas exchange between alveoli and capillary
blood is possible if certain alveolar ventilation and certain blood flow through alveolar
capillary is present. In normal circumstances there is a continuous distribution V A/Qc
ratios (ventilate-perfusion) from zero (shunt circulation) to infinity (dead space
ventilation), in which by far the majority of lung units are in the region of VA/Qc = 0.8,
the extremes only being represented to a very small extent.
Under pathological conditions this distribution deviates considerably from the
norm, and a large proportion of the lung units have abnormally high or low VA/Qc
values.
The continuous distribution of VA/Qc throughout the lung under pathological
conditions is often simplified to a model in which the lung consists of two or three areas
with different VA/Qc ratios and areas with dead space ventilation and with shunt
circulation.

The ventilation-perfusion ratios
1. VA/Qc = normal (0.8) - for each litre of blood flowing through the lung unit the
alveolar ventilation is 0.8 l (normoventilation); normal VA/Qc ratio continues when
ventilation and perfusion increase or decrease equally in these alveolar units.
2. VA/Qc is less then 0.8 (hypoventilation) - alveolar unit is little ventilated in
comparison with the alveolar perfusion  O2 uptake and CO2 output are small 
abnormally high CO2 tension and abnormally low O2 tension in the end capillary
blood. Such conditions occur when there is insufficient ventilation with normal
perfusion or increased perfusion with normal or decreased ventilation. Reduction of
VA is often the result of increased flow resistance in the airways. Increased perfusion
(Qc) at rest usually indicates compensatory hyperfunction.
3. VA/Qc is high (hyperventilation) - ventilation is high in proportion to alveolar
perfusion  abnormally large quantity of oxygen and carbon dioxide transported 
high capillary O2 tension and low carbon dioxide tension. Hyperventilation occurs
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when perfusion is normal but ventilation excessive - result of metabolic acidosis, or
when, with normal or increased ventilation, the alveolar perfusion is abnormally small
 result of regional closure of the pulmonary vascular bed (embolism).
4. VA/Qc is zero - there is no ventilation of alveoli, which are, however, perfused. There
is no gas exchange in these alveoli, and the blood gas values do not alter during
passage through the alveoli (alveolar shunt circulation).
5. VA/Qc is infinitely large (dead space ventilation) - there is no blood supply to the
alveoli, which are, however, ventilated.
6. VA and Qc are both abolished - alveoli of this kind generally have no function with
regard to gas transport  collapse of such lung units.
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HYPOXIA, HYPEROXIA (OXIDANTS)
M. Tatár

Lack of oxygen may result from a great variety of causes, including
disease processes, various forms of accidental suffocation, acute and chronic exposure
to low atmospheric pressures in aviation and in mountainous regions, as well as by a
number of intoxications, the ultimate defect in each instance is failure of oxidation
within the tissue cell .
Hypoxia is a general term including all forms of oxygen-lack. The term
hypoxemia signifies diminution of the amount of oxygen in the blood. In asphyxia,
which implies lack of ventilation, the deficiency state of hypoxia is concurrent with
the toxic state of carbon dioxide retention, i.e. asphyxia is hypoxemia plus
hypercapnia.

Hypoxia in diseases
Types of hypoxia
Hypoxemia (hypoxemic hypoxia)
This general term means diminution in the amount of oxygen carried by the
blood. It involves the entire body. It is divided into two types: hypotonic and isotonic.
Hypotonic hypoxemia (hypoxic hypoxia): In this condition the disturbance is
primarily due to a decrease in arterial oxygen tension arterial oxygen content is
correspondingly low. This situation may be brought about:
1. by interference with the passage of oxygen from the air into the blood in the lungs
(mechanical obstruction, drowning, spasm or other occlusion of glottis or bronchi,
insufficient respiratory movements),
2. by impairment of the pulmonary circulation,
3. by inhalation of air containing oxygen at subnormal pressure.
The distinguishing characteristics of hypotonic hypoxemia not due to central
depression are breathlessness, cyanosis and tachycardia. Convulsions may occur if the
condition is severe and sudden in onset. The stimulant phenomena are largely due to
chemoreceptor reflexes.
Isotonic hypoxemia: The arterial oxygen content is reduced but the tension
remains near the normal level. Such conditions are due primarily to diminution in the
concentration of active hemoglobin and therefore are seen in anemia and in
poisoning with substances that combine with hemoglobin in such a way as to limit the
uptake of oxygen (carboxyhemoglobin or methemoglobin). The distinguishing
characteristics are lack of dyspnea or other signs of severe hypoxia, a situation caused
by the fact that in the presence of nearly normal arterial blood gas tension the
chemoreceptors are not prominently stimulated.
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Hypocirculatory hypoxia
This is due primarily to interference with the circulation of blood. It can
occur with or without arterial hypoxemia and may even be present during inhalation
of pure oxygen at sea level since the fundamental defect is subnormal volume of flow
of hemoglobin molecules through the tissue capillaries. In the ischemic form the
circulatory abnormality is on the arterial side and the amount of blood in the
capillaries would be diminished. In the congestive type the interference with flow is
on the venous side and the capillaries are engorged. Either type may be general,
involving the entire body, or local, affecting only certain parts of the vascular bed.
Local ischemic hypoxia results from occlusion, spasm, or interruption of the
arterial supply to a given tissue, as in embolism, arteriosclerosis, Raynauds disease,
or traumatic injury. A special type is seen in cerebral ischemia associated with
elevated intracranial pressure.
General ischemic hypoxia is encountered in the acute circulatory depressions
due to vasomotor paralysis, syncope, shock, vasodilator drugs, or primary cardiac
failure.
Local congestive hypoxia is produced by organic obstruction (external
pressure, thrombosis) to the venous return from a given tissue.
General congestive hypoxia is seen characteristically in congestive heart
failure or other conditions in which systemic venous pressure is elevated.
Overutilization hypoxia
This type is due primarily to an increase in the demand of living tissues for
oxygen to a level so in excess of the available supply as to lead to an acute oxygen
deficiency in them. This is a normal consequence of vigorous muscular exercise,
leading to diminished oxygen tension in the working muscle, anaerobiosis, and
development of an "oxygen debt". A striking example of this relationship is seen in
the prolonged period of cerebral depression following in epilepsy. The increased
demand for oxygen is compounded by the hypoxemia of breathholding during the
violent exercise of a generalized convulsion. The most severe and dangerous
situations is a combination of hypokinetic and overutilization hypoxias, such as
increased cardiac activity in the presence of coronary occlusion.
Histotoxic hypoxia
This condition is due to interference with the ability of the tissue to utilise
oxygen even though the supply is normal or greater than normal. The characteristic
example is the union of cyanide or sulphide with the Fe2+ of cytochrome oxidase.

Effects of generalized hypoxia
Hypoxia localized in a particular volume of tissue is usually due to ischemia,
and the effects are the result of local dysfunction with or without pain (coronary
occlusion, cerebral thrombosis). The presence of generalized hypoxia is sometimes
more difficult to establish. There are so many ways in which hypoxia can develop that
it is not surprising that no single pattern of symptoms and sings can be encountered
even in detecting its existence. The effects of hypoxia will vary with its severity, with
its rate of development, and with its duration.
It is probable that the mechanism of the disruptive actions of hypoxia is the
same in all forms not involving poisoning of tissue enzymes. This mechanism entails
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failure of the processes of energy expenditure involved in maintaining the
physicochemical relationships necessary for normal cellular function.

Susceptibility of different types of cells to hypoxia
It is usually considered that the susceptibility to anoxia varies widely from one
tissue or organ to another. It is well known that when arterial hypoxemia occurs the
most obvious failure of function associated with this generalized cellular hypoxia
occurs in the central nervous system i.e., consciousness is lost at levels of arterial
oxygen tension that support cardiac, renal, and digestive functions. The heart is
generally considered second to the brain in overall susceptibility to anoxia. It is
probable that "sensitivity to hypoxia" to a tissue or organ is more related to relative
rates of blood (oxygen) flow and oxygen consumption than to differences in
susceptibility of specific enzyme systems within the cell.
Hypoxic depression of other vital functions such as insulin secretion, tubular
reabsorption of glucose, or gastrointestinal motility is not detected with the same ease
as is syncope or acute myocardial failure due to anoxia. On the basis of these
examples several aspects of differential susceptibility to anoxia can be visualized,
including the following:
1. The ability of certain cellular reactions and functions to occur at a lower than
normal PO2. Thus skeletal muscle, capable of deriving energy for contraction by
way of anaerobic processes, can be contrasted with the brain, which has
practically no alternative to aerobic oxidation of glucose.
2. The ability of an organ to sustain a balance between its oxygen supply and oxygen
requirement. Again, the brain, with its high rate of oxygen utilisation, and the
heart, an exercising muscle organ even when the body is at rest, can tolerate less
diminution of oxygen supply than can the slowly metabolizing skin.
Influence of rate of onset of anoxia
The speed with which hypoxia develops, whether in disease or under
environmental stress, has considerable influence upon the severity of its effects.
Therefore an elderly patient with chronic, severe cardiopulmonary disease may
tolerate a degree of hypoxemia that could within several hours cause the death of a
young patient with pneumonia.
Influence of duration of anoxia
The decrease in functional activity produced by hypoxia depends on
derangements that are reversible only if the product of intensity times duration of
exposure is small. Otherwise irreversible damage is produced, recovery does not
occur when the hypoxia is removed, and permanent morphologic changes may take
place. The margin between reversibility and irreversibility may be very narrow. The
longer the exposure lasts the slower is the recovery when normal conditions are
restored.
Repeated exposures to reduced oxygen pressures can produce marked
deterioration in cerebral functions. Evidently the brain does recover completely from
a brief exposure to severe hypoxia or from a prolonged exposure to moderate hypoxia
until many hours (24 to 72) have elapsed, and the more severe the anoxia or the longer
the exposure the longer the time required for complete recovery.
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Determination of presence and degree of clinical hypoxia
It is often difficult to recognize the existence of hypoxia in disease, to
determine its degree, and to establish a requirement for therapy with oxygen.
Differences due to the type, cause, severity, and duration of hypoxia are further
exaggerated by the presence of other symptoms of the concurrent disease process. For
these reasons most of the physiologic signs of hypoxia have limited value.
Dyspnea and hyperventilation may be prominent results of chemoreceptor
drive, as in hypoxia caused by atelectasis. However, respiratory stimulation is not a
useful guide to hypoxia in the isotonic hypoxemia of CO poisoning (minimal
chemoreceptor stimulation).
Pulse rate, less well compensated than respiration, tends to increase
progressively when the chemoreceptors are activated by hypoxia. However, this sign
useful only when the hypoxia is one associated with a lowered arterial PO2.
Cyanosis may be evident as a bluish colour change of the skin, nail beds, or
mucosae, the degree of coloration in a particular individual being roughly
proportional to the unsaturation of the blood. Actually the blue colour in cyanosis is
due to the absolute concentration of reduced or otherwise unoxygenated hemoglobin
in the capillaries and not to the relative proportions of reduced and oxygenated
hemoglobin. It has been found that about 50 g of reduced Hb/1l of capillary blood or
an oxygen unsaturation of 67 ml/1l (since 1g of Hb can combine with 1.34 ml of
oxygen) is about the threshold level at which cyanosis appears. Consequently an
anemic subject cannot become cyanotic. Conversely, a patient with polycythemia may
show cyanosis even though the degree of hemoglobin unsaturation is less than normal.
Cyanosis must for many reason be considered an imperfect indicator of hypoxia.
When present it reveals only the state of the superficial circulation.
Self - detection of acute hypoxia
As hypoxia develops, the progressive depression of central nervous system
function affects the powers of introspection, discrimination, logic, and judgement.
Dizziness and euphoria may be recognized by the patient, but these symptoms are not
specific for hypoxia. With increase in the severity of the anoxia, sensory disturbances
develop and include diminished visual and auditory acuity and decreased sensitivity
of touch and position sense. Still later, muscular weakness with lack of coordination
becomes prominent and, ultimately, unconsciousness occurs.
Since no distressful sensations are produced, the entire experience is
comfortable and even rather pleasant.

Oxidants
Source and type
Involvement of oxygen radicals has been associated with a number of
diseases. The source of oxidants varies considerably for each specific case: Stimulated
leukocytes (both polymorphonuclear leukocytes (PMNs) and macrophages) are the
primary source of oxidants in inflammatory diseases. In addition to leukocytic cells,
endothelial cells themselves are capable of O2- formation under certain conditions.
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The NADPH oxidase/cytochromeb554 system in the plasma membrane of stimulated
PMNs forms O2-.
O2- itself is not indiscriminately reactive, although it selectively damages a
limited number of targets (e.g., catalase). Its protonated form, HO2, can, however,
directly attack polyunsaturated fatty acids, similar to OH. O2- quickly dismutates to
H2O2. For extracellular O2-, this reaction is nonenzymatic and is presumably
supported by the acidic pH in the proximity of stimulated PMNs. Since H2O2 easily
diffuses through cell membranes OH formation may occur extra- or intracellulary.
Because of its extremely high reactivity, OH will always cause damage at the site of
its formation.
Hyperoxia
It leads to intracellular O2- formation by electron-slip of mitochondrial as well
as "microsomal" respiratory chains. O2- is degraded to H2O2 by cellular superoxide
dismutase (SOD). Certain percentage of O2- and H2O2 escape the cellular defence
mechanisms under the condition if increased formation during hyperoxia.
Cigarette smoke
It contains a multitude of oxidizing compounds. In addition, cigarette smoking
attracts macrophages into the lungs. Oxidants and proteases may enhance each other´s
damaging effects. Various oxidants (e.g., H2O2, OH, HOCl) affect cells very different
ways.

Effect of neutrophil - derived oxidants on cell viability
When target cells were exposed to stimulated neutrophils macrophages, cell
lysis occurred over a period of several hours. The oxidant species causing cell death in
most cases was H2O2.
Pathways of cellular damage caused by H2O2
H2O2 produced by stimulated PMNs caused formation of DNA strand breaks
in target cells. These strand breaks were observed within seconds after the addition of
oxidant, and they could be prevented by the addition of catalase. At higher
concentrations of H2O2, ATP synthesis is directly affected, resulting in inhibition of
both glycolysis and mitochondrial respiration. At slightly higher concentration of
H2O2 an increase of intracellular Ca2+ is observed, primarily due to release from
intracellular stores. Increase of free inracellular Ca2+ activates a number of potentially
harmful enzymes (Ca2+-dependent proteases, endonuclease, and phospholipase A2).
Finally, cytoskeletal derangement and bleb formation are shortly followed by cell
lysis.
Under
these
condition,
primarily
phosphatidylcholine
and
phosphatidylethanolamine are oxidized. Concomitantly, aldehydes are generated.
Protein-bound aldehydes can secondarily inactivate plasma membrane proteins such
as Na+,K+,ATP-ase.
Long-term effects of H2O2
Strand breaks may, for example, cause chromosome rearrangements, and base
hydroxylation may result in point mutations. In addition, H2O2 is capable of initiating
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lipid peroxidation in the presence of metal ions, and a number of these products (fatty
acid hydroperoxides, aldehydes, and cholesterol hydroperoxides) are themselves
mutagens. Thus, formation of oxidants may explain the association of chronic
inflammation with carcinogenesis, observed in disorders such as ulcerative colitis,
tuberculosis, asbestosis, and may be a contributing factor in carcinogenesis due to
cigarette smoking.
Role of transition metal in oxidative injury
Most of the H2O2-induced damage is dependent on the formation of OH
radical in the presence of transition metal, primarily iron. Iron can be released from
various proteins during oxidative or inflammatory processes: H2O2 can cause iron
from hemoglobin, and this is then responsible for OH formation and, for example,
lipid peroxidation. The location of reactive iron will determine primary sites of OHinduced damage: iron released from transferin may thus initiate lipid peroxidation of
plasma membranes, whereas iron bound to DNA will cause DNA damage in the
presence of H2O2.

Effects of hyperoxia
Hyperoxia leads to increased intracellular O2- production, only limited data are
available on the biochemical mechanisms involved in cytotoxicity. Hyperoxia is
clearly genotoxic, and it results in inhibition of DNA synthesis. RNA synthesis is
particularly sensitive to hyperoxia. Differences in the toxic effects of a bolus of H2O2
versus prolonged low-level oxidative stress during hyperoxia may, at least partially,
be due to the different rates of H2O2 formation. Depletion of reduced glutathione may
be deleterious to cells (sustaining lipid peroxidation and allowing oxidation of protein
sulfhydryls) and may contribute to the injury observed during hyperoxia.

Antioxidants
Under normal circumstances, generation of oxidants by phagocytic cells
(alveolar macrophages, monocytes, and neutrophils) probably occurs daily and is
essential for effective host-defence against invading microorganisms. It is also likely
that O2 metabolites serve as key mediators in a variety of biologically relevant control
process which are not well defined at the present time
Considerable evidence also links oxidants to the development of a number of
human lung diseases. Oxidants can be generated by endogenous mechanisms
involving phagocytes, xanthine oxidase, cytochrome P450 oxidases, mitochondria,
and arachidonic acid metabolism. Lung oxidants can also be increased from
exogenous sources, such as inspiration of polluted air and cigarette smoke. Pathologic
processes accounting for increased production of oxidants internally include
inflammation production, ischemia-reperfusion (hypoxia-reoxygenation) insults,
inhalation of toxic gases or inert particles, and intake of certain deleterious drugs. It is
probable that oxidants contribute to tissue injury in toxic gas inhalation (e.g.,
hyperoxia, ozone, NO2)
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Antioxidant defences
1. There is a specificity in the scavenging ability of various antioxidants. Nearly
every cell contains a number of enzymatic scavengers, including superoxide
dismutase (SOD), catalase, and glutathione redox systems which degrade specific
oxidants in specific ways. For example, SOD converts superoxide anion (O2-) to
hydrogen peroxide (H2O2), whereas catalase preferentially degrades H2O2.
2. There is often a selective localization within cells of each antioxidant. For
example, manganese-rich SOD is localized near mitochondrial structures, whereas
SOD rich in copper-zinc is primarily localized in cytoplasmic areas.
3. Antioxidant levels and activities are not stable. Antioxidant enzymes can be
inactivated by oxidants. SOD is susceptible to inactivation by H2O2, and O2- can
inactivate catalase.
4. A large number of extracellular antioxidants exist. These include ceruloplasmin,
extracellular SOD, lactoferrin, -carotene, albumin. The importance of these
extracellular antioxidants is unknown, but they appear to be necessary for
maintaining oxidant-antioxidant balance, especially along blood endothelial
barriers.

Direct antioxidant mechanisms
Antioxidant enzyme systems
These antioxidant enzymes eliminate O2 radicals and hydroperoxides that may
subsequently oxidize crucial cellular structures. These antioxidant enzyme systems
also inhibit free-radical chain reactions by decreasing radicals which initiate the
process.
Catalase has appreciable reductive activity for H2O2 and other small methyl or
ethyl hydroperoxides but which does not metabolize large-molecule peroxides, such
as lipid peroxide.
Glutathione redox cycle is a central mechanism for reduction of intracellular
hydroperoxides, also degrades large-molecule lipid peroxides. The key enzyme in the
glutathione redox cycle is glutathione peroxidase (GSH-Px). GSH redox cycle is a
pivotal antioxidant defense mechanism for cells.
SOD is an enzyme which uses superoxide anion (O2-) as a substrate. SOD,
catalase, and GSH peroxidase are highly complementary enzyme systems that
optimally combine to limit oxidant stress. These antioxidants also protect each other
from oxidant inactivation. For example, H2O2 can inactivate SOD, and O2- can inhibit
catalase and peroxidase function.
Nonenzymatic antioxidants
Vitamin E partitions into lipid membranes. It is a particularly effective
antioxidant, which converts O2-, OH, and lipid peroxyl radicals to less reactive O2
metabolites.
Beta-carotene accumulates in high concentrations in the membranes of certain
tissues. Can scavenge O2- and react directly with peroxyl-free radicals, thereby
serving as an additional lipid soluble antioxidant.
Vitamin C can directly scavenge O2- and OH.
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Albumin is an additional antioxidant that can bind copper tightly and iron
weakly to its surface.

Indirect antioxidant mechanisms
Reduction of oxidant formation
Decreasing excess oxidant formation is a first step in improving cell survival.
Considerable oxygen radical formation occurs during normal cellular oxidative
phosphorylation. Conditions such as hyperoxia can result in enhanced oxygen radical
formation from the mitochondrial electron-transport chain.
O2 metabolite production by phagocytes also be reduced by decreasing the
number of cells or by preventing their adherence to key structures.
Removal of factors which enhance oxidant toxicity
Certain substances convert less toxic O2 metabolite species to more toxic O2
metabolite species. Transitional metal ions, most notably iron, play a major role in the
generation of more toxic oxygen species. The intense reactivity and cytotoxicity of
OH and H2O with Fe2+ suggest that prevention of OH formation through limitation of
transitional metal availability is an important cell defence process. The availability of
free extracellular iron is avoided through several mechanisms. Hemoglobin is stored
and protected within erythrocytes that are rich in antioxidant defence mechanisms.
The majority of remaining extracellular iron is bound avidly to transferrin and
lactoferin. Ceruloplasmin, is an important extracellular antioxidant that functions
coordinately with transferin to promote iron binding and prevention.
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PATHOPHYSIOLOGY OF BRONCHIAL ASTHMA AND
CHRONIC OBSTRUCTIVE PULMONARY DISEASE (COPD)
J. Hanáček

Definition of bronchial asthma
Previous attempts to define asthma in terms of airflow obstruction, its
reversibility, and bronchial hyperresponsiveness have fallen short (are insufficient)
because of a lack of understanding of the disease mechanisms.
Asthma is a chronic inflammatory disorders of the airways, in which many
cells play a role, including mast cells and eosinophils. In susceptible individuals this
inflammation causes symptoms which are usually associated with widespread but
variable airflow obstruction that is often reversible either spontaneously or with
treatment, and causes an associated increase in airway responsiveness to a variety of
stimuli.
Bronchial asthma is now considered as chronic persistent inflammatory
disease of the airways characterised by exacerbation of coughing, wheezing, chest
tightness, and difficult breathing that are usually reversible, but that can be severe
and sometimes fatal.

Classification of bronchial asthma based on aetiology
Factors that induce inflammation with associated airway narrowing and
hyperresponsiveness are called inducers. Factors that precipitate acute constriction in
susceptible individuals are called inciters (challengers).
Intrinsic (cryptogenic) asthma
Group of patients suffering from asthma in whom no environmental cause
can be identified, negative skin tests to common airborne allergens, normal level of
total IgE, asthmatic symptoms onset at older people, rather negative family history,
the most of them are women.
Extrinsic asthma
Those of patients whose asthmatic symptoms are associated with atopy, a
genetic predisposition for directing an IgE, mast cells and eosinophils response to
common environmental allergens
Occupational asthma
Those of patients with sensitisation of the airways to a single agent (comming
from occupational environment) involving IgE or non-IgE mechanisms.
The recent associations found between serum IgE and indices of asthma in all
age group-including individuals who are "not atopic" raises the possibility that all
forms of this disease relate to mucosal inflammatory response to environmental or
endogenous antigens.
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Airway hyperreactivity (AH)
It has come to be related as a fundamental change of the airway in asthmatics.
"Hyperreactive airways are airways that narrow too easily and too much to a wide
variety of provoking stimuli".
Reactivity of airways can be considered as one of the physiologic reaction
controlled by an array of mechanisms.
It displays a significant biological variability and it can be considered as an
effect of balance between two groups of factors with contrary influence on the
airways:
1. Antihyperreactive factors: beta-adrenergic, VIP (partly), peptide histidinmethionine (PHM), anticholinergic mediators, antioxidants, corticoids, others.
2. Prohyperreactive factors: alfa-adrenergic, cholinergic, tachykinins, oxygenderived free radicals, peptidases, others.
Numerous factors can damage this balance (e.g. viral respiratory infections,
exposure to air pollutants, antigen - antibody reactions).
Essential mechanisms involved in AH development
1. antihyperreactive factors (mechanisms) are weaken
2. prohyperreactive factors are stronger (they overcome the antihyperreactive ones)
3. combination both of these processes

Mechanisms of imbalance
Changed genetic information
It can underlie predisposition to appearance of AH to certain environmental
stimuli. Up to now we do not know well the genes that determine AH.
Neural control of airways
It is far more complex than previously recognised. In addition to the classic
cholinergic and adrenergic mechanisms, neural pathway that are neither adrenergic,
nor cholinergic (NANC) have been described. Both excitatory (bronchoconstriction)
and inhibitory (bronchodilation) NANC mechanisms have been described in human
airways.
Principal autonomic excitatory input to human airway smooth muscle is via
parasympathetic cholinergic fibres (vagus nerve) and acetylcholine (ACH) releasing
at its endings. This control can be modulated in many ways by different mediators
acetylcholine, catecholamines, tachykinins, autacoids (metabolites of arachidonic
acid) e.g. prejunctional inhibition of ACH releasing from nerve terminals has been
demonstrated for norepinephrine, ACH, prostaglandins (some
of them), whereas
histamine, serotonine, substance P and prostaglandin F2 have been shown to enhance
ACH release by prejunctional mechanism.
Little is known on the inhibitory neural pathways, but VIP is likely to be the
principal neurotransmitter. Defect in inhibitory influence to airway smooth muscle
would certainly account for some of the features of AH and bronchial asthma. Defect
might develop as a result of the inflammatory mediators that are able to break down
VIP and PHM.
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Damage or dysfunction of the central regulator of autonomic nervous system
function can lead to increased neural drive to smooth muscle and this mechanism may
be the dominant mechanism of AH and asthmatic attacks.
Excitatory NANC nerves
They are involved in the inflammatory response in several tissue and there is
close interaction between inflammatory cells and nerves. The release of
neurotransmitters from sensory nerve endings of airways may exacerbate the
inflammatory response. Such inflammation is called neurogenic inflammation. The
cause of this kind of inflammation is releasing of tachykinins (substance P,
neurokinin A, calcitonin gene related peptide) into the tissue resulting in
bronchoconstriction, hyperemia, vasodilatation, plasma exudation, mucus
secretion.
Axon reflex mechanism is probably involved in pathogenesis of asthma.
Damage to the airway epithelium (due to air pollutant, viruses, enzymes
released by inflammatory cells) exposes sensory nerve endings which, when activated
by inflammatory mediators (e.g. bradykinin), leads to release of sensory peptides from
sensory nerves. These peptides cause spreading and amplification of mucosal
inflammation and contraction of airway smooth muscle. The releasing of
neuropeptides from airway sensory nerves may be modulated by activation of several
types of prejunctional receptors. This activation may inhibit release of multiple
neuropeptides from sensory nerves and by such a way to modulate intensity of
neurogenic inflammation.
Mediators of airway inflammation
They influence airway epithelium and airway vasculature, too. Some of them
produce vasodilatation and they increase vascular permeability. The result is
extravasation of plasma and plasmatic macromolecules into the airway mucosa.
Tachykinins also increase endothelial and epithelial permeability. Epithelial
leakness results in exudation of liquid into the airway lumen. Cleavage of plasma
protein results in the generation additional mediators (e.g. bradykinin) that promote
further plasma exudation and increase of airway reactivity. It seems that leaky cell
junctions are very important pathophysiological process responsible for airway
hyperreactivity.
Ratio among tachykinins-peptidases-antipeptidases in airway wall
It is very important for airway reactivity. This ratio may be changed by airway
inflammation   formation and releasing of tachykinins from sensory nerves, 
cleavage of peptidases, which are involved in tachykinins degradation.
Additional mechanism responsible for increased effect of tachykinins during
airway inflammation is decreased activity of neutral endopeptidase (NEP) in airway
mucosa. NEP is one part of the degradative system for tachykinins. If activity of NEP
is normal than even under conditions that stimulate the release of neuropeptides, these
mediators can be degraded and large response of tissue to their influence can be partly
or fully reverted. However, if NEP is destroyed (e.g. by inflammatory mediators proteases), the neuropeptides may have greater potencies. There is evidence that
decreasing of NEP concentration in airway wall correlated well with intensity of
airway hyperresponsiveness.
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Metabolites of arachidonic acid
They may be relevant in the pathogenesis of asthma. These lipid mediators
have traditionally been considered in two classes:
1. mediators which result from the action of the enzyme cyclooxygenase on
arachidonic acid  prostaglandins (PGs) and thromboxane (Tx),
2. mediators which result from the action of the enzyme 5-lipoxygenase on
arachidonic acid  leucotrienes (LTs).
LTC4 + LTD4 + LTE4 = slow reacting substance of anaphylaxis.
Platelet - activating factor (PAF) has been recognised to be a mediator
derived from arachidonic acid metabolism, too.
In bronchial asthma it is likely that several eicosanoids (prostaglandins,
leucotrienes, PAF), such as PGD2, TxA2 and peptidoleucotrienes LTC4 and LTD4
are involved in causing acute bronchoconstriction after stimuli such as inhaled
allergen or exercise.
Inflammatory and other cells
There is evidence that inflammatory and other cells of the airways as well as
cytokines are involved in pathogenesis of bronchial asthma. Infiltration of airway wall
by a variety of inflammatory cells and particular the eosinophils, but also other
granulocytes is present in asthmatics (intraepithelially, in the submucosa).
Macrophages and lymphocytes are particularly common in the lamina propria.
Increased number of mast cells in the airway mucosa is present in the airway mucosa
of patients with asthma and many of them show signs of degranulation.
Denuded airway epithelium is very often in patients with severe asthma.
Possible role in asthma has been supposed for cytokines. These cells mediators
may have certain role in the amplification of both allergic and nonallergic
inflammation.
These cytokines include:
- interleukins (IL)
- growth factors (GF): granulocyte-macrophage GF, granulocyte GF, monocyte GF
- colony - stimulating factors (CSF)
- tumor necrosis factor (TNF)
Mast cells
are found near the surface of the airway lumen in asthmatics. They would
come to the immediate contact with inhaled allergen and might initiate the early
asthmatic response. They release:
- histamine, PGD2, LTC4
- neutrophil chemotactic factor
- cytokines: granulocyte - macrophage - CSF, IL-3, IL-4, IL-6
Eosinophils (Eo)
production and release of Eo by the bone marrow is modulated by T
lymphocyte-derived cytokines. They contain and release:
- major basic protein (MPB) - it is toxic for bronchial epithelium
- eosinophil peroxidase (EPO) - it kills viruses and bacteria
- eosinophil cationic protein (ECP)
- eosinophil protein X (EPX)
- eosinophil - derived neurotoxin
- LTC4, PAF
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These mediators may contribute to tissue damage in bronchial asthma.
Eosinophils degranulate during the peak of late-phase inflammatory reaction of
asthma.
A number of cytokines (GM-CSF, IL-3, IL-5) promote the differentiation and
maturation of Eo from bone marrow precursors. This mechanism may be important in
perpetuating the eosinophilic inflammation in asthmatic airways.
Macrophages
and monocytes may be involved in pathogenesis of asthma. Macrophages
demonstrate an enhanced production of eicosanoid mediators, oxygen free radicals,
and cytokines.
Monocytes may participate in an immune mediated chronic inflammation by
presenting antigen to T-helper cells.
T-lymphocytes
play important role in pathogenesis of asthma. CD4 + phenotype of Tlymphocytes may be a feature of the pathogenesis of acute severe asthma. Tlymphocytes may affect the inflammatory process through the release of soluble
lymphokines (GM-CSF, IL-3, IL-5). IL-5 has been reported to be selectively
chemotactic for Eo.
Epithelial cells
do not merely play a passive role (physical barrier) but may be actively
involved in the recruitment and maintenance of chronic inflammation (release
chemoattractant to lymphocytes - IL-6, release of AA metabolites). They may
participate in pathogenesis of asthma by adhesion of leucocytes to microvascular
endothelium, which is essential for their migration into inflamed tissues. Intracellular
adhesion molecule-1 (ICAM-1) is upregulated by inflammation and it is important for
transendothelial migration of inflammatory cells from blood to airway tissues.
Neutrophils
do not play a central role in the mechanism of asthmatic inflammation, but
their properties are changed, too.
All of the mentioned mechanisms may be involved in pathogenesis of
asthma but with different extent.
Types of asthmatic reactions
1. In patients with allergic asthma, allergen inhalation induces an IgE - mediated
early asthmatic reaction which is maximal at 15-30 min and resolves within 1-2
h. This reaction is due to the release of bronchoactive substances (histamine,
leucotrienes) by mast cells.
2. In approximately 50 % of the patients, the early response is followed by a late
asthmatic reaction which begins at 3-4 h, is maximal at 6-12 h and generally
resolves within 24 h. The late asthmatic reaction is correlated with cellular
inflammation in the airways, costing of Eo, neutrophils and T-lymphocytes.
3. Chronic phase - inflammation around bronchi.
The results of influence of asthmatic pathogenetic mechanisms on the airways
function
The main result of influence of asthmatic pathogenetic mechanisms in airways
is decreased cross-sectional surface of the airways and decreased airway diameter.
Mechanisms:
1. contraction of airway smooth muscles,
2. increased thickness of airway mucous layer:
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- inflammatory oedema
- infiltration by inflammatory cells
- folding of mucosa during smooth muscle contraction,
3. increase quantity and/or increased viscosity of airway mucus (hyperkrinia, and/or
dyskrinia),
4. hypertrophy of airway smooth muscle and increased quantity of connective tissue
in the airway wall.
These pathological changes are unevenly distributed throughout the lung, so,
the disturbance of ventilation and distribution of ventilation result. At the same time
there is disturbance of lung perfusion and alveolar ventilation and perfusion are not
matched properly  VA/Qc ratio is decreased  venous shunt  arterial
hypoxemia.

Chronic obstructive pulmonary disease
The major characteristic of COPD is the presence of chronic airflow
limitation that progresses slowly over a period of years and is, by definition, largely
irreversible.
Definition of COPD
COPD is a disorder characterised by reduced maximum expiratory flow and
slow forced emptying of the lungs; features which do not change markedly over
several month. Most of the airway limitation is slowly progressive and irreversible
Airflow limitation is due to varying combination of two processes:
1. airway disease
2. emphysema
The relative contribution of the two processes is difficult to define in vivo.
The airway component = decrease of luminal diameters
Mechanisms:
- increased wall thickening
- increased intraluminal mucus
- changes in the lining fluid of the small airways
Definition of emphysema
Anatomically: permanent, destructive enlargement of airspace’s distal to
terminal bronchioles without obvious fibrosis. Loss of alveolar attachments to the
airway perimeter contributes to airway stenosis
Definition of chronic bronchitis (CHB)
The presence of chronic or recurrent increases in bronchial secretions
sufficient to cause expectoration. The secretions are present on most days for a
minimum of 3 month a year, for at least two successive years, and cannot be attributed
to other pulmonary or cardiac causes. This hypersecretion can occur in the absence of
airflow limitation.
Patients with COPD often exhibit:
- minimal reversibility of airflow limitation with bronchodilators,
- airway hyperresponsiveness to a variety of constrictor stimuli is common,
- often have recurrent or persistent productive cough.
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Pathophysiology of COPD
Evolution of the disease
The early stages of COPD: unevenly distributed narrowing of peripheral
airways.
Progression of the disease: -  FEV1,  VC,  RV,  total airway resistance
and inequality in V/Q.
When emphysema develops:  lung elastic recoil,  transfer coefficient, 
static lung compliance,  total lung capacity.
V/Q inequality is the major mechanism impairing gas exchange and leading to
arterial hypoxemia.
Variety of abnormal V/Q distributions
In patients with severe, advanced COPD may be found:
a) Units with high V/Q - in some lung units; most of the ventilation occurs in the
zone of higher V/Q.
b) Very low V/Q - in some lung units; large proportion of blood flow perfuses lung
units with very low V/Q
c) Combination of high V/Q and low V/Q - in some parts of the lung; high V/Q
units probably represents emphysematous region with alveolar destruction and
loss of pulmonary vasculature. Low V/Q units may represent areas with partially
blocked airways.
The absence of shunts suggest that collateral ventilation and hypoxic
pulmonary vasoconstriction are very efficient, or that airway occlusion is not
functionally complete.
Flow-limited expiration
With increasing severity of airflow obstruction, expiration becomes flowlimited in early stages during exercise, during progresion also at rest.
 FRC is due to:
a) static factors, e.g. loss of lung elastic recoil,
b) dynamic factors - emptying of the alveoli at the end of expiration worsens
because of slowed rate of lung emptying.
Consequence: dynamic pulmonary hyperinflation.
 FRC can impair inspiratory muscle function and coordination although the
contractility of diaphragm, when normalised for lung volume, seems to be preserved.
However, chronic hypercapnia is related to inspiratory muscle dysfunction.
Because of the increased mechanical workload, the energy consumption of the
inspiratory muscles at any level of minute ventilation is greater than in normal
subjects. Respiratory drive is increased to maintain minute ventilation, which
generally remains within normal limits.
Hypoxic pulmonary vasoconstriction may be present  pulmonary
hypertension  right heart dysfunction.
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RESPIRATORY FAILURE
M. Tatár

Respiratory failure is usually end result of chronic respiratory disease. It could
be a complication of acute trauma, septicaemia, or shock..
Definition
The lung cannot fulfil its primary functions of gaseous exchange, namely,
oxygenation of the arterial blood and carbon dioxide elimination. PaO2 decreases
below 8.0 kPa (60 mm Hg) with or without a PaCO2 increase more than 6.4 kPa (49
mm Hg).
Classification of RF
According to intensity of gas exchange disturbance:
1. hypoxemic (partial) RF: (hypoxemia with normal or low PaCO2)
PaO2  8.0 kPa (60 mm Hg), PaCO2  6.4 kPa (49 mm Hg),
2. hypercapnic (global) RF, or ventilatory failure (hypoxemia and hypercapnia)
PaO2  8.0 kPa (60 mm Hg), PaCO2  6.4 kPa (49 mm Hg).
According to speed of development RF:
1. acute respiratory failure
2. chronic respiratory failure (persists many days or months)
According to intensity of the signs and symptoms, and conditions when they
onset:
1. latent RF (blood gases are mildly abnormal or within normal limits at rest,
markedly abnormal during exercise)
2. manifested RF

Causes of RF
Extrinsic lung disorders (extrapulmonary)
1. Respiratory centre depression: drug overdose (sedatives, narcotics), cerebral
trauma or infection, bulbar poliomyelitis, encephalitis.
2. Neuromuscular disorders: cervical cord injury, Guillain-Barre syndrome,
myasthenia gravis, muscular dystrophy.
3. Pleural and chest wall disorders: chest injury (flail chest, rib fracture),
pneumothorax, pleural effusion, kyphoscoliosis, obesity (Pickwickian syndrome).
Intrinsic lung disorders
1. Diffuse obstructive disorders: emphysema, chronic bronchitis (COPD); asthma,
status asthmaticus, cystic fibrosis.
2. Diffuse restrictive disorders: interstitial fibrosis (caused e.g. by silica, coal dust),
sarcoidosis, scleroderma, pulmonary edema (cardiogenic, noncardiogenic),
atelectasis, consolidated pneumonia.
3. Pulmonary vascular disorders: pulmonary emboli, severe emphysema.
Number of precipitating factors can result in acute respiratory failure in
persons with chronic lung disease = acute - on - chronic RF:
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a)
b)
c)
d)
e)
f)
g)
h)

infection of airway, pneumonia, fever,
increased volume and/or viscosity of tracheobronchial secretions,
bronchospasm (due to irritants, allergens),
disturbance in ability to clear secretions from tracheobronchial tree,
sedatives, narcotics, anesthesia,
trauma (including surgery),
cardiovascular disorders (heart failure, pulmonary embolism),
pneumothorax.

Mechanisms of hypoxemia
1. Ventilation/perfusion (V/Q) mismatch - low V/Q ratio is by far the most
important
Alveoli with high V/Q ratios cannot fully compensate for those with low V/Q
ratios with the reference to oxygen transport.
a) The factors determining oxygenation and ventilation are different and must be
analysed separately.
b) The PaCO2 must be regarded as a function of the overall ventilation of the
entire lung, without regard to local inequalities of distribution of ventilation
and perfusion.
c) The PaO2, on the other hand, depends not only on the amount of alveolar
ventilation but also on the matching of ventilation and perfusion.
d) Hypercapnia must be viewed as representing a problem not only with
oxygenation but also with ventilation.
Until VA/QA mismatch does not influence the most alveolar units, the
consequence is hypoxemia only.
Mechanism involved:
VA/QA mismatch   PaO2,  PaCO2  stimulation of breathing  
ventilation  increased VA in unaffected alveolar units  VA/QA is high   PaO2,
 PaCO2  blood from alveolar units with VA/QA mismatch and from these with
high VA/QA ratio is mixed and normal PaCO2 is present, however  PaO2 is not
changer due to this mechanism because of S-shaped HbO2 dissociation curve. Thus, in
situations like this, alveolar units with high VA/QA ratio can compensate for
hypoventilating units only PaCO2.
2. Right-to-left shunting of blood (true venous admixture)
Extreme type of V/Q mismatch in which ventilation of the alveolar units is
zero while perfusion continues:
a) anatomic
- intracardiac
- intrapulmonary,
b) alveolar capillary shunt (anatomic - like shunt)
- atelectasis
- consolidated pneumonia
- alveolar edema or exudate.
Hypoxemic respiratory failure caused primarily by shunting is difficult to treat
because the hypoxemia is not readily correctable by oxygen therapy.
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3. Diffusion impairment
It is no longer consider to be a significant factor in producing hypoxemia. It
may ply a minor role when there is thickening of the alveolar-capillary membrane
(pulmonary fibrosis, sarcoidosis). When diffusion time is reduced during exercise this
may be a reason for diffusion limitation to make a greater contribution to hypoxemia.
4. Alveolar hypoventilation
Virtually all alveolar units in lungs are hypoventilated, which causes
hypoxemia with hypercapnia.
Hypoxemia associated with pure hypoventilation is generally mild (PaO2 = 50
to 80 mm Hg) and is directly caused by the elevation of the alveolar PaCO2 (partial
pressure of all the alveolar gases must add up to the total atmospheric pressure).
Thus when PaCO2 increases, the PaO2 must decrease and vice versa at the constant
total atmospheric pressure.:  PaCO2 from 40 to 50 mm Hg leads to  PaO2 from 100
mm Hg to 88 mm Hg (RQ is 0.8).
Low FiO2 in inspired air (high altitude) could be regarded as hypoxemia cause
in people with mountain sickness.
In summary, when hypoxemic respiratory failure is present, the principal
mechanisms involved are low V/Q ratio or shunting, either alone or in combination,
diffusion impairment may possibly make a minor contribution to the hypoxemia.

Mechanisms of hypercapnia
1. Alveolar hypoventilation
Alveolar hypoventilation is primary cause of hypercapnia.
PaCO2 is directly related to CO2 production (metabolic rate) and is nearly
inversely proportional to the alveolar ventilation.
Consequences:
- if VA is halved  PaCO2 will be doubled (CO2 production is constant).
- if VA is doubled  PaCO2 would be halved.
Alveolar hypoventilation caused by general hypoventilation of the lungs leads
to hypercapnia
.
2. V/Q inequality
V/Q inequality alone generally has a trivial effect on the PaCO2. However,
progressive involvement of more and more of the lung by the disease process will
result in more and more alveolar units with low VA/QA ratios. Eventually a point is
reached at which the remaining high VA/QA units cannot compensate for the low
VA/QA units  hypercapnia ensues.
If dead-space ventilation is increased significantly (wasted ventilation),
overall ventilation must increase to maintain effective alveolar ventilation.
In advanced disease the work of breathing may cause respiratory muscle
fatigue be so great as to cause hypercapnia and hypoxemia .
In summary, hypercapnic RF, or ventilatory failure may be caused by
hypoventilation alone or in combination with any or all of the other hypoxemic
mechanisms, pure ventilatory failure occurs in extrapulmonary disorders.

172

Clinical features of RF
Hypoxemia in chronic RF
1. Neurologic manifestation:
- headache (due to distension of brain vessels, increased capillary permeability,
brain edema),
- mental confusion (due to dysfunction of nerve cells caused by hypoxia and
hypercapnia),
- impairment of judgment, slurring of speech, asterixis, impairment of motor
function, agitation,
- restlessness that may progress to delirium and unconsciousness.
2. Cardiovascular manifestations:
- tachycardia,  CO,  BP - initial response to hypoxemia,
- bradycardia, hypotension,  CO, dysrhytmias - responses to persisting hypoxia,
- vasoconstriction of the pulmonary blood vessels,
- cyanosis.
3. Metabolic consequences:
- metabolic acidosis
4. Respiratory consequences:
- dyspnea
Hypercapnia
- depression of the CNS (CO2 narcosis)
- cerebral vasodilatation   cerebral blood flow   intracranial pressure 
headache (mainly in the morning)
- papilledema
- neuromuscular irritability (asterixis)
- fluctuation of mood
- increased drowsiness  frank coma
- PaCO2 above 70 mm HG has a depressive effect on respiration  hypoventilation
- constriction of the pulmonary blood vessels
- decreased myocardial contractility
- systemic vasodilation  heart failure and hypotension
- respiratory acidosis (may be combined with metabolic acidosis)

Complications of RF
1. Secondary polycythemia
( hematokrit,  amount of RBC,  amount of Hb)
Mechanisms involved: hypoxemia and hypercapnia   renal blood flow 
 oxygen tension in renal cells responsible for release of erythropoietin  increased
production of RBC.
2. Disordered breathing during sleep
- central types of sleep apnoea
3. Peripheral neuropathy
- mainly sensory nerves are affected (paraesthesiae)
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4. Endocrine abnormalities
 level of anabolic steroids in blood ( testosterone).
Mechanism of fluid retention: hypoxemia and hypercapnia   blood flow in
kidney   activity of R-A-A  retention of sodium and water.
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RESPIRATORY DEFENCE MECHANISMS
J. Hanáček

The lungs, an organ continuously exposed to the environment, are susceptible
to damage by substances carried in the air. Thus, the integrity of the lung depends
upon effective protective and defence mechanisms against airborne hazards.
The prevalence of airborne disease provides ample evidence that array of
respiratory defences is not invulnerable. Better understanding of the exact nature of
protective and defence airways mechanisms may lead to ways of defending them
against injury or even enhancing them and, thus decreasing human susceptibility to
respiratory disease.

Protective respiratory mechanisms
They protect the airway and lungs from invasion and penetration by harmful
substances. They are localised mostly in the upper airways, and can be divided to:

Reflex protection
1. Kratschmers apnoeic reflex  closure of the glottis and apnoea
2. laryngeal constriction
Non-reflex protection
1. mechanical filtration of inspired air
2. electrostatic filtration of inspired air  capture of electrically charged particles
dispersed in the air
3. air-conditioning system  adjustment of inspired air to near body temperature,
complete saturation of inspired air with water vapour

Defence respiratory mechanisms
Various defence mechanisms are integrated to provide degradation and/or
detoxification as well as mechanical elimination of both, the exogenous substances,
and the products of pathological processes going on in the respiratory system.
Generally, we know physiological, biochemical, and immunological defensive
mechanisms, which are localised in the airway and lung. They can be divided to:
1. reflex defence mechanisms
2. non-reflex defence mechanisms
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Reflex defence mechanisms
1. Cough
Cough is called "a watch dog of the lung". Cough is the most important
defence reflex of the airways. It is characterised by an attack of powerful expiratory
muscles, preceded by deep inspirations.
Cough is usually induced by stimulation of so-called "irritant receptors" in the
airway mucosa.
The main physiological role of cough is to expel the irritants from the airways
to pharynx and by this way maintain the airway patent.
2. Sneezing
It has similar role as cough, but it is induced from nasal mucosa. The main role
of sneezing is to clear up the nasal cavity.
3. Expiration reflex
It watches the aditus laryngis. It is induced by stimulation of receptor in the
mucosa of the larynx. The main function of ER is to maintain the larynx open.
4. Bronchoconstriction
It belongs rather to protective reflexes than defensive ones.
5. Aspiration reflex
It is characterised by a powerful inspiratory efforts not interrupted by
expirations. It serves to clear the throat from liquid and/or solid matters.
6. Mucus secretion
It defends the airway epithelium against the airborne noxas.
Disturbances of defensive reflexes of the respiratory tract
a) Reflexes are too strong - due to airway inflammation, air pollutant and others.
Consequences: sleep disturbances, cough syncope, fracture of rib (ribs) and/or
vertebra, internal pneumothorax, nausea, vomiting, disturbances of eating, aspiration,
choke.
b) Reflexes are too weak or absent - due to damage of airways mucosa, disturbances
of CNS or peripheral nervous system, respiratory muscles fatigue and other
reasons.
Consequences: when mucociliary transport is damaged, too, than mucus
stagnation in the airways develops  higher susceptibility to respiratory infection 
creation of plugs from mucus in the airways  disturbances of alveolar ventilation
and distribution of ventilation in the lungs  VA/QA mismatch.

Non-reflex defence mechanisms
Disturbances of mucociliary transport
Mucus clearance is one of the first and the most important defence
mechanisms of the lung. Mucus is usually cleared by airflow and ciliary interactions.
Airway mucus clearance depends upon the physical properties of the mucus gel,
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serous fluid properties, and ciliary function as well as interactions between mucus and
airflow and airflow or mucus and cilia.
Mucociliary transport can be disturbed by:
a) Morphological changes of mucosa caused by bronchial cancer or by chronic
bronchitis. It leads to  number of cilia and/or  number of cells producing mucus
and metaplastic changes of mucosa.
b) Changes of mucus quantity (hypercrinia) and/or quality (dyscrinia). Main
pathomechanisms: changes of viscoelastic properties of mucus, changes in depth
of periciliary fluid layer, changes of total amount of fluid in the lumen of airway.
c) Changes of ciliary kinetics:
primary ciliary dyskinesia (congenital),
secondary ciliary dyskinesia (temporal) - acquired can be caused by:
- acute viral, bacterial and toxic inflammation of the airway
- after bronchoscopy and intubation of patient
- due to drugs - -blockers, atropine, narcotics (halothan)
- due to elastase released from macrophages
- due to air pollutants (SO2, O3, NOX)
The main consequence of all these influences is inhibition of mucociliary
transport  clearance of the airways is less effective  obstruction of the airways by
mucus plugs.
Disturbances of immune defence mechanisms
Immune defence mechanisms of the airway comprises of:
a) Cellular immune mechanisms (macrophages, Ne, Eo, Ly).
Disturbances:
decreased effectiveness of phagocytic process,
decreased migration ability of Le.
b) Humoral immune mechanisms: s-IgA, complement, lysozym and others.
Disturbances:
 secretion of IgA,
 degradation of IgA,
complement defects.
Consequence: decreased defence of the airway and lung against infections.
Disturbance in the system lung proteases and antiproteases
To lung proteases belong neutrophilic elastase, metalocolagenase, cathepsin
G, proteinase 3.
To lung antiproteases belong 1-antitrypsin, 2-macroglobulin.
Under normal condition the proteases and antiproteases are in balance.
Proteases defend the airway and lungs against bacteria and other biological noxas.
However, when the amount of created proteases are too high, than antiproteases are
not able to eliminate them, and they are able to induce the damage of the lung tissue
(e.g. emphysema).
Disturbances in balance between oxidants and antioxidants in the lung
Production of active oxygen species belongs to the defensive respiratory
mechanisms. They participate on antimicrobial defence of the lungs.
Active oxygen species are able to damage the biological noxas as well as
structural cells of the airway and lung.
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So, the balance between oxidants and antioxidants is necessary to prevent of
negative influence of oxidants to lung tissue.
To the oxidants belong e.g. oxygen free radicals, O3, NOX and others.
To the main antioxidants belong:
a) non-enzymatic antioxidants - vitamins C, A, E,
b) enzymatic antioxidants - SOD, katalase, glutathion peroxidase.
Disbalance between oxidants and antioxidants in the lung can be caused by:
a) hyperproduction of oxidants (e.g. oxygen free radicals) caused by hyperoxia,
adrenaline, inflammation, thyroid hormones, hyperthermia, photobiologic effect,
carcinogens,
b) decreased concentration and activity of antioxidant due to hypovitaminoses A, C,
E, enzymopathy caused by deficit of proteins containing sulphur and due to deficit
of selen, zink, copper.
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PATHOPHYSIOLOGY OF RED AND WHITE BLOOD CELLS,
DISTURBANCES OF HEMOSTASIS AND COAGULATION
J. Hanáček

Abnormalities of red blood cells (RBC) mass
1. anaemia
2. polycythemia (splenomegalic)

Anemias
Definition
Reduction below the normal level in the number of RBC, the quantity of
hemoglobin, and the volume of packed RBC (hematokrit).
Etiopathogenetic classification of anemias
1. Increased red blood cells loss
Causes leading to RBC loss:
- bleeding: peptic ulcer, polyps in the colon, malignancy, hemorrhoids,
- hemolysis - because of the defect of RBC itself or changed environment
Conditions in which the red blood cell itself is defective:
- hemoglobinopathies: e.g. sickle cell disease
- impaired globin synthesis: e.g. thalassemia
- RBC membrane defects: e.g. hereditary spherocytosis
- enzyme deficiencies
2. Decreased or defective cells production
Causes leading to decreased or defective RBC production (dyserythropoiesis)
- disseminated malignancies (breast cancer, leukemias)
- chronic diseases (inflammatory, infectious diseases, endocrine disturbances)
- lack of essential vitamins (B12, folic acid, C vitamin)
- lack of iron
- bone marrow failure

Aplastic anemia (AA)
-

-

Insufficient numbers of blood cells are produced.
It belongs to the group of anemias caused by decreased RBC production.
AA is a multifactorial disease which is genetically determined, involves a
primary proliferation defect of the haemopoietic system and an immune reaction
directed against it.
There is almost no information about pathophysiological mechanisms involved in
AA onset and development.
AA covers several diseases of essentially different pathophysiology: virusinduced disease; drug-induced disease; idiopathic aplasia.
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Autoimmune reaction
Because some patients with AA react well to immunosuppressive therapy
(improvement of bone marrow function) the immune reaction should be involved in
pathomechanisms.
- There is ample evidence that T-cells are involved (but not alone) in this reaction,
- There is also (rare) evidence that B-cells are involved in autoimmune reaction,
- Monocyte - macrophages are able to inhibit haemopoietic maturation in culture.
Many of interleukins are produced in excess in AA: interferon gama,
interleukin-2, tumor necrosis factor. They are probably involved in some (but not in
all) cases of AA. Interleukins inhibit activity of bone marrow function. Inhibitory
influence of interleukins to bone marrow function is unlikely single cause of
aplasia.
- One would have to assume abnormal sensitivity of the patient´s haemopoietic
cells as an additional pathogenetic factor.
- The target of autoimmunity in AA is probably not a normal tissue but a primarily
diseased haemopoietic system.
Pathogenetic steps in AA development
Primary disease of the haemopoietic tissue (unknown origin) 
hypoproliferation  onset of immune reaction against itself.
1. If the immune system is strong  it wipe out the abnormal cells  acute severe
aplasia will occur.
2. If the immune system is weak  mild chronic pancytopenia is present.

Sideroblastic anemia
There is the type of hypochromic anemia caused by inability of erythrocyte to
use of iron in hemoglobin synthesis.
Causes:
1. In some cases of sideroblastic anemia, there is strong genetic evidence of Xlinkage of the defect. Males tended to be more severely affected.
2. Mitochondrial lesions may explain many cases of acquired or familial non-sex
linked sideroblastic anemia. The chief defect is the sequestration of iron
complexes in the mitochondria of erythroblasts, transforming the erythroblasts
into sideroblasts.

Pernicious anemia (PA)
The most common type of megaloblastic anemia caused by malabsorbtion of
vitamin B12. Pernicious = highly injurious and (once) fatal.
Pathogenesis
Defective gastric secretion of intrinsic factor (IF) (which is necessary for
absorption of vit. B12 ) is the underlying disorder in PA. Vit. B12 is necessary for
nuclear maturation and DNA synthesis in RBC.
Possible mechanisms involved in defective gastric secretion of IF:
- congenital deficiency of IF alone,
- atrophy of gastric mucosa (due to e.g. chronic gastritis),
- partial or complete gastrectomy.
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Genetic predisposition is probable factor involved in gastric atrophy that
results in IF deficiency, but certain precipitating environmental agents are thought to
interact with the genetic defect. Congenital PA is an autosomal recessive trait.
Autoantibodies against parietal cells, IF, and thyroid tissue have been found
in the serum of individuals with PA.
These pathomechanisms affect both erythrocyte and leukocyte precursors in
the bone marrow. Platelet precursors are less affected  number and size of all
developing erythroid cells, and enormous leukocytes with large and unusual shaped
nuclei are found.

Posthemorrhagic anemia
It is a normocytic - normochromic anemia caused by sudden blood loss in an
individual with normal iron stores. Hemorrhage could be obvious or occult.
Minor prolonged hemorrhage results rather in iron deficiency anemia.
Development of posthemorrhagic anemia: Hemorrhage  replacement of
lost plasma and RBC begins and continue.
1. First blood volume is replaced by water and electrolytes from tissues and by blood
from blood stores.
2. Hematopoiesis is accelerated and new, fresh RBC are produced by bone marrow.
A normal erythrocyte count is usually evident in 4 to 6 weeks, but hemoglobin
restoration can take 6 to 8 weeks.

Hemolytic anemia (HA)
In hemolytic anemias premature red blood cells destruction is the
predominant pathologic event. Erythropoiesis is usually normal. The cause of
decreased hemoglobin concentration in blood is an abnormally short erythrocyte life
span. Erythropoiesis is accelerated to compensate for hemolysis, but production
cannot keep up with destruction.
Causes and pathogenetic mechanisms
1. acquired
2. hereditary
Acquired HAs are generally caused by extrinsic (extracellular) noxas:
- infection: bacterial - clostridia, cholera, typhoid fever,
protozoal - malaria, toxoplasmosis,
- systemic diseases - e.g. lupus erythematosus,
- drugs or toxins - e. g. venoms,
- liver and kidney diseases - hemodialysis, uremia,
- abnormal immune response - transfusion reaction, hemolytic disease in newborn,
autoimmune hemolytic anemia.
Hereditary forms of HAs are due to intrinsic (cellular) abnormalities:
- plasma membrane defects,
- deficiency of glycolytic enzymes,
- deficiency of metabolic enzymes (glucoso-6-phosphate dehydrogenase
deficiency),
- defects of globin synthesis or structure.
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Congenital hemolytic anemias are present at birth and may or may not be
inherited. Hemolysis in HAs occurs within blood vessel or in lymphoid tissues.
Pathogenetic mechanisms involved in Has
Autoimmune hemolytic anemias (all are acquired forms):
- warm antibody disease
- cold antibody disease
- drug - induced anemia
1. Warm antibody disease - it is mediated by IgG antibody.
Mechanism of hemolysis: IgG  binding to the surface of the Er (at 37 C) 
activation of complement cascade  intravascular destruction of Er  chronic
anemia. This type of disease is present e.g. in chronic lymphocytic leukemia,
lymphoid tumors, systemic lupus erythematosus.
2. Cold antibody disease - it is mediated by different IgM specific for Er antigens.
Mechanism of hemolysis: IgM  binding to the Er (at temperature below 31
C)  agglutination of IgM - bound Er in the extremities  pain and tissue
destruction. When the antibody-coated Er are warmed on reentering to the general
circulation (from extremities), the antibody may:
- dissociate from Er  no hemolysis
- may not dissociate from Er  hemolysis
Cold antibody disease is more a problem of vascular obstruction than
hemolysis. This type of disease is often a complication of infectious mononucleosis,
mycoplasma pneumoniae infection, and lymphoid malignancies.
3. Drug-induced immune hemolytic anemia - can be due to either of two
mechanisms:
a) immune reaction against the drug  formation drug-antibody complexes  they
adhere to the surfaces of Er,
b) drug, or metabolite of drug, may bind directly to the surface of the Er 
formation of neoantigen  antibodies are attracted.
Both mechanisms result in the activation of the complement cascade and
hemolysis.
Pathomechanisms involved in other types of HA:
- physical destruction of Er by "mechanical" means - trauma (prosthetic heart
valves, forced and long march),
- heat and radiation  thermal hemolysis, hemolysis induced by radiation,
- hypophosphatemia (phosphate deficiency in plasma)  diminished cellular
production of substances required for Er life and function,
- structural defects of Er   fragility of Er,
- diminished cellular function due to enzyme deficiency in Er membrane
- defective Hb structure and function.

Anemia of chronic disease (ACD)
It accompanies chronic infections, chronic non-infectious disease, and
neoplastic disorders.
ACD is one of the most frequent anemias encountered (is only second in
incidence to iron-deficiency anemia).
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ACD is primarily an anemia due to underproduction of red cells, with low
reticulocyte production, and is most often a normochromic-normocytic anemia. In
about 30 - 50 % of patients, the RBC are hypochromic and microcytic.
ACD is characteristic by reduction of serum iron concentration, iron binding
capacity, and transferrin saturation in the presence of adequate iron stores.
Pathogenic mechanisms
1. failure of mechanisms of erythropoiesis
2. altered iron metabolism
3. decreased erythrocyte life span
Ad 1.
Cytokines released in inflammation and other chronic diseases probably
mediate the inhibitory effect to bone marrow erythropoiesis. The cytokines which may
be involved:
- IL-1  acts on T-lymphocytes  gamma interferon (IFN) production 
inhibition of CFU-E (colony-forming units-erythroid),
- TNF alfa  marrow stromal cells  beta interferon ( INF) production 
inhibition of CFU-E,
- alfa interferon and transforming growth factor beta (TGF)  inhibition of CFUE.
Cytokines mentioned above may be responsible for the reduced erythropoietin
response of bone marrow in ACD.
Ad 2.
ACD is often associated with a low serum iron in the presence of adequate
reticuloendothelial iron stores.
Pathomechanism involved in altered iron metabolism in ACD:
- Immune cytokines block the release of reticuloendothelial iron  functional iron
deficiency  inhibition of erythropoiesis.
Ad 3.
Four possible mechanisms are involved in decreased Er life span:
a) hemolytic agents are released from the tumor,
b) Er are destroyed by entering the tumor to bone marrow,
c) the tumor stimulates the immune system to produce antibodies against Er
antigens,
d) Er are destroyed by activated macrophages.

Sickle cell disease
Irreversible major organ failure (loss of splenic function, cerebral infarction
and intracranial hemorrhage, chronic pulmonary failure, chronic renal failure,
retinopathy, leg ulcers, osteonecrosis) in sickle cell anemia is the direct consequence
of the sickle cell evoked vasculopathy. The vascular damage begins years before the
overt clinical symptoms are apparent with no pain to act as a signal. Organ damage is
progressive and irreversible.
The mechanisms involved in vascular damage in sickle cell disease:
- The adhesive propensity of the oxygenated HbS red cells directly inflicts damage
on endothelial cell DNA.
- HbS when irreversibly bound to the RBC membrane may impart procoagulant
characteristic to the RBC.
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Hypoxia may by activating; endothelial cell genes induce the formation of
cytoadhesive and vasoconstrictive peptides (endothelin, platelet derived growth
factor).
- Free Hb (which tends to abolish the release of nitric oxide - EDRF) promotes
vasospasm.
All these factors act in concert to induce irreversible damage to the
vasculature.
Sickle cell anemia - it has both hemolytic and vasooclusive components. HbS
behaves abnormal - there is a tendency of HbS to polymerise at low oxygen tension
and this is the reason for sickling phenomenon. This has been assumed to be the
dominant factor in disease pathophysiology.

Thalassemia
Their underlying pathophysiology relates directly to the extent of
accumulation of excess unmatched globin chains:
1. In beta thalassemia, production of beta globin decreases and excess alpha globin
accumulates.
a) In alpha thalassemia, production of alpha globin decreases and excess beta globin
accumulates.
The thalassemias are a worldwide group of inherited disorders of globin-chain
synthesis that developed in multiple geographic regions (e.g. Mediterranean Sea,
Black Sea, Asia, Africa), probably because they provided partial protection against
malaria.
Pathomechanisms involved in hemolysis in the thalassemias:
- Free (unmatched) globin-chains precipitate in Er and this precipitation damages Er
membrane  hemolysis  microcyte-hypochromic anemia and hemosiderosis.
- Hemosiderosis  damage of myocardium, liver, beta-cells of pancreas, lymphatic
nodes and lien.

White blood cell disorders
Leukemias
The molecular basis: Genes involved in the pathogenesis of cancer (in
leukemias, too) are thought to act by two general mechanisms:
1. Structural alteration of a normal gene (a proto-oncogene) to generate a novel gene
(an oncogene)  formation a protein  it acts on the host cell  induction of
characteristics of malignancy (abnormal cellular proliferation or survival).
2. The loss or inactivation of genes whose proteins suppress cancer (tumor
suppressing genes or anti-oncogenes).
Alterations in members of specific gene families are consistently associated
with some types of leukemia. These leukemogenic genes are, by and large, normal
genes that have become altered by mutation, fusion to other genes, rearrangement, or
loss.
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The activation of oncogenes and the loss of anti-oncogenes:
a) to endow the leukemic cell with a proliferative advantage,
b) to prevent its normal differentiation and subsequent death.
The oncogenes and corresponding normal gene may exist side by side with the
oncogen exerting a dominant effect. In general, both normal copies of the
antioncogene must be inactivated before the cancer cell gains a proliferative
advantage. Certain inherited genetic defects are associated with a familial
predisposition to cancer. In contrast, most of the genetic defects increasing the
likelihood of leukemia are acquired rather than inherited, but little is known about the
environmental factors that induce these defects.
Correlation of specific genetic abnormalities with specific types of leukemia
The various types of human leukemia are almost certainly determined by:
1. the nature of the oncogenes and antioncogenes involved
2. the level of differentiation of the hematopoietic stem cell in which the genetic
alterations occur
Some genes are found in a wide variety of cancers, whereas others are
associated with specific types of leukemia.
a) Philadelphia chromosome (it is formed by a translocation that fuses part of the
bcr gene on chromosome 22 with sequences of the c-abl protooncogene on
chromosome 9  it is detected in virtually all cases of chronic myelocytic
leukemia, and also in about 5 % of children with acute lymphoblastic leukemia,
and in 20 % of affected adults.
b) The accidental fusion of c-abl gene with bcr gene  disruption the normal
pathway of signal transmission molecule and controlling cellular proliferation 
chronic myeloic leukemia. Fusion of c-abl gene and sequences of the bcr gene 
potentiation of the kinase activity   production of a fusion protein  
stimulation of nucleus of the chronic myelocytic leukemia cell.
The fusion of these genes is probably the primary pathogenetic event in
chronic myelocytic leukemia.
Antioncogenes
Mutations, rearrangements, or deletions lead to the inactivation of
antioncogenes and the loss of tumor-suppressing function.
Three prototypic antioncogenes have been well characterised:
1. a gene on the short arm of chromosome 11
2. the p53 gene on the short arm of chromosome 17
3. the RB1 gene on chromosome 13
Mutations of the p53 gene are the most common molecular change in cancer
in humans.
One possible cause of B-cell and T-cell leukemias, respectively, is aberrant
expression of oncogenes resulting from their fusion to immunoglobulin or T-cellreceptor genes.
Molecular basis of leukemias progression
In leukemias and lymphomas possessing one molecular defect, a new clone of
even more aggressive cells may arise as a consequence of an additional molecular
lesion that endows the cells with increased proliferative capability.
Many leukemias evolve from a relatively indolent phase to a more aggressive
phase, e.g. chronic myelocytic leukemia (CML) typically evolves from a chronic to an
acute leukemia.

185

CML after a chronic phase of variable length, always evolves into a more
clinically aggressive disease (the blast crisis), characterised by the proliferation of
poorly differentiated blast cells. The pathogenetic lesion in the chronic phase is the
fusion of c-abl and bcr, but other molecular changes can cause progression (changes
of p53 and RB1 genes). It appears, therefore, that abnormalities in anti-oncogenes are
associated with the progression rather than the initiation of CML. So, drug-induced
remission of leukemia results from suppression of the clone of cells containing the
abnormal leukemogenic gene or genes and not from the reversal of the molecular
abnormalities.
Acute myelogenous leukemia (AML)
It is a disseminated clonal proliferation of immature cells that resemble
precursors of normal hematopoietic elements. Myelogenous refers to cells of
nonlymphoid origin, acute refers to the short life expectancy of untreated patients. 90
% of acute leukemias in adult are myelogenous and their incidence increases with
age.
Possible causes leading to AML:
- ionising radiation,
- chemotherapeutic agents (alkylating agents, procarbazine),
- benzene  may predispose to AML, particularly to erythroleukemia.
Manifestations of AML:
- cytopenia and peripheral blasts
- neutropenic fevers
- anemia, trombocytopenia
- hyperuricemia, hyperkalemia, hyperphosphatemia
- peripheral blast counts are over 50,000 / mm3 (in 20 % patients)  leucostasis
Risk for leucostatic complicationes:  blood viscosity,  blast cell rigidity,
 agglutination  local metabolic effects, hemorrhage in CNS, pulmonary and renal
failure.

Hypercoagulable states (HCS)
HCS consist of a group of prothrombotic clinical disorders associated with an
increased risk for thromboembolic events. Various abnormalities of the coagulation
system lead to inappropriate thrombus formation.
Mechanisms involved in HCS development
The coagulation system - highly regulated cascade of surface - associated
interacting enzymes and cofactors that generate the remarkably potent enzyme,
thrombin, at sites of vascular injury.
The major deterrents to pathologic thrombin formation are a group of natural
anticoagulant systems, including:
- antithrombin III (AT -III)
- the vitamin K - dependent protein C system
- tissue factor pathway inhibitor
Each step in the enzymatic cascade can be blocked by an inhibitory pathway.
In addition to these anticoagulant systems, the fibrinolytic system (a second highly
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regulated enzymatic cascade) generates plasmin, which digests and dissolves the
fibrin clot.
The major site of control of these coagulant and anticoagulant interactions is
probably at the vascular endothelial cell surface. The normal function of the
endothelium in preventing thrombus formation is controlled by a number of
membrane - related activities, including:
a) expression of thrombomodulin - a protein receptor for thrombin that converts
thrombin into an activator of protein C,
b) proteoglycans containing heparin sulphate - they bind and activate antithrombin
III,
c) assembly of a plasmin - generated system.
Impaired regulation of these endothelial cell function contributes substantially
to the development of primary hypercoagulable states.

Primary hypercoagulable states
Some of them may be inherited: abnormalities of the antithrombin III, protein
C, and protein S insufficiency, abnormalities in surface fibrinolytic system.
Antithrombin III deficiency (AT III)
AT III is a vitamin K - dependent hepatocyte - synthesised protease inhibitor
that irreversible neutralises factors XIIa, XIa, IXa, Xa and thrombin. This process is
dramatically increased in the presence of heparin.
Causes of AT III deficiency:
- decreased synthesis of biologically normal molecule,
- functional deficiency due to specific molecular abnormalities of AT III.
Prevalence of this disturbance is 1 in 2000 to 1 in 5000 in general population.
Patients have recurrent familial, and juvenile deep - vein thrombosis with or without
pulmonary embolism.
Acquired AT III deficiency - may occur in DIC, liver disease, nephrotic
syndrome, oral contraceptive use.
Deficiencies in the protein C and protein S system
Vascular endothelium, except in the brain, contains thrombomodulin. It binds
thrombin and alters its substrate specificity. Thrombomodulin - bound thrombin is a
potent activator of protein C.
Protein C, in association with protein S, is a physiologic anticoagulant. It
inactivates factor Va and factor VIIIa. This system is a major regulator of blood
fluidity and prevents thrombus formation (particularly at the capillary level where
there is a relative high density of thrombomodulin receptors).
Acquired deficiency of protein C or protein S or both may be seen in severe
liver disease, DIC, nephrotic syndrome, ARDS, pregnancy, postoperative states, HIV
virus infection.
Disorders of plasmin generation
may contain following changes:
- dysplasminogenemia, hypoplasminogenemia,
- dicreased synthesis or release of tissue plasminogen activator ,
- increased concentration of plasminogen activator inhibitor
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 could lead to thromboembolic disease with impaired fibrinolysis.
Dysfibrinogenemias
Abnormal fibrinogen is present:
- fibrinogen is resistant to lysis by plasmin  thromboembolic events,
- defective fibrin formation  bleeding.
Homocystinuria (cystathione synthase deficiency - CSD)
- homozygous CSD  severe vascular disease may appear in childhood,
- heterozygous CSD (1 in 70 of the normal population)  development of
premature occlusive arterial disease,
- hemocysteine abnormalities have been found in 20 % to 40 % of persons
presenting with premature peripheral vascular disease or stroke.
Mechanisms involved in hypercoagulability induced by homocysteine:
- homocystein down-regulates endothelial thrombomodulin function,
- homocystein may impair vascular surface plasmin generation,
- homocystein alters lipoprotein (a)  accelerated atherogenesis.
The results:
- premature atherosclerosis  peripheral vascular, cerebral, and coronary artery
disease,
- venous thromboembolism.

Secondary hypercoagulable states
Hypercoagulable states may be secondary to a large number of heterogeneous
disorders. It is hypothesised that endothelial activation  to loss of the normal
anticoagulant surface functions  conversion to a proinflammatory thrombogenic
phenotype (expression of tissue factors, adhesion receptors for leukocytes and
platelets, PAF, secretion of plasminogen activator inhibitor 1).
In primary hypercoagulable states: failure of normal endothelial function.
In secondary hypercoagulable states: endothelial activation and acquisition of
a vascular thrombogenic phenotype.
The antiphospholipid syndrome
It is caused by appearance of circulating autoantibodies negatively charged to
phospholipids (e.g. cardiolipin)  venous and arterial thrombosis (in e.g. lupus or
lupus - like disorders).
Pathophysiologic mechanism
autoantibodies: - may inhibit endothelial - cell prostacyclin production
- may block endothelial - cell thrombomodulin-mediated
protein C activation.
Increased level of plasma factor VII and fibrinogen
-  levels of factor VII coagulant activity and plasma fibrinogen   risk for
ischemic heart disease,
- the major determinant of factor VII activity is dietary fat intake,
- the smoking is a major determinant of the fibrinogen level.
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Anti-cancer drugs
Antineoplastic agents  vascular abnormalities:
- fatal thrombotic thrombocytopenic purpura leads to recurrent venous thrombosis,
- veno-occlusive disease (liver, lung).
Heparin-induced thrombopathy
It is probably caused by immunologic endothelial cell injury and activation
which initiate the thrombosis.
The myeloproliferative syndromes
- whole blood viscosity
- thrombocytosis
 hypercoagulability
Cancer
Possible mechanism involved: tumor cells interact with thrombin and plasmin
generating system and can directly influence thrombus formation.
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DISTURBANCES OF GLOMERULAR AND TUBULAR
FUNCTIONS
M. Tatár

Disturbances of glomerular function
Decrease of glomerular filtration (GFR)
GFR in an average is approximately 125 ml/min. Its magnitude correlates
fairly well with surface area. It should be noted that 125 ml/min is 180 L/d whereas
the normal urine volume is about 1 l/d. Thus, 99% or more of the filtrate is normally
reabsorbed.
For each nephron: GFR = Kf [(PGC - PT) - (GC - T)]
Kf - the glomerular ultrafiltration coefficient; the product of the glomerular
capillary wall hydraulic conductivity (i.e., its permeability) and the
effective filtration surface area
PGC - the mean hydrostatic pressure in the glomerular capillaries
PT - the mean hydrostatic pressure in the tubule
GC - the osmotic pressure of the plasma in the glomerular capillaries
T - the osmotic pressure of the filtrate in the tubule
Control of GFR
The main factors governing filtration across the glomerular capillaries are:
hydrostatic and osmotic pressure gradients across the capillary wall.
The pressure in the glomerular capillaries is higher then that in other capillary
beds because the afferent arterioles are short, straight branches of the interlobular
arteries. The efferent arterioles have a relatively high resistance. The capillary
hydrostatic pressure is opposed by the hydrostatic pressure in Bowman´s capsule. It is
also opposed by the osmotic pressure gradient across the glomerular capillaries (GC T). T is normally negligible, and the gradient is equal to the oncotic pressure of the
plasma proteins.
The net filtration pressure in a glomerular capillary (PUF) is 15 mmHg at the
afferent end of the glomerular capillaries, but it falls to zero - i.e., filtration
equilibrium is reached - proximal to the efferent end of the glomerular capillaries.
This is because fluid leaves the plasma and the oncotic pressure rises as blood passes
through the glomerular capillaries: PUF = PGC - PT - GC
Factors affecting the GFR
1. Changes in renal blood flow
- stenosis or clamping of renal artery
2. Changes in glomerular capillary hydrostatic pressure
- changes in systemic blood pressure
- hypovolemia
- hemorrhagic blood loss (trauma, GI bleeding)
- loss of plasma volume (burns, peritonitis)
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water and electrolyte losses (severe vomiting or diarrhea, uncontroled DM,
inappropriate use of diuretics)
- hypotension or hypoperfusion
septic shock
cardiac failure or shock
- afferent or efferent arteriolar constriction
3. Changes in hydrostatic pressure in Bowman´s capsule
- ureteral obstruction (edema, tumors, stones)
- bladder neck obstruction (enlarges prostate)
- edema of kidney inside tight renal capsule
4. Changes in concentration of plasma proteins
- dehydration (GC)
- hypoproteinemia (GC)
5. Changes in Kf
- changes in glomerular capillary permeability
- changes in effective filtration surface area

Increased permeability of glomerular capillaries
1. proteinuria
2. hematuria
Glomerular proteinuria
Each litre of ultrafiltrate contains about 60-80 grams of protein. The fact that <
150 mg of protein ultimately arrive in the urine attests to the near perfection of renal
mechanisms for retaining proteins within the circulation despite the enormous filtered
load.
Three principle factors determine the transglomerular movement of protein:
1. Size-selective properties of the glomerulus
- small macromolecules cross the glomerular capillary more readily than large
ones
- electrically uncharged polymers with molecular radii of 4 nm virtually freely
permeate the glomerular wall and can be measured in the Bowman´s space at
the same concentrations as in the plasma
- neutral substances with diameters of more than 8 nm approaches zero
- fitrations is inversely proportioned to diameter.
2. Charge-selective properties of the glomerulus
- negative charges on the albumin are repelled by fixed negative charges
embedded in various components of a glomerular capillary wall; includes
carboxyl, sulphate, and sialic acid groups attacked to all surfaces as well as
to the basement membrane material
- these negatively charged groups in the capillary wall repel the negatively
charged circulating proteins, especially albumin, and promote its retention
within the circulation
- defects in these charge groups may lead to excess leakage of albumin
3. Hemodynamic forces operating across the glomerulus
- transcapillary pressure gradients may directly alter glomerular barrier
function
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high glomerular capillary pressure evoked a large, nonselective population of
pores and these provided the route of egress for albumin and other large
macromolecules
pore population could also be obliterated rapidly by reductions in pressure
stretching of basement membrane, partial detachment of cellular elements,
and/or stretching of intercellular junctions might occur with increases in
glomerular capillary pressure and reversibly or irreversibly provide size
selective defects and cause proteinuria

Tubular proteinuria
There is the predominance of the proximal tubule in the uptake of proteins:
1. the bulk of filtered, low molecular-weight proteins and larger proteins are
absorbed in an endocytotic process (proteins are absorbed into endosomes, these
intracellular compartments merge with lysozomes, the protein is there digested to
its component amino acids, these in turn are transported across the contraluminal
membrane and restored to circulation),
2. small peptides are hydrolysed on the luminal border to constituent amino-acids
and/or smaller peptides which are absorbed,
3. proteohormones (insulin, parathyroid hormone) are absorbed in a process of
receptor-mediated endocytosis.
Metallic toxins can cause excess loss of proteins through failure of
reabsorption. In these instances the urine protein is composed largely of low
molecular proteins such as 2-microglobulin and lysozyme which are normally
present in plasma and hence glomerular ultrafiltrate, but normally reabsorbed.
Overload proteinuria
Plasma levels of small molecular weight proteins can rise when synthesised in
excess amounts. Their heightened filtered load then overwhelms normal proximal
reabsorptive mechanisms resulting in proteinuria. Examples include lysozyme
overproduction with leukemia, amylase in pancreatitis.
Classification of proteinuria
1. Transient or hemodynamic proteinuria.
Increased protein excretion occurs with heavy exercise. There is a transient
size selective defect induced in the filtration barrier itself. Transient proteinuria is
often observed with fever.
2. Orthostatic proteinuria
Upon standing, protein excretion increases even within the normal range in
normal subjects. Proteinuric patients excrete protein at a normal rate of less than 150
mg/day when they are in the recumbent position but at higher rates when they are
upright. This orthostatic proteinuria may occur with a variety of relatively minor
glomerular lesions including segmental of generalised capillary wall thickening, and
focal and segmental hypercellularity. This pattern of proteinuria indicates a benign
clinical course.
3. Microalbuminuria
The excretion of albumin at rates not detectable by routine dipstick
urinanalysis but clearly above normal levels has been termed microalbuminuria.
Although microalbuminuria can be found in a variety of conditions including
hypertension, infection, skin diseases, drug ingestion, the measurement of small
quantities of albumine in the urine has been most extensively evaluated in diabetes
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mellitus. There is the relation of microalbuminuria to renal structural changes
(increased glomerular basement membrane thickness and mesangial expansion).
Microalbuminuria is not simply a predictor of diabetic nephropathy but rather is a
marker of early nephropathy.
4. Glomerular disease
All chronic glomerular injuries result in proteinuria. A large number of
primary and secondary diseases are clinically expressed as the nephrotic syndrome.
5. Tubulointerstitial disease
Toxic injuries to the renal tubular epithelium such as those with heavy metal
poisoning or certain metabolic diseases may manifest proteinuria due largely to
inability to reabsorb normally filtered small molecular weight proteins.

Hematuria
The most commonly accepted upper limits of normal for urinary red blood
cells (RBCs) are 3 RBCs per high-power field. If large numbers of RBCs are present,
this is known as hematuria. An alkaline or hypotonic urine causes lysis of RBCs so
that the cells will not be seen. Urine then will be positive for hemoglobin, and the
specific gravity will be elevated.
Hematuria can occur with the administration of anticoagulants and with
several renal diseases and many drugs.

Disturbances of tubular function
The amount of any substance that is filtered is the product of GFR and the
plasma level of the substance.
The tubular cells may add more of the substance to the filtrate (tubular
secretion), may remove some or all of the substance from the filtrate (tubular
reabsorption), or may do both.
Mechanisms of tubular reabsorption and secretion
- Small proteins and some peptide hormones are reabsorbed in the proximal tubules
by endocytosis.
- Other substances are secreted or reabsorbed in the tubules by passive or facilitated
diffusion down chemical or electrical gradients or actively transported against
such gradients.
- Movement is by way of ion channels, exchangers, cotransporters, and pumps.
Glucose is typical of substances removed from the urine by secondary active
transport. The renal threshold for glucose is the plasma level at which the
glucose first appears in the urine in more than the normal minute amounts. Glucose
reabsorption - glucose and Na+ bind to a common carrier (symport) in the luminal
membrane and glucose is carried into the cell as Na+ moves down
its electrical
and chemical gradient. The Na+ is then pumped out of the cell into the lateral
intracellular spaces, and the glucose moves in to the intersticial fluid by simple
diffusion. The energy for the active transport is provided by the Na+,K+-ATPase that
pumps Na+ out of the cell.
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Amino acids. The luminal carriers are mainly driven by the sodium uptake. Its
driving force is the steep electrochemical gradient of sodium across the membrane
(Na+ cotrans-port). The renal Fanconi syndrome is classically seen as an impaired
net proximal reabsorption of AA and other solutes.
Sodium. In the proximal and distal tubules and the collecting ducts, Na+
moves by co-transport or exchange from the tubular lumen into the tubular epithelial
cells down its concentration and electrical gradients and its actively pumped from
these cells into interstitial space. Na+ is pumped into the interstitium by Na,KATPase.
Water excretion
At least 87 % of the filtered water is reabsorbed, the reabsorption of the
remainder of the filtered water can be varied without affecting total solute excretion.
Proximal tubule: water moves passively out of the tubule along the osmotic
gradients set up by active transport of solutes, and isotonicity is maintained.
Loop of Henle: descending limb is permeable to water, but the ascending limb
is impermeable. Na, K, Cl are cotransported out of the thick segment of the ascending
limb.
Distal tubule: is relatively impermeable to water, and continued removal of
the solute.
Collecting ducts: changes in osmolality and volume depend on the amount of
vasopressin. ADH increases the permeability to water by causing the rapid insertion
of water channels into the luminal membrane. When vasopressin is absent, the
collecting duct epithelium is relatively impermeable to water. The fluid remains
hypotonic and large amount flow into the renal pelvis. Specific gravity is measured as
index of urine concentration.

Disturbances of water reabsorption
Diabetes insipidus
1. neurogenic or central form
-  or absent ADH (disturbances of synthesis, transport or release)
- organic lesions of the hypothalamus, infundibular stem or posterior pituitary
(primary TU, hypophysectomy, trauma, infections, etc.)
2. nephrogenic form
- usually acquired disorder
- insensitivity of the renal tubule to ADH
- damage of renal tubules or inhibition of generation cAMP in them
- pyelonephritis, destructive uropathies, polycystic disease (irreversible diabetes
insipidus) and drugs (reversible diabetes insipidus)
3. psychogenic form
- extremely large volumes of fluid intake   ADH level
Osmotic diuresis
The pressure of large quantities of unreabsorbed solutes in the renal tubules
causes an increase in urine volume - osmotic diuresis. Solutes that are not reabsorbed
in the proximal tubules exert an appreciable osmotic effect as the volume of tubular
fluid decreases and their concetration rises. They "hold water in the tubules".
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There is a limit to the concentration gradient against which Na+ can be
normally pumped out of the proximal tubules. Normally, the movement of water out
of the proximal tubule prevents any appreciable gradient from developing, but Na+
concentration in the fluid falls when water reabsorption is decreased because of the
presence in the tubular fluid of increased amounts of unreabsorbable solutes. The
limiting concentration gradient is reached and further proximal reabsorption of Na+ is
prevented; more Na+ remains in the tubule, and water stays with it.

Acidification of the Urine
H+ secretion
1. H+ secretion in the proximal tubules is Na+ - H+ exchange (secondary active
transport). H+ comes from intracellular dissociation of H2CO3. Drugs that inhibit
carbonic anhydrase depress both secretion of acid by the proximal tubules and the
reactions, which depend on it.
2. H+ secretion in the distal tubules and collecting ducts is not dependent on Na+.
H+ is secreted by an ATP - driven proton pump. Aldosterone acts on this pump to
increase distal H+ secretion.
Factors Affecting Acid Secretion
1. intracellular PCO2 -  PCO2 (respiratory acidosis)  more intracellular H2CO3 is
available to buffer the hydroxyl ions and acid secretion is enhanced
-  PCO2  the reverse is true
+
2. K concentration -  K+ enhances acid secretion (the loss of K+ causes
intracellular acidosis even though the plasma pH may be elevated)
-  K+ in the cells inhibits acid secretion
3. carbonic anhydrase level - when CA is inhibited acid secretion is inhibited,
because the formation of H2CO3 is decreased
4. aldosterone - enhance tubular reabsorption of Na+ increase the secretion of H+ and
K+
Acidosis
Acidosis is common in chronic renal disease because of failure to excrete the
acid products of digestion and metabolism.
In the rare syndrome of renal tubular acidosis, there is specific impairment of
the ability to make the urine acidic, and other renal functions are usually normal.
However, in most cases of chronic renal disease the urine is maximally acidified, and
acidosis develops because the total amount of H+ that can be secreted is reduced
because of impaired renal tubular production of NH4+.

Pathophysiology of edema formation
Extracellular fluid (ECF) volume is determined by the balance between
sodium intake and renal excretion of sodium. Relative constancy of ECF volume is
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achieved by a series of afferent sensing systems, central integrative pathways, and
both renal and extrarenal effector mechanisms acting in concert to modulate sodium
excretion by the kidney.
In the major edematous states, effector mechanisms responsible for sodium
retention behave in a more or less nonsuppressible manner, resulting in either subtle
or overt expansion of ECF volume.
Primary and secondary edema
A common feature of the major edematous states is persistent renal salt
retention despite progressive expansion of both plasma and ECF volume. Two themes
have been proposed to explain the persistent salt retention:
- primary abnormality of the kidney
- a secondary response to some disturbances in the circulation
1. Primary edema (overflow, overfill, nephritis) refers to expansion of ECF volume
and subsequent edema formation consequent to a primary defect in renal sodium
excretion. Increased ECF volume and expansion of its subcompartments result in
manifestations of a well-filled circulation. Both blood and plasma volume
expansion lead to high cardiac output and hypertension. Those mechanisms
normally elicited in response to an impaired circulation are suppressed ( reninangiotensin-aldosterone,  antidiuretic hormone,  activity of sympathetic
nerves, circulating catecholamines).
Examples: acute poststreptococcal glomerulonephritis, acute or advanced chronic
renal failure.
2. Secondary edema (underfill) results from the response of normal kidneys to actual
or sensed underfilling of the circulation. A primary disturbance within the
circulation secondarily triggers renal mechanisms for sodium retention. Those
systems that normally serve to defend the circulation are activated ( reninangiotensin-aldosterone,  antidiuretic hormone,  activity of sympathetic nerves,
 circulating catecholamines). The circulatory compartment that signals persistent
activation of sodium-conserving mechanisms is not readily identifiable. Cardiac
output and plasma volume may be increased or decreased. The body fluid
compartment ultimately responsible for signalling a volume-regulatory reflex
leading to renal sodium retention is effective arterial blood volume.

Nephrotic syndrome (NSy)
NSy is simply defined as the excretion of 3.5 g or more of protein in the
urine per day. This large amount of urine protein is characteristic of glomerular
injury. A constellation of other clinical findings is usually associated with the
proteinuria. These include hypoalbuminemia, edema, hyperlipidemia and lipiduria.
Lipoid nephrosis and membranous glomerulonephritis are directly related to NSy,
although these conditions can occur with other types of glomerular disease.
Secondary forms of NSy occur as a result of other organic pathologic
processes: diabetes mellitus, amyloidosis, systemic lupus erythematosus, drugs,
infections, and malignancies.
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Pathophysiology
NSy is primarily related to loss of plasma proteins, particularly albumin and
some immunoglobulins across the injured glomerular filtration membrane (metabolic,
biochemical, or physiochemical disturbances).
Hypoalbuminemia is a consequence of the urinary loss of albumin combined
with a diminished synthesis of replacement albumin by the liver. Albumin is lost in
the greater quantity because of its high plasma concentration and low molecular
weight.
Although synthesis of plasma proteins may be increased, the synthesis is
insufficient to compensate for losses. Decreased dietary intake of protein (anorexia,
malnutrition) or accompanying liver disease may contribute to lower levels of plasma
albumin. Loss of Ig may increase susceptibility to infection.
Edema may be the first symptom in areas of low tissue pressure, such as
periorbital regions. The hydrostatic pressure is balanced by the oncotic pressure of the
plasma proteins, which tends to draw the fluid back into the capillaries at the venous
end. Plasma albumin concentration is often reduced to 20 % of normal, with a
decrease in the plasma oncotic pressure. The threat of decreased plasma volume from
the accumulation of fluid in the tissues stimulates compensatory mechanisms:
activation of renin-angiotensin-aldosterone system and antidiuretic hormone, which
together lead to excessive sodium and water retention. Mechanisms of primary
edema formation could be could involved in pathophysiology of nephrotic edema.
Levels, of all the plasma lipids (triglycerides, phospholipids, and cholesterol)
are elevated producing a hyperlipidemia. The inverse relationship between plasma
albumin and plasma lipids indicates that hypoalbuminemia and the associated
decrease in plasma oncotic pressure may play a causative role in hyperlipidemia.
Hyperlipidemia is related to increased synthesis by the liver and decreased lipoprotein
catabolism.
Lipiduria is manifested by lipid casts or free fat droplets that leak across the
glomerular capillary walls. Tubular epithelial cells that reabsorb lipoprotein may be
shed and appear in the urine as "oval fat bodies".
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RENAL FAILURE
M. Tatár

Definition
Kidneys lose their ability to maintain normal volume and composition of the
body fluids (homeostasis) under conditions of normal dietary intake ( 0.5 g/kg/day of
protein).
Classification of renal dysfunction: the terms renal insufficiency, renal
failure, azotemia, and uremia are all associated with decreasing renal function. Often,
they are used synonymously, although with some distinctions. Generally, renal
insufficiency refers to a decline in renal functions to about 25% of normal or a
glomerular filtration rate (GFR) of 25 to 30 ml/min. Levels of serum creatinine and
urea will be mildly elevated. Renal failure often refers to significant loss of renal
function. When less than 10% of renal function remains, this is termed end-stage
renal failure (ESRF).
Renal failure may be acute and rapidly progressive, although the process may
be reversible. Renal failure can also be chronic, progressing to ESRF over a period of
months or years. Uremia is a syndrome of renal failure and includes elevated blood
urea and creatinine levels accompanied by fatigue, anorexia, nausea, vomiting,
pruritus, and neurologic changes. Azotemia and uremia are sometimes incorrectly
used interchangeably. Azotemia means increased serum urea levels and frequently
increased creatinine levels as well. Renal insufficiency or renal failure causes
azotemia.

Pathophysiology and pathobiochemistry of acute renal failure
Acute renal failure develops following acute damage to the kidney and is
typically reversible. Three major syndromes of different pathophysiological origin:
1. In prerenal acute renal failure renal vasoconstriction and decreased renal blood
flow result in a reduction of GFR. Cell function is not disturbed and no structural
damage is apparent. Reabsorptive capacity of the tubular epithelium is maintained,
resulting in a low urinary sodium concentration ( 30 mEq/l) independent of urine
volume. Overall kidney function will improve with normalisation of electrolytes
and fluid volume.
2. Intrarenal acute renal failure (acute tubular insufficiency) results from primary
damage to intrarenal cellular components, preferentially the tubular epithelial
cells. Tubular function is curtailed and structural damage may occur. As a result,
and in contrast to prerenal acute renal failure, urinary sodium concentration is
increased above 40 mEq/l. Decrease in renal blood flow to a large extent is
secondary phenomena. Renal function remains depressed after correction of
circulatory disorders or termination of the insult and typically recovers only after
tubule cells have regained normal function. This usually takes 1 to 2 weeks. If
tubular cell function does not recover kidney function may remain depressed for
long periods or even deteriorate further, or eventually resulting in chronic renal
failure.
3. Postrenal acute renal failure results from obstruction of urine outflow.
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Characteristic of acute renal failure is the curtailment of glomerular and
tubular function, as evidenced by a low GFR, a high fractional Na excretion,
reduced tubular secretory activity and a diminished concentrating ability. Although
the functional changes - are relatively uniform, the initiating causes are manifold, and
range from simple ischemia to damage by nephrotoxic substances such as antibiotics,
anesthetics, contrast media, analgesics, chemotherapeutic and immunosuppressive
agents, organic solvents, heavy metals, poisons, etc.

Cellular and molecular basis of acute renal failure
Cell volume and intracellular electrolytes
Maintenance of cell volume depends on the unequal distribution of
electrolytes between intra- and extracellular compartments, a state created and
sustained by the expenditure of metabolically generated energy. Consequently,
inhibition of metabolism will lead to attenuation of transmembrane electrolyte
gradients, intracellular accumulation of osmotically active substances, water influx,
and cell swelling.
Interruption of renal blood flow causes intracellular K concentration to fall and
intracellular Na and Cl concentrations to rise, although to a different extent in the
various portions of the nephron. Ischemia-induced changes in cell electrolyte
composition and cell volume occur faster in proximal convoluted tubule cells than in
the cells of the distal convolution. This heterogeneity in ischemia-induced effects
coincides with the differences in the biochemical properties observed in the various
segments of the nephron.
The rise in cell Na concentration leads to membrane depolarisation and
reduces the driving forces for a number of transport systems. Cell depolarisation
may also modulate ion-specific channels, in particular potential activated Ca channels,
leading to cell Ca overload.
The loss of extracellular fluid to the intracellular compartment induces
erythrocyte aggregation, vascular congestion and stasis, thus impairing perfusion of
specific kidney regions and prolonging the period of substrate and oxygen depletion.
Cell calcium
During anoxia, when intracellular Na concentration is increased Na,Caexchange may be reversed leading to entry rather than extrusion of Ca. Excessive
accumulation of Ca in mitochondria causes uncoupling of oxidative phosphorylation.
Increased Ca entry into vascular smooth muscle cells has been also made responsible
for the rise in renal vascular resistance.
Cell pH
During oxygen deprivation glycolysis contributes to consumption of cell
buffers and hence depresses cell pH. Cell acidosis may impede energy-consuming
active transport events, such as Na,K,ATP-ase activity, and inhibit activation of
several monophosphatases and of phospholipases.
Lipid peroxidation
Lipid peroxidation frequently accompanies nephrotoxic insults. Substantial
loss of ATP-generating mitochondrial inner membrane surfaces was accompanied by
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substantial decreases in cellular glutathione content and activities of free-radicalscavenging systems. Peroxidation of membrane lipids has been proposed as a cause of
membrane disintegration and subsequent renal cell injury, thus causing excretory
insufficiency.

Heterogeneity of cellular insufficiency along the nephron
Cellular metabolism
A number of normal biochemical and physiological patterns can be identified
which make the cells of the kidney - specifically susceptible to ischemic or toxic
insults. One of the main activities of the tubule cells is the reabsorption of filtered Na,
which provides the driving force for the reabsorption of water and for the reabsorption
of water and for the coupled transport of organic solutes. This reabsorption of Na is an
active transport process, mediated by basolaterally localised Na,K,ATP-ase and
driven by cellular ATP. The linear correlation between renal oxygen consumption and
Na reabsorption demonstrates a direct coupling between energy-providing metabolic
processes and active ion transport.
Intrarenal heterogeneity of cellular metabolism
One characteristic of the kidney is its marked intraorgan heterogeneity of
structure, metabolism and function. The effect of nephrotoxins and ischemia on
specific cells in the kidney is related to the cells specific biochemical properties.
1. The enzymes of the glycolytic pathway are abundant throughout the distal portions
of the nephron, making this segment more resistant to anoxia compared with the
proximal tubules where the activity of these enzymes are much lower.
2. The variation in vulnerability of tubule cells to toxic damage not only depends on
their intrinsic biochemistry but also on their capacity to transport certain
substances. The inward transport of nephrotoxic substances by normally existing
transport systems will increase their intracellular concentrations to levels at which
they become cytotoxic.

Functional consequences of tubular insufficiency
Ischemic cell injury of proximal tubule is most pronounced. Ischemia reduces
proximal reabsorption of Na, Cl, HCO3 and glucose.
Although ischemia or nephrotoxin-induced transport defects in the thick
ascending limb of the loop of Henle are less pronounced than along the proximal
tubule, the reduced concentrating (or diluting) capacity is one of the most prominent
clinical symptoms of the acutely failing kidney.
The distal convolution, collecting duct system structural derangements in of
the nephron resulting from ischemic episodes are more discrete.

Vascular components of acute renal failure
Renal hypoperfusion associated with renal tissue hypoxia is a frequent
contributing factor to the establishment of acute renal failure. A reduction in renal
excretory function is usually observed during episodes of circulatory dysfunction. In
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most cases, this is fully reversed when circulatory function is normalised. A persistent
decrease in renal excretory function following normalisation of blood volume and
circulation, however, is evidence of damage to the cellular components of the kidney
during the period of circulatory dysfunction and indicates that the initial "prerenal"
renal failure has been replaced by an "intrarenal" one.
At present, it is unclear which of the vasoactive principles acting upon the
renal vasculature plays the dominating role in initiating a functional impairment of the
kidney leading to acute renal failure. Nevertheless, the activation of the intrarenal
rennin-angiotensin system appears to contribute significantly to the decrease of renal
blood flow and GFR. The vasa recta in the outer medulla are grouped in bundles, thus
allowing for contercurrent diffusion of oxygen from descending to ascending vessels.
This oxygen shunt reduces O2 tension in the papillary tissue. As a consequence, O2
tension in this region may reach critically low vales.

Acute clinical renal failure (ARF)
Acute renal failure is a syndrome caused by an abrupt reduction in GFR
(frequently to 20% or less), which leads to the retention of nitrogenous wastes and,
consequently, to a rise in blood urea nitrogen and creatinine over hours, days, or
weeks. ARF is a serious condition with substantial morbidity and a high mortality.
However, even severe ARF is potentially reversible in most cases if correctly
managed.
Oliguria may be the first manifestation of ARF. It is defined as a daily urine
output of  400 ml/24 hr, a volume that is inadequate to eliminate daily production of
nitrogenous waste products.

ARF due to prerenal failure
GFR is reduced because glomerular perfusion is impaired in the absence of
any structural kidney damage. Precipitating mechanisms: volume depletion, cardiac
failure, intrarenal vasoconstriction, and systemic vasodilatation. Activation of the
sympathetic and rennin angiotensin systems, and release of vasopressin in this
condition cause intrarenal vasoconstriction.
A number of renal adaptive responses preserve GFR in the early stages of
prerenal failure. A reduction in renal perfusion pressure results in an autoregulatory
response in which progressive afferent arteriolar dilatation maintains glomerular
perfusion and GFR. Also, the local generation of vasodilator prostaglandins within the
kidney counteracts the vasoconstrictors on the renal circulation. Angiotensin, by
preferentially constricting the efferent arteriole, maintains glomerular pressure as
renal plasma flow falls.

ARF due to acute tubular necrosis (ATN)
ATN is the most frequent intrinsic renal disease causing ARF.
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Ischemic AT
Although renal hypoperfusion initially causes azotemia by reducing
glomerular perfusion (prerenal failure), more severe and prolonged reductions in renal
blood flow ultimately may cause parenchymal damage (ATN). At this point,
restoration of renal perfusion will not promptly reverse renal dysfunction, as is true in
patients with prerenal failure.
Ischemic ATN often occurs in postoperative patients, especially with cardiac,
aortic, and gastrointestinal surgery. ATN is a well-described complication following
burns. In the first days following the burn, ATN is usually the result of volume
depletion due to fluid losses from the skin. Hemoglobinuria and myoglobinuria may
also play an etiologic role. ATN also frequently occurs after a delay of 1-2 weeks; in
these cases, sepsis and antibiotic toxicity are the most important precipitating factors.
ATN due to toxins
Toxins such as heavy metals, organic solvents, and glycols were important
toxic causes of ATN 30-40 years ago. At present aminoglycoside antibiotics and
radiocontrast media account for most cases of toxic ATN. Aminoglycosides are
filtered at the glomerulus and reabsorbed in the proximal tubule, where they achieve
high concentrations and exert a toxic effect. Damage to mitochondrial function,
membrane phospholipid structure, lysosomal integrity, and protein synthesis have all
been invoked as possible causes of the cell injury.
Clinical course of ATN
The initiating phase, which may last hours or days, patients are subject to
factors known to cause ATN but have not yet developed frank parenchymal injury.
With the development of frank tubular injury and necrosis, the GFR falls abruptly to
very low levels, typically below 5-10 ml/min.
The maintenance phase of ATN is that period during which the GFR remains
markedly depressed, and is characterised by the progressive accumulation of
nitrogenous wastes and by development of the manifestations of uremia. Fortunately,
ATN is a reversible process in the great majority of cases.
Cellular repair and regeneration ultimately lead to a progressive rise in GFR to
normal or near normal values, a process that is referred to as the "recovery phase" of
ATN

Chronic renal failure (CRF)
The degree of renal function loss (reduction in functional mass), rather than
the underlying disease, was generally to blame for the clinical manifestations of
patients with chronic renal insufficiency. The degree of reduction in GFR is a good
determinant or predictor of the clinical manifestations of chronic renal insufficiency.

Rate of progression of renal failure and possible mechanisms
Renal failure progresses over a period of time in particularly when GFR falls
below 25% of its normal level. Certain diseases known to induce renal damage may
disappear in their original form and yet lead to progression of renal disease. Acute
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poststreptococcal glomerulonephritis may lead to CRF long after active immunologic
activity has ceased.
Role of proteinuria
Loss of protein in the urine resulted from changes in the selectivity of
glomerular basement membranes to molecular size and electrical charge. The
permeable selectivity changes that lead to increased protein flux will cause mesangial
cell injury, proliferation of mesangial cells, increased production of mesangial
matrix, and eventually glomerular sclerosis.
Increased macromolecular traffic - by causing mesangial matrix proliferation,
particularly in the presence of glomerular hyperperfusion and hypertension - is a
critical factor in functional impairment in CRF.
Glomerular hypertension
Rise in the functional capacity of the remaining nephrons which consists of
increases in plasma flow rate, hydraulic pressure, filtration rate, and tubular
reabsorption of filtrate. Several models of renal disease are characterised by
glomerular capillary hyperperfusion and hypertension. Kidney can be protected from
injury by the converting enzyme inhibitors. These drugs reduce the production of
angiotensin II and reduce glomerular capillary hypertension.

Water and sodium handling in chronic renal failure
Loss of renal function is attended by an inability to normally regulate salt and
water excretion. As nephron number declines the ability to excrete concentrated urine
becomes impaired.
Each remaining nephron must increase its capacity to excrete water. Singlenephron glomerular filtration rate rises, but, at some point in the progression of
renal disease, its rise cannot compensate for the loss numbers so that overall GFR
falls. As single-nephron GFR rises, solute load to the distal nephron is increased and
tubular fluid composition is altered by the presence of poorly absorbable ions. As a
consequence, the volume of water removed from the filtrate as it traverses the
nephron is less than normal.
Transfer of osmotically active solute to the medullary and papillary
interstitium is reduced. This contributes to decreased water reabsorption. The result
is the excretion of a volume of urine greater than normally required to rid the body of
the solute load. This increase in water excretion and inability to concentrate the urine
are not the result of abnormal or impaired secretion of the antidiuretic hormone.
Sodium Excretion
In CRF, sodium excretion and conservation remain surprisingly controlled,
despite the progressive nephron damage. Sodium balance (the capacity to daily
excrete an amount of sodium chloride equal to the amount ingested) is maintained
until GFR falls below 10% of the control value.
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Abnormalities of acid-base balance
Under normal circumstances, daily production and excretion of hydrogen ions
in the adult is 1 mEq/kg body weight. The formation of hydrogen ions results from the
metabolism of proteins, sulfur-containing amino acids, and the incomplete oxidation
of carbohydrates and fats.
The kidney has the final task of excreting the acid and regenerating
bicarbonate to replenish the organism buffering capacity. Metabolic acidosis appears
when the GFR is approximately 20-30% of normal. Initially, the metabolic acidosis is
hyperchloremic with a normal anion gap:
a) decreased bicarbonate reabsorption,
b) sodium is reabsorbed with chloride as an accompanying anion rather than being
exchanged with hydrogen ion.
Acid-base disorder becomes a high anion gap acidosis as renal insufficiency
progresses and GFR falls below 10-20 ml/min. Progressive decrease in GFR causes
retention of anions and increases the anion gap. Under normal conditions, ammonia
production is the most important renal pathway to increased net acid excretion.
Diminished ammonium excretion may be a major factor in the limitation of renal
acid excretion.

Nervous system
Uremic encephalopathy
There seems to be a series of disturbances related to uremia per se, whereas
dialytic therapy of uremia also results in abnormalities. Electrolyte derangements,
vitamin deficiency, drug intoxication, acute or chronic trace element intoxication,
subdural hematoma may alter the mental state and contribute to the nonspecific but
dramatic symptomatology of nervous system: fatigability, daytime drowsiness and
insomnia, variable disorders of speech, emotional volatility, confusion, hallucinations,
delirium, and coma.
Cerebral oxygen consumption has been shown to be depressed in uremia.
Brain uptake of glutamine is depressed while that of ammonia is increased. Uremic
brain uses less ATP. Calcium overload of mitochondria may impair oxygen
consumption.
The activity of Na+,K+,ATP-ase in synaptosomes is diminished by uremia. Uremic
synaptosomes accumulate more calcium by Na-Ca exchange.
Plyneuropathy
Severe polyneuropathy can also be seen in CRF patients. Predominantly
afflicts the autonomic system manifested by postural hypotension and impotence.
Dialysis dementia has been attributed to aluminium intoxication.

Hematologic disturbances
The anemia in uncomplicated CRF patients is normochromic and normocytic
with a low reticulocyte count. A deficient production of erythropoietin by the
diseased kidneys is the most important pathogenetic factor.
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Mild hemolysis is present in anemic uremic patients. Red blood cells have a
decreased lifespan.
Other factors that may contribute to the anemia are iron and folate
deficiencies. Increased incidence of hemorrhagic complications occurs when the
uremic syndrome supervenes. The major hemostatic abnormality in uremia is a
platelet qualitative defect manifested as a prolonged bleeding time.

Renal osteodystrophy
Renal osteodystrophy is the end result of alterations in plasma calcium and
phosphate concentration that lead to altered parathyroid gland function. Parathyroid
hyperplasia and high circulating levels of PTH are the most consistent abnormalities.
In addition, reduction in calcitriol synthesis plays an important role.
The classic theory to explain secondary hyperparathyroidism in renal failure:
as renal function decreases, phosphate retention causes a small but significant
decrease in plasma calcium which stimulates PTH secretion. As a result of the high
levels of PTH, osteitis fibrosa cystica will develop.
Other factors in addition to low calcium and high phosphate levels have been
proposed to explain the changes in PTH secretion during progression of renal failure.
1. Cell from parathyroid tissue of patients with secondary hyperparathyroidism have
shown that higher calcium concentrations (a higher set point) are required to
suppress PTH secretion when compared with cells from normal parathyroid tissue.
2. Role for calcitriol deficiency: as renal failure progresses, the ratio of PTH to
calcitriol increases. Metabolic inhibitors of the enzyme 1- hydroxylase in kidney
are probably more important as renal failure progresses. Low levels of calcitriol in
uremia, by decreased intestinal calcium absorption, cause hypocalcemia.
3. Calcitriol may directly inhibit PTH secretion.

Cardiovascular manifestations
Hypertension
Hypertension is a prevalent syndrome in chronic renal disease and may
accelerate the progression of renal disease. Expansion of the extracellular volume
has fundamental importance. Increased peripheral resistance is responsible for the
maintenance of hypertension. Angiotensin II may contribute to the hypertension.
Pericarditis
Serositis, which includes pericarditis and pleuritis, coupled to abnormal
bleeding as a result of the platelet defect and/or altered fibrinolytic activity, seem to
be the initiating events in uremic pericarditis.
Heart Failure
Many factors have been proposed. Headings are hypertension and
extracellular fluid overload. The former increases ventricular afterload, leads to
cardiac enlargement, and increases oxygen demand. The latter increases ventricular
preload, cardiac work, and myocardial oxygen demands. Oxygen supply is taxed
because of the anemia of CRF and, not infrequently, the atherosclerotic heart disease
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that results from abnormal lipid metabolism in uremic patients. Acidosis depresses
myocardial contractility and induces venoconstriction, thus increasing preload.

Pulmonary manifestations
The most important pulmonary complications in uremia include:
1. pulmonary edema
2. pleural effusions
3. metastatic pulmonary calcification.
Factors that contribute to "uremic lung" include metabolic acidosis, volume
overload, and left ventricular dysfunction. Metabolic acidosis causes pulmonary
vasoconstriction and can also impair left ventricular function.
Ultrastructural analysis of chronic uremic lungs has revealed degenerative
changes of the capillary endothelium, focal accumulation of interstitial edema fluid,
and altered alveolocapillary basement membrane with irregular thickening,
lamination, and fragmentation.
The lungs are of the frequent sites of metastatic calcification in uremia. It
occurs mainly in the alveolar septa in association with fibrosis.

Lipid metabolism disturbances
Increased risk of atherosclerosis may occur in uremia either by alterations in
the metabolism of atherogenic lipoproteins like LDL and remnants of VLDL, or the
cholesterol removing mechanisms.
Hypertriglyceridemia is the most common lipid abnormality in CRF. Elevated
VLDL has atherogenic properties when they are not metabolised through the LDL
receptor. Reduced catabolism of triglyceride-rich lipoproteins and delayed clearance
of its remnants may also result from a reduction in the activity of the major lipolytic
enzymes.
Another change found in the lipid profile of patients with uremia is a decrease
in HDL cholesterol.

Gastrointestinal disturbances
Alterations of function and structure of various segments of the GI tract in
CRF may give rise to such symptoms as anorexia, nausea, vomiting, hiccups, and
diarrhea.
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DISORDERS OF ENDOCRINE SYSTEM
J. Hanáček

Hormones
Substances which are secreted by specialised cells in very low concentrations
and they are able to influence secreted cell itself (autocrine influence), adjacent cells
(paracrine influence) or remote cells (hormonal influence).
The main groups of hormones
Classic hormones (produced by specialised glands) are divided in three
groups:
1. low molecular amine hormones (catecholamines, thyroid hormones,
prostaglandins, leucotrienes, dopamine, serotonine, GABA),
2. steroid hormones,
3. polypeptidic and protein hormones.
Group of new hormones:
1. hypothalamic hormones
2. gastrointestinal hormones (26 GI polypeptides)
3. opioid peptides (endogenic opioids)
4. tissue growth factors (epidermal growth factor, nerve growth factor, PDGF,
insulin-like growth factor)
5. atrial natriuretic hormone
6. transforming growth factors and hematopoietic growth factors
7. endothelial factors
8. cytokines
General characteristic of hormones
1. They have specific rates and patterns of secretion (diurnal, pulsatile, cyclic
patterns, pattern that depends on level of circulating substrates).
2. They operate within feedback systems, either positive or negative, to maintain an
optimal internal environment.
3. They affect only cells with appropriate receptors  specific cell function is
initiated.
4. They are excreted by the kidneys, deactivated by the liver or by other
mechanisms.
Some general effects of hormones
Hormones regulate the transport of ions, substrates and metabolites across the
cell membrane:
- they stimulate transport of glucose and amino acids
- they influence of ionic transport across the cell membrane
- they influence of epithelial transporting mechanisms
- they stimulate or inhibit of cellular enzymes
- they influence the cells genetic information
Mechanisms of hormonal alterations
1. Elevated hormones level
2. Depressed hormones level
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a)
b)

c)
d)

May be caused by:
failure of feedback systems
dysfunction of endocrine gland or endocrine function of cells:
- secretory cells are unable to produce or obtain an adequate quantity of
required hormone precursors
- secretory cells are unable to convert the precursors to the appropriate form
- secretory cells may synthesise or release excessive amounts of hormone
degradation of hormones at an altered rate or they may be inactived by antibodies
before reaching the target cell
ectopic sources of hormones

3. Failure of the target cells to respond to its hormone may be caused by:
a) receptor-associated disorders
- decrease in the number of receptor   hormone - receptor binding
- impaired receptor function  insensitivity to the hormone
- antibodies against specific receptors
- unusual expression of receptor function
b) intracellular disorders
- inadequate synthesis of the second messenger
- number of intracellular receptors may be decreased or they may have
altered affinity for hormones
- alterations in generation of new messenger RNA or absence of substrates
for new protein synthesis

Alterations of the hypothalamic - pituitary system
The absence of hypothalamic hormones
- Absence of gonadotropin releasing hormone (GnRH).
In adult women: menses cease, in adult men: spermatogenesis is impaired
- ACTH response to low serum cortisol levels is decreased because of the
absence of CRH.
- Hypothalamic hypothyreoidism is caused by the absence of TRH.
- Low levels growth hormone caused by absence of growth hormone regulatory
hormones.
- Hyperprolactinemia is caused by an absence of usual inhibitory controls of
prolactin secretion.

Diseases of the posterior pituitary gland
Syndrome of inappropriate ADH secretion (SIADH)
It is characterised by high levels of ADH in the absence of normal physiologic
stimuli for its release.
1. Elevated levels of ADH is caused by ectopically produced ADH (cancer of the
lung, leukemia, response to surgery, inflammation of lung tissue, psychiatric
disease, drugs-barbiturates, general anaesthesia, diuretics...)
Pathophysiology:
SIADH  water retention   total body H2O   aldosteron production 
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solute loss (Na+)  hyponatremia  hyposmolality  ADH is released
continually  dilutional hyponatremia  suppression of renin production 
 aldosterone production   Na+ reabsorbtion in kidneys.
Even if hyponatremia develops slowly, serum sodium levels below 110 to 115
mmol/l are likely to cause severe and sometimes irreversible neurologic damage.
Rapid decrease of serum Na+ from 140 to 130 mmol/l  thirst, anorexia,
dyspnea on exertion, fatigue occur
2. Diabetes insipidus (DI) - is related to an insufficiency of ADH leading to polyuria
and polydipsia
Three forms of DI exist:
a) neurogenic or central form -  amount of ADH
b) nephrogenic form - inadequate response to ADH
c) psychogenic form - extremely large volumes of fluid intake ADH
Pathophysiology:
- partial to total inability to concentrate urine due to chronic polyuria  washout
of renal medullary concentration gradient
- increase in plasma osmolality  thirst  polydipsia (cold drinks)
-  urine output,  urine specific gravity (1.00-1.005)
- dehydration (if not fluid replacement)

Diseases of the anterior pituitary gland
Hypopituitarism
Insufficient secretion of one (selective form), more than one or all
(panhypopituitarism) hormones of adenohypophisis.
Causes:
Idiopathic, organic damage of adenohypophisis or hypothalamus (pituitary
infarction = Sheehan syndrome, pituitary apoplexy, shock, diabetes mellitus, head
trauma, infections, vascular malformations, tumours)
Consequences:
They depend on the affected hormones. If all hormones are absent
(panhypopituitarism), the individuals suffer from:
- cortisol deficiency - because of lack of ACTH
- thyroid hormones deficiency - because of lack of TSH
- diabetes insipidus
- gonadal failure and loss of secondary sex characteristics - absence of FSH and
LH
-  growth hormone   somatomedin (they affect children)
- absence of prolactin  postpartum women are unable to lactate
ACTH deficiency
(within 2 weeks) symptoms of cortisol insufficiency develop:
- nausea, vomiting, anorexia, fatigue, weakness
- hypoglycemia (it is caused by increased insulin sensitivity, decreased glycogen
reserves, decreased gluconeogenesis)
- in women, loss of body hair and decreased libido-due to decreased adrenal
androgen production
- limits maximum aldosteron secretion
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TSH deficiency
(within 4-8 weeks) symptoms of TSH deficiency develop:
cold intolerance
dryness of skin
decreased metabolic rate
mild myxedema
lethargy
FSH and LH deficiencies
in women of reproductive age:
amenorrhea
atrophic changes of vagina, uterus and breasts
in postpubertal males:
atrophy of the testicles
decreased beard growth

Hyperpituitarism
Excessive production of hormones of adenohypophisis.
Causes:
- adenoma of hypophisis
- hypothalamic form of hyperpituitarism
Consequences:
a) Excessive secretion of prolactin   secretion of GnRH   gonadotrophins.
In men: impotency, decreased libido.
In women: amenorrhea, galactorrhea.
b) Excessive secretion of somatotrophine (growth hormone) 
- acromegaly (in adults)
- gigantism (in adolescents whose epiphyseal plates have not yet closed)
Pathomechanisms:
- The usual GH baseline secretion pattern is lost (as are sleep - related GH peaks)
- A totally unpredictable secretory pattern occurs
- GH secretion is slightly elevated   somatomedin  stimulation of growth
In adult:
- connective tissue proliferation
- bony proliferation  characteristic appearance of acromegaly
-  phosphate reabsorbtion in renal tubules  hyperphosphatemia
- impairment of carbohydrate tolerance
-  metabolic rate
- hyperglycemia - it is a result of GH´s inhibition of peripheral glucose uptake
and increase hepatic glucose production  compensatory hyperinsulinism 
insulin resistance  diabetes mellitus
c) Excessive secretion of corticotrophin (ACTH)  central form of Cushing
syndrome (Cushing disease)
Causes:
- micro- or macroadenomas of adenohypophisis, hypothalamic disorders
Pathophysiology:
Chronic hypercortisolism is the main disturbance 
- weight gain: - accumulation of adipose tissue in the trunk, facial, and
cervical areas (truncal obesity, moon face, buffalo hump),
- from Na and water retention.
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glucose intolerance  NIDDM
polyuria: osmotic polyuria due to glycosuria
protein wasting: due to catabolic effects of cortisol on peripheral tissue
muscle wasting  muscle atrophy andweakness  thin lower
extremities)
In bone: - loss of protein matrix  osteoporosis
-  blood calcium concentration  renal stones
- loss of collagen in skin  thin, weakened integumentary tissues  purple
striae; rupture of small vessels
- thin, atrophic skin is easily damaged, leading to skin breaks and ulceration
- hyperpigmentation: due to very high levels of ACTH: mucous membranes,
hair, and skin
- hypertension: results from permissive effect of cortisol on the actions of the
catecholamines (KA)   vascular sensitivity to KA  vasoconstriction
- suppression of the immune system   susceptibility to infections
- alteration of mental status - from irritability and depression up to schizophrenia
- symptoms and signs of increased adrenal androgen levels in women:
 hair growth (especially facial hair)
acne
oligoamenorrhea
changes of the voice
- hyperglycemia, glycosuria, hypokalemia, metabolic alkalosis
Excessive secretion of thyreotrophin and gonadotrophins is very rare.
-

Alterations of thyroid function
Hyperthyroidism
It is a condition in which thyroid hormones (TH) exert greater-than-normal
response.
Causes:
- Graves disease
- exogenous hyperthyroidism (iatrogenic, iodine induced)
- thyroiditis
- toxic nodular goiter
- thyroid cancer
All forms of hyperthyroidism share some common characteristic:
- the main cause of disturbances is metabolic effect of increased circulating
levels of thyroid hormones   metabolic rate with heat intolerance and
increased tissue sensitivity to stimulation by sympathetic division of the
autonomic nervous system,
- the major manifestations and mechanisms of their onset:
a) endocrine:
- enlarged thyroid gland (TG) with systolic or continuos bruit over thyroid - due
to hyperactivity of TG
-  cortisol degradation - due to high metabolic rate
- hypercalcemia and decreased PTH secretion - due to excess bone resumption
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- diminished sensitivity to exogenous insulin
b) reproductive:
- oligomenorrhea or amenorrhea - due to hypothalamic or pituitary disturbances
- impotence and decreased libido in men
c) gastrointestinal:
- weight loss and associated increase in appetite - due to increased catabolism
- increased peristalsis  less formed and more frequent stools - due to
malabsorbtion of fat
- nausea, vomiting, anorexia, abdominal pain
- increased use of hepatic glycogen stores and of adipose and protein stores
- decrease of serum lipid levels
- decrease of tissue stores of vitamins
d) integumentary:
- excessive sweating, flushing, and warm skin
- heat loss
- hair faint, soft, and straight, temporary hair loss
- nails that grow away nail beds
All these signs and symptoms are due to metabolic effect of TH.

Hypothyroidism
Deficient production of TH by the thyroid gland and/or their action to the
tissue.
Primary hypothyroidism
1. congenital defects or loss of thyroid tissue
2. defective hormone synthesis - due to: autoimmune thyroiditis
endemic iodine deficiency
antithyroid drugs
Secondary hypothyroidism
1. insufficient stimulation of the normal gland
2. peripheral resistance to TH
The major manifestations and mechanism of their onset:
- Hypothyroidism generally affects all body systems with the extent of the
symptoms closely related to the degree of TH deficiency.
- The individual develops a low basal metabolic rate, cold intolerance, slightly
lowered basal body temperature.
- A decrease in TH   production of TSH  goiter.
- Characteristic sign of hypothyroidism is mixedema = alteration in the
composition of the dermis and other tissue (increased amount of protein and
mucopolysaccharides)   water binding  nonpitting edema, thickening of
the tongue, and the laryngeal and pharyngeal mucous membranes  thick
slurred speech and hoarseness.
Other manifestations:
a) neurologic
- confusion, syncope, slowed thinking, memory loss, lethargy, hearing loss,
slow movements
- cereberal ataxia
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Mechanisms involved: - decreased cerebral blood flow  cerebral hypoxia
- decreased number of beta-adrenergic receptors
b) endocrine:
-  TSH production (in primary hypothyroidism)
-  serum prolactin levels with galactorrhea
-  rate of cortisol turnover, but normal cortisol levels
Mechanisms involved:
-  TH   TSH
- stimulation of lactotropes by TRH   prolactin
- decreased deactivation of cortisol
c) reproductive:
-  androgen secretion in men
-  estriol formation in women due to altered metabolism
- anovulation, decreased libido of estrogens and androgens
- spontaneous abortion
d) hematologic:
-  RBC mass  normocytic, normochromic anemia
- macrocytic anemia due to vitamin B12 deficiency and inadequate folate
absorption
Mechanisms involved: -  basal metabolic rate   oxygen requirement 
  erythropoietin production
e) cardiovascular:
-  hart rate and stroke volume   cardiac output
-  peripheral vascular resistance  cool skin
- enlarged heart - due to  amount of protein-mucopolysacharid
-  intensity of heart sounds - due to fluid in the pericardial sac
- ECG changes - low amplitude QRS, flattened or inverted T depressed P,
prolonged PR, sinus bradycardia
Mechanisms involved: -  metabolic demands and loss of regulatory and rate
setting effects of TH
- pericardial effusions
f) pulmonary:
- dyspnea - due to pleural effusions
- myxedematous changes of respiratory muscles  hypoventilation
g) renal:
-  renal blood flow   GFR   renal excretion of water  total body
water  dilutional hyponatremia
-  production of EPO
Mechanisms involved: - hemodynamic alteration
- mucinous deposits in tissue
h) gastrointestinal:
-  appetite, constipation, weight gain
-  absorption of most nutrients
-  protein metabolism,  glucose uptake
-  sensitivity to exogenous insulin
-  concentration of serum lipids
i) musculosceletal:
- muscle aching and stiffness
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slow movement and slow tendon jerk reflexes
decreased bone formation and resorption  bone density
aching and stiffness in joints
Mechanisms involved: decreased rate of muscle contraction and relaxation
j) integumentary:
- dry flaky skin
- dry, brittle head and body hair
- reduced growth of nails and hair
Mechanisms involved: - reduced sweat and sebaceous gland secretion

Alterations of parathyroid function
Hyperparathyroidism
It is characterised by greater than normal secretion of parathormone (PTH).
Types
1. Primary - PTH secretion is autonomous and not under the usual feedback control
mechanism.
2. Secondary compensatory response of parathyroid glands to chronic
hypocalcemia.
3. Tertiary - loss of sensitivity of hyperplastic parathyroid gland  level of
autonomous secretion of PTH.
Manifestations and mechanisms
Renal colic, nephrolithiasis, recurrent urinary tract infections, renal failure:
- they result from hypercalcemia, hyperphosphaturia, proximal tubular
bicarbonate leak, urine pH  6
Mechanisms: - calcium phosphate salts precipitate in alkaline urine in renal
pelvis, and in collecting ducts
- calcium oxalate stones are also formed
a) abdominal pain, peptic ulcer disease
- result from hypercalcemia - stimulated hypergastrinemia  elevated HCl
secretion
b) pancreatitis - due to hypercalcemia
c) bone disease (osteitis fibrosa and cystica); osteoporosis - result from PTH stimulated bone resorption and metabolic acidosis
d) muscle weakness, myalgia - probably due to PTH excess and its direct effect on
striated muscle and on nerves  myopathic changes, suppressed nerve conduction
e) neurologic and psychiatric alterations - result from hypercalcemia  neuropathy
develops
f) polyuria, polydipsia - they result from direct effect of hypercalcemia on renal
tubule   responsiveness to ADH
g) constipation is due to decreased peristalsis induced by hypercalcemia (smooth
muscle weakness)
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h) anorexia, nausea, vomiting - they are due to stimulation of vomiting centre by
hypercalcemia
i) hypertension - due to renal disease

Hypoparathyroidism

a)

b)
c)

d)

It is characteristic by abnormally low PTH levels.
Causes: damage to the parathyroid gland during thyroid surgery.
depressed serum calcium level and increased serum phosphate level
Mechanisms involved:  resorption of Ca from GIT, from bone and from renal
tubules
 reabsorption of phosphates by the renal tubules
lowering of the threshold for nerve and muscle excitation  muscle spasms,
hyperreflexia, clonic-tonic convulsions, laryngeal spasms - tetania
dry skin, loss of body and scalp hair, hypoplasia of developing teeth, horizontal
ridges on the nails, cataracts, basal ganglia calcifications ( Parkinsonian sy.)
Mechanisms involved: unknown up to now
hyperphosphatemia  inhibition of renal enzyme necessary for the conversion of
vitamin D to its most active form  further depression of serum calcium level by
reducing GIT absorption of calcium
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DISTURBANCES OF GASTROINTESTINAL TRACT
M. Tatár

Manifestations of gastrointestinal dysfunction
Vomiting is the forceful emptying of stomach and intestinal content (chyme)
through the mouth. Several types of stimuli initiate the vomiting reflex: distension of
the stomach or duodenum, severe pain, torsion or trauma affecting the ovaries, testes,
uterus, bladder, or kidney and activation of the chemoreceptor trigger zone in the
medulla.
Nausea and retching usually proceed vomiting. It is a subjective experience
that is associated with many different conditions. A diffuse sympathetic discharge
causes the tachycardia, and sweating that accompany retching and vomiting. The
parasympathetic system mediates copious salivation, increased gastric motility, and
relaxation of the upper and lower oesophageal sphincters. The duodenum and antrum
of the stomach produce retrograde peristalsis, while the body of the stomach and
oesophagus relax.
Spontaneous vomiting that is not preceded by nausea is called projectile
vomiting. Projectile vomiting is caused by direct stimulation of the vomiting centre by
neurologic lesions (e.g., tumors or aneurysms) involving the brain stem.
The metabolic consequences of vomiting are fluid, electrolyte, and acid-base
disturbances.
Constipation is difficult or infrequent defecation. Constipation can be caused
by neurogenic disorders of the large intestine in which neural pathways are absent or
degenerated. An example is Hirschsprung disease (congenital megacolon), the
absence of ganglion cells in the myenteric plexus of the large intestine. Other
disorders associated with constipation include acquired megacolon (enlarged or
dilated colon), multiple sclerosis, spinal cord trauma, and cerebrovascular disease.
Muscle weakness or pain caused by abdominal surgery can impair or inhibit
defecation. Lesions of the anus, such as inflamed haemorrhoids, fissures, or fistulas,
make defecation painful because of stretching.
A low-residue diet (the habitual consumption of highly refined foods)
decreases the volume and number of stools and causes constipation. Increased
consumption of cereals, fruits, and vegetables adds nonabsorbable fibre to the faeces
and is conducive to regular and easy evacuations.
A sedentary life-style and lack of regular exercise are frequent causes of
constipation. Depression often impairs bowel evacuation, partly because depressed
individuals tend to be sedentary and lack the motivation to eat healthfully.
Diarrhoea is an increase in the frequency of defecation and the fluidity and
volume of faeces. Many factors determine stool volume and consistency, including
water content of the colon and the presence of unabsorbed food, unabsorbable
material, and intestinal secretions.
Diarrhoea in which the volume of faeces is increased is called large-volume
diarrhoea. Large-volume diarrhoea generally is caused by excessive amounts of water
or secretions or both in the intestines. Small-volume diarrhoea, in which the volume
of faeces is not increased, usually results from excessive intestinal motility.
The three major mechanisms of diarrhoea are osmotic, secretory, and motile.
In osmotic diarrhoea the presence of a nonabsorbable substance in the intestine
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causes it to be drawn into the lumen by osmosis. The excess water is retained in the
intestine and, along with the nonabsorbable substance, increases stool weight and
volume. This causes large-volume diarrhoea. Lactase deficiency is the most common
cause of osmotic diarrhoea.
Secretory diarrhoea is a form of large-volume diarrhoea caused by excessive
mucosal secretion of fluid and electrolytes. Primary stimuli of intestinal secretion are
bacterial enterotoxins, gastrinoma or thyroid carcinoma. Produce hormones that
stimulate intestinal secretion.
Large-volume diarrhoea is usually caused by an inflammatory disorders of the
intestine, such as ulcerative colitis or Crohn disease. Inflammation of the colon causes
cramping pain, urgency, and frequency.
Gastrointestinal bleeding: numerous disorders cause bleeding in the
gastrointestinal tract. Upper gastrointestinal bleeding, which is defined as bleeding in
the oesophagus, stomach, or duodenum, is commonly caused by bleeding varices
(varicose veins) in the oesophagus or ulcers. Lower gastrointestinal bleeding, or
bleeding from the jejunum, ileum, colon, or rectum, can be caused by polyps,
inflammatory disease, cancer, or haemorrhoids. Acute, severe gastrointestinal
bleeding is life threatening. Acute blood loss is usually characterised by hematemesis
(the presence of blood in the vomitus), hematochezia (frank bleeding from the
rectum), or melena (dark, tarry stools). Occult bleeding is usually caused by slow,
chronic blood loss that results in iron deficiency anaemia as iron stores in the bone
marrow are slowly depleted. Physiologic response to gastrointestinal bleeding
depends on the amount and rate of the loss.
The accumulation of blood in the gastrointestinal tract is irritating and
increases peristalsis, causing diarrhoea. If bleeding is from the lower gastrointestinal
tract, the diarrhoea is frankly bloody. Bleeding from the upper gastrointestinal tract
generally produces melena.
The hematocrit and haemoglobin values are not the best indicators of acute
gastrointestinal bleeding because plasma and red cell volume are lost proportionately.
As the plasma volume is replaced, the hematocrit and haemoglobin values begin to
reflect extent of blood loss.
Dyspepsia includes upper abdominal or retrosternal pain, discomfort,
heartburn, nausea, vomiting or other symptoms referable to the proximal part of the
alimentary tract. Three categories are recognised: ulcer-like dyspepsia, reflux-like
dyspepsia and motility-like dyspepsia.
Patients with ulcer-like dyspepsia have symptoms highly suggestive of peptic
ulcer.
The large reflux-like dyspepsia group includes all patients with heartburn
and/or chest pain, as well as reflux or regurgitation. Symptoms are due to acid reflux
into the lower part of the oesophagus. Cardinal symptoms in reflux-like dyspepsia
include dysphagia, pain on swallowing liquids or solids, weight loss and anaemia.
Motility-like dyspepsia is characterised by symptoms, which suggest an
underlying motility disturbance of the upper gut. Can be defined as upper abdominal
pain and discomfort: nausea and vomiting, anorexia, postprandial abdominal bloating
feeling of distension. In motility-like dyspepsia, psychosocial aspects may be
important.
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Gastroesophageal reflux disease (GER)
The lower oesophageal sphincter (LES) is recognised as an important
component of the antireflux barrier. The LES pressure changes throughout the day
and can be affected by the different phases of digestion, food components, hormones,
and drugs. Three mechanisms for reflux have been identified by monitoring
intraesophageal pH in conjunction with continuos LES pressure levels. First, periods
of transient complete relaxation of the LES were noted. Second, a transient increase in
abdominal pressure, such as with deep inspiration, could produce reflux, and, third,
some patients continuously maintained an extremely low resting LES pressure with
reflux.
Duration of reflux depends in part on the clearing of oesophageal acid by
gravity and the peristaltic wave. Additional benefit is derived from chemical
neutralisation of swallowed saliva.
Symptoms
The most frequent patient complaint in GER is retrosternal burning,
commonly refereed to as heartburn and also termed pyrosis. This may be experienced
at night when supine, during the day when upright, or with a change in position, such
as bending at the waist, resulting in the loss of the protection of gravity. Postprandial
occurrence is common, especially after the ingestion of onions, citric acids, spices,
coffee, chocolate, peppermint. Some of these foods act as direct mucosal irritants###
others promote reflux by lowering the pressure of LES.
Difficulty in swallowing, or dysphagia, can result from uncomplicated GER.
Noncardiac chest pain is attributed frequently to motor disease of the
esophagus and perhaps is induced by acid reflux. Use of combined 24-hour pH and
motility recordings suggests that some patients have chest pain in periods of acid
reflux, others at times of dysmotility, and another group with both.
As many as 80% of patients with nonseasonal asthma have excessive reflux.
The heartburn immediately preceding wheezing or chronic cough is the best indicator
for vigorous treatment of GER.
Fluid welling up in the mouth from sudden excessive salivary flow, termed
waterbrash, is an occasional reflex response to acid regurgitation.
Hoarseness have been seen with thickening of the posterior laryngeal
commissure and attributed to GER.

Pathophysiology of gastroduodenal mucosal protection
Role of the mucus-bicarbonate barrier in protection against acid and
pepsin
The barrier that protects the undamaged gastroduodenal mucosa from
autodigestion by gastric juice is a dynamic multicomponent system. Evidence from
several studies shows a continuous mucus layer over the undamaged gastroduodenal
mucosa. Intact gastric mucosa in all species tested secretes HCO3- into the lumen.
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The HCO3- secretion alkalinises the viscoelastic mucus gel adherent to the
intact gastric mucosa and provides a first line of defence against luminal acid.
Exposure of the gastric mucosa to high acidities or to damaging agents such as
ethanol results in mucosal damage and induces passive diffusion of interstitial fluid,
including HCO3-, across the mucosa. This passive diffusion of HCO3- alkalinises the
fibrin mucoid cap which forms over the damaged mucosa and is important in the
process of mucosal repair.
Surface neutralisation and unstirred layers
Gastroduodenal epithelial HCO3- secretion neutralises luminal acid within the
matrix of the adherent mucus gel. A pH gradient is established from an acid pH in the
lumen (pH 2 or above) to a near-neutral pH at the mucus-epithelium interface. The
adherent mucus gel creates a stable unstirred layer at the mucosal surface that acts as a
mixing barrier, restricting the movement of newly secreted HCO3- and preventing it
from being overwhelmed by the vast excess of acid in the lumen.
Protection against pepsin
Pepsin, do not significantly penetrate a 1- or 2-mm thick layer of gastric
mucus over 24 h. The continuous layer of adherent mucus gel over the stomach and
duodenum should therefore act as a protective barrier to prevent pepsin in the lumen
from digesting the underlying epithelium. However, pepsin in the lumen will digest
the adherent mucus gel at its surface to produce soluble degraded mucin in the gastric
juice. Secretion of new mucus gel satisfactorily replaces that lost by peptic digestion
and erosion through mechanical abrasion.

Mechanisms of acid disposal in the stomach
Permeability of gastric epithelium to hydrogen ions
The gastric mucosa has a low permeability to H+, being able to maintain a H+
concentration gradient approximitly 106 across the epithelial lining. Diffusion barrier
is located at the apical cell membranes and tight junctions of the epithelium.
Process of the disruption of the gastric mucosal barrier is divided into three
phases, initiated by 1) bulging of the apical cell membrane into the lumen (with
accelerated Na+-H+ exchange) and followed by 2) dilation of the intercellular spaces
and 3) necrosis and desquamation of epithelial cells (with exudation of interstitial
fluid).
The disrupted gastric mucosa is protected by an alkaline buffer zone at the
mucosal surface, which "prevents" H+ back diffusion by neutralising the influxing H+
and that actually no luminal acid enters the mucosa itself. This may explain why in
normal or healthy conditions the disrupted gastric mucosa can tolerate quite large
amounts of H+ back diffusion without gross damage. It could also account for the fact
that an additional ulcerogenic factor, such as hemorrhagic shock, restraint stress, or
metabolic acidosis (all of which compromise the availability of HCO3- in the mucosa)
is needed for gross ulceration to develop.
Role of mucosal blood flow in hydrogen ion disposal
When H+ diffuses into the mucosa, it must be rapidly eliminated to prevent
tissue acidosis. It is now clear that mucosal blood flow plays the central role in this
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process. Critical determinant of mucosal ulceration is not increased acid - pepsin
aggression but rather an inability on the part of the mucosa to dispose of intramucosal
H+ loads. Mucosal ischemia seems to contribute to "stress ulceration" induced by
other types of stress, such as restraint stress, severe burn, or septic shock. Direct
evidence supporting the critical importance of an intact mucosal microcirculation in
the maintenance of mucosal integrity is provided by findings that microvascular
congestion, thrombosis, and damage caused by intravenous or local intraarterial
infusion of platelet-activating factor provokes mucosal ulceration. Increased mucosal
blood flow is one contributory factor in the protective (so-called "cytoprotective"
action of prostaglandins). In ulcerogenic situations, prostaglandins seem to alleviate
or abolish the general or focal mucosal ischemia while protecting the mucosa against
damage.
Protective role of interstitial bicarbonate
For each H+ secreted into the gastric lumen, a HCO3- is generated and released
through the basolateral membrane of the parietal cell into the bloodstream, the socalled "alkaline tide". After submaximal histamine stimulation, H+ secretion and back
diffusion were roughly equal, and the alkaline tide was sufficient to neutralise backdiffusing H+, preventing intramuscular acidification and protecting the mucosa against
ulceration.

Epithelial proliferation and restitution
Two processes, proliferation and restitution, are responsible for maintaining an
epithelial cell barrier in the gastrointestinal tract.
Proliferation
It occurs as a result of mitosis and is therefore a fairly protracted process. The
half-life of surface epithelial cell in the stomach is on the order of 1-2 days.
Restitution
It is a much more rapid process that depends on cell migration across the basal
lamina. It operates over a time scale of minutes /hours to ensure that epithelial
continuity is quickly restored in areas denuded of surface cells as a result of mild
trauma incurred for example during digestion. Restitution describes the process
whereby superficial defects in the surface epithelium that do not penetrate the basal
lamina.
Recovery from acute and chronic damage
Epithelial disruption can occur in response to mechanical trauma during
digestion, osmotic loads, alcohol, or wide range of drugs. Disrupted cells together
with existing mucus and fibrin exudate form a gelatinous or mucoid cap of greatly
enhanced dimensions. An alkaline exudate is trapped beneath this gelatinous barrier,
thereby providing a favourable environment for restitution as a result of local
neutralisation of luminal acid and dilution of noxious agents. Damage to the basal
lamina, removal of the mucoid cap, or vascular stasis are all associated with
progression of damage rather than immediate repair.
Chronic ulcers tend to occur as focal lesions in the stomach or proximal
doudenum which penetrate the muscularis mucosae and beyond and which heal over a
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protracted period of weeks or months by a process analogous to the repair of skin
wounds.
Given the multiple processes that control acid and pepsin secretion and
defence and repair of the gastroduodenal mucosa, it is likely that the cause of
ulceration differs between individuals. Acid and pepsin appear to be necessary but not
sufficient ingredients in the ulcerative process. It is clear that the majority of gastric
ulcers and a substantial number of duodenal ulcers do not have increased gastric acid
secretion.
Evidence is mounting in support of Helicobacter pylori as a necessary
ingredient in the ulcerative process, similar to acid and pepsin.
Although the pathophysiology of gastric ulcer and duodenal ulcer is similar, there are
clearly differences between the two groups. Duodenal ulcer is typified by H. pylori
infection and duodenitis and in many cases impaired duodenal bicarbonate secretion
in the face of moderate increases in acid and peptic activity. The inflammation or the
infection itself then disrupts the process of mucosal defensive impairments are more
important. The combination of inflammation, protective deficiencies, and moderate
amounts of acid and pepsin may be enough to induce ulceration.

Cystic Fibrosis
Cystic fibrosis (CF) is the most common lethal autosomal recessive disease.
CF recurrent pulmonary infections and progressive pulmonary insufficiency form the
most serious clinical manifestations of CF and account for about 90% of disease
mortality. Abnormal sweat gland function (production of hypertonic sweat) is noted in
almost all patients, and pancreatic insufficiency occurs in about 85% patients.
Although lung, sweat gland, and pancreatic dysfunction form the classical clinical
triad of CF, this disorder should be considered a systemic disease affecting many
epithelial tissues.
Both the apical and basolateral membrane potentials were found to be altered
in the cells, suggesting that both membranes were contributing to the Cl- transport
defect. Cl- transport abnormalities have been reported in variety of other CF tissues,
including colon, small intestine, and rectum.
Malabsorption syndrome is the characteristic clinical presentations of the CF
pancreas. The principal intestinal manifestation of CF is meconium ileus. The
meconium in these infants is relatively dehydrated and viscous, causing intestinal
obstruction within several days of birth.

