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 UNIT 17

Shock

Congratulations you have made it to the last unit! Shock is a condition that affects many organ systems of the body. Thus a sound understanding of the material in the previous units will help you in this one. It is important to appreciate that shock is not a disease in and of itself but rather a complex response by the body to some underlying pathology or insult. In many situations nurses are the first health care professionals who recognize and initiate treatment of the individual in shock.

Overview

Aim

The general aim of this unit is to facilitate your understanding of shock with specific reference to the pathophysiology that takes place at the cellular level. You will gain a basic understanding of the hemodynamic and metabolic changes that occur as well as the clinical manifestations of this life threatening condition.

Objectives

At the end of this unit you will be able to: 

1. Define shock

2. Classify shock

3. Outline the hemodynamic and metabolic changes that occur in different types of shock

4. Describe the clinical manifestations and principles of treatment of shock

Resources

Requirements

Read:

Porth, C. M. (2005). Pathophysiology-Concepts of Altered Health States (7th ed.). Philadelphia: Lippincott. .  Chapter 28, pp. 617-626
Rice, V. (1991). Shock: A clinical syndrome: An update. Part I: An overview of shock. Critical Care Nurse 11(4), 20-24, 26-27. 

Rice, V. (1991). Shock: A clinical syndrome: An update. Part II: The stages of shock. Critical Care Nurse, 11(5), 74-76, 78-79.

Rice, V. (1991). Shock: A clinical syndrome: An update. Part III: Therapeutic management. Critical Care Nurse, 11(6), 34-39.

Rice, V. (1991). Shock: A clinical syndrome: An update. Part IV: Nursing care of the shock patient. Critical Care Nurse, 11(7), 28-32, 35-40. 

Supplemental Materials

Read:
Ayres, M. (1988). The prevention and treatment of shock in acute myocardial infarction. Chest, 93(1), pp. 17-21. 

Houston, C. (1990). Pathophysiology of shock. Critical Care Nursing Clinics of North America, 2(2), 143-149.

Orientation to Unit

In this unit it is important that you do the required readings before working on the unit as this will aid your understanding. Also do not do this all at once. It is better to take your time with it and do one or two sections at a time.

Web Links

All web links in this unit can be accessed through the Web CT system.

Section 1: Shock

Definition

As previously stated, shock is not a disease entity in itself but rather a clinical syndrome that is seen when the body is subjected to an insult or injury, or when there is an underlying pathological condition. For example, shock may occur as a result of: 

· Traumatic injury 

· Hemorrhage 

· Myocardial infarction 

· Generalized hypersensitivity reaction

· Massive systemic infection

This list is by no means exhaustive, you may wish to add to it based on your own clinical experiences.

Shock has been defined in a number of ways, e.g., “a condition in which the cardiovascular system fails to perfuse the tissues adequately, resulting in widespread impairment of cellular metabolism”. Another definition is that shock is, "clinically shock can be defined as a complex syndrome of decreased blood flow to body tissues resulting in cellular disfunction and eventual organ failure," (Rice, 1991a, p. 20). You can see that both definitions emphasize the importance of what is happening at the cellular level. In any type of shock that you will see in clinical practice you will observe a variety of signs. What you cannot directly observe is the damage that is being done to the cells and the tissues. It is important that you gain a conceptual understanding of this in order to appreciate what is happening to the individuals in your care. 

Before we take a look at the types of shock let’s review what we need for normal physiological functioning: 

· An efficient heart—to pump blood and perfuse our vital organs

· Healthy blood vessels—to transport blood to the cells and return it from the cells back to the heart

· An adequate supply of blood in the cardiovascular system

· Viable tissues and cells that can extract oxygen and nutrients from the blood and return waste products of cellular metabolism back to the blood

When we consider shock, essentially one or all of these events listed above become impaired in some way. Let’s compare the ways in which McCance and Huether (2001) and Rice (1991a) classify shock. 

Classification of Shock

Porth





Rice

	1. Hypovolemic


1. Hypovolemic 

In hypovolemic shock there is a large amount of fluid loss from the system. It may be whole blood, plasma or interstitial fluid that is lost. 

	2. Cardiogenic 


 2. Cardiogenic 

	As the name implies, cardiogenic shock results from failure of the heart. This may be due to a number of factors, the commonest cause is from myocardial infarction. Congestive heart failure and severe pericardial infection can also cause cardiogenic shock. 

	3. Neurogenic or vasogenic
	3. Distributive 

	4. Anaphylactic
5. Septic shock
	According to Rice (1991a),distributive shock includes neurogenic/vasogenic, anaphylactic and septic shock. 


Distributive shock involves an abnormal distribution of blood and body fluids.

In Summary

Hypovolemic Shock 

There is a decrease in circulating blood/fluid volume. 

Cardiogenic Shock 

The heart is acting as an inefficient pump. 

Distributive Shock

There is an abnormal distribution of blood/ body fluids. Let’s take a closer look at each type of shock. 

Hypovolemic Shock 

 Read Porth, pp.617-621.
Hypovolemic shock results from a decreased amount of blood or body fluids in the cardiovascular system.  Hypovolemia may result from: 

External Loss

	Hemorrhage
	· Trauma to major vessels 

	
	· Following surgery 

	
	· From a bleeding disorder 

	 
	

	Loss of plasma
	· Severe burns 

	 
	

	Loss of fluids
	· Severe perspiration 

	
	· Excessive diuresis 

	
	· Excessive vomiting 


Internal Loss

	Hemorrhage
	· Closed fracture of a long bone (as much as 2 litres of blood may be “lost” from the femur into the soft tissue)


	Loss of plasma/fluids
	· Cirrhosis of the liver causes third spacing of fluid. The fluid accumulates in the peritoneal cavity (i.e., a third space). You will recall from the unit on GI disorders that the fluid that collects in the abdomen is known as ascites. Third spacing can also occur in other areas of the body e.g. extremeties.




Table 19.1 summarizes what happens in hypovolemic shock. 

Table 19.1 Hypovolemic shock

	· Decrease in blood/body fluid volume (the clinical signs of shock will be manifested when 15-20% of the cardiovascular volume is depleted).

· Decrease in venous return to the heart

· Decrease in stroke volume

· Decrease in cardiac output

· Decrease in tissue perfusion




Cardiogenic shock  - Read Porth, pp.614-617
Cardiogenic shock is due to the inefficient pumping mechanism of the heart. Rice (1991a) has subdivided cardiogenic shock into two types, coronary and noncoronary.

Coronary Type

The coronary type of shock is the more common of the two. For example, it may occur following an acute myocardial infarction. Cardiogenic shock is even more likely if the anteroseptal wall of the left ventricle is affected. You will recall from the unit on myocardial infarction that the extent of damage to the myocardium may vary quite considerably. Not only is it important to assess the area of myocardium that is affected but also whether the infarct is transmural. It has been estimated that if approximately 35-70% of the left ventricle is infarcted then cardiogenic shock is inevitable (Ayres, 1988). 

Noncoronary Type

The noncoronary type of shock occurs with viral or bacterial infections of the myocardium or pericardium. It may also occur in the presence of excessive thyroid hormone. Table 19.2 in this unit summarizes what happens in cardiogenic shock. 

Table 19.2 Cardiogenic shock 

	· Inefficient pumping mechanism of heart

· Decreased emptying of the heart chambers (due to inefficiency of the heart as a pump)

· Increase in ventricular filling pressures

· Decreased stroke volume

· Decreased cardiac output

· Decrease in tissue perfusion




Distributive Shock

Read Porth, pp.622-624.

There are several types of distributive shock. They all have one thing in common: there is abnormal distribution of blood in the circulatory network. In distributive shock it is primarily the blood vessels that are affected, specifically a decrease in the peripheral resistance and an increase in the vascular capacity (especially in the peripheral circulation).

Neurogenic Shock

Neurogenic shock is relatively rare and transitory. It may be caused by injury or disease to the spinal cord; high levels of spinal anesthesia; vasomotor centre depression. There is loss of sympathetic vasoconstrictor tone. This leads to massive vasodilation and an increase in the peripheral vascular capacity. The effect is similar to that of hypovolemia, the blood is “lost” to the peripheries. Table 21.3 in this unit summarizes what happens in neurogenic shock. 

Table 19.3 Neurogenic shock

	Massive Vasodilation



	Veins

· Decreased return to the heart

· Decreased filling pressure

· Decreased stroke volume

· Decreased cardiac output


	Arteries

· Decreased peripheral resistance

· Decreased blood pressure



	· Decrease in tissue perfusion




Anaphylactic Shock 

Fortunately anaphylactic shock is relatively rare, however when it does occur it is life threatening. You will recall from the unit on the immune system that a hypersensitivity reaction causes the release of vasoactive substances from mast cells and basophils. The individual then has the clinical manifestations of anaphylactic shock. 

It may be caused by a hypersensitivity: to drugs, such as penicillin; anesthetics; contrast media used in radiography; blood incompatibility; insect bites or stings and certain foodstuffs such as nuts. Table 19.4 in this unit summarizes the events in anaphylactic shock.

Table 19.4 Anaphylactic shock 

	Hypersensitivity reaction

· Release of vasoactive substances (histamine, serotonin)

· Increase in vasodilation

· Increase in blood vessel permeability

· Decrease in circulating volume (blood is “lost” to the peripheries)

· Decrease in blood pressure

· Decrease in tissue perfusion




Septic Shock 

Septic shock, as the name implies, occurs as a result of massive infection to the body. The infection enters the blood (septicemia) and is therefore widely dispersed. It can be caused by a variety of microorganisms (i.e., viruses, fungi and bacteria). The most common infecting agent is Gram negative bacteria. Certain individuals are predisposed to this type of shock.

STOP and THINK! What type of patients/clients do you think would be at risk for septicemia and septic shock? (Answers at the end of this unit). 

As far as the clinical picture is concerned there are two manifestations of septic shock: warm shock and cold shock. 

In warm shock initially the blood volume is normal and the cardiac output can be normal or even high. This occurs because there is a sustained decrease in the peripheral vascular resistance and a consequent decrease in afterload. The decreased afterload makes it easier for the ventricle to eject the blood, leading to a normal or increased cardiac output. 

Warm shock may last 30-40 minutes to a few hours. The invading bacteria release endotoxins which cause an alteration in cellular metabolism. See Table 19.5 below. The cells of the body cannot metabolize well and they do not use oxygen and nutrients. Under these circumstances cells resort to anaerobic metabolism (this will be discussed more fully later) causing a lactic acidosis to occur. Table 19.6 in this unit summarizes the events in warm and cold shock. Warm shock eventually progresses to cold shock.

Table 19.5 Properties of exotoxins and endotoxins

	Property


	Exotoxin
	Endotoxin

	Bacterial source


	Mostly Gram-positive bacteria
	Almost exclusively Gram-negative bacteria



	Relation to micro-organism
	Metabolic product of growing cell
	Present in cell wall and released only with destruction of cell



	Chemistry
	Protein or short peptide
	Lipopolysaccharide complex



	Heat stability
	Unstable; can usually be destroyed at 60-80 degrees C (except staphylococcal enterotoxin)


	Stable; can withstand autoclaving (120 degrees C for 1 hr.)

	Toxicity (power to cause disease)
	High


	Low

	Toxic effects
	Specific for a particular cell structure or function in the host
	General, such as fever, weakness, aches, and shock; all produce the same effects



	Treatment
	Can be converted to toxoids and neutralized by antitoxin
	Cannot be converted to toxoids and are not easily neutralized by antitoxin



	Lethal dose
	Small


	Considerably larger

	Representative diseases
	Gas gangrene, tetanus, botulism, diphtheria, scarlet fever
	Bacillary dysentery (shigellosis), epidemic meningitis, and tularaemia




Reproduced with permission from McCance, K., & Huether, S. (1990). Pathophysiology: The biologic basis for disease in adults and children. St. Louis: Mosby, p. 58.

Table 19.6 Septic shock: the features of warm and cold shock

	Warm Shock

· Bacterial endotoxins released

· Immune and inflammatory response mounted

· Alteration in cellular metabolism

· Anaerobic metabolism (lactic acid produced)

· Peripheral vasodilation

· Decreased venous return to heart

· Decreased filling of ventricles

· Decreased afterload

· Decreased stroke volume

· Cardiac output is normal or elevated (initially)

· Patient’s skin is warm, dry and pink (note these are NOT the “normal” clinical manfestations of someone in shock)

Cold Shock

· Continued release of endotoxins

· Further stimulation of the immune and inflammatory response

· Increase in blood vessel permeability

· Decrease in central blood volume (i.e. is shunted to the peripheries)

· Further decrease in venous return to the heart

· Further decrease in stroke volume

· Decrease in cardiac output

· Decrease in tissue perfusion

· Patient’s skin is cold, pale and clammy (i.e., the “normal” clinical appearance of someone in shock)




Summary

In summary, in shock there can be one or all three of the following: 

· A decrease in blood volume—either external loss, third spacing or “lost” to the peripheral blood vessels

· An increase in the dilation of the peripheral blood vessels 

· The heart is working inefficiently

You will note from Tables 21.1-21.5 in this unit that in all types of shock, the bottom line is literally a decrease in tissue perfusion. The decrease in tissue perfusion seriously effects the functioning of the cells involved. Prior to discussing the events at the cellular level let’s take a brief look at the hemodynamic and metabolic changes that occur. This would be a good time to take a break! 

Pathophysiology

Hemodynamic and Metabolic Changes in Shock

Hemodynamic Changes

You will be pleased to know that we have already covered the hemodynamic changes that occur in the different types of shock. You have read about the changes that take place in the blood vessels with respect to permeability and dilation. You have also covered the material in relation to the shunting of blood. Essentially the body tries to retain the blood at the vital organs (heart and brain) by shunting it away from the peripheries. Of course this does not happen on every occasion (especially in distributive shock) but this is what the body attempts to do, admittedly with varying degrees of success. 

Metabolic changes

The amount of damage that is done at the cellular level is an important determinant in the individual’s survival. In order to understand the metabolic changes that occur it is important to look at what normally happens at the cellular level. 

Capillary Blood Flow 

Nonnutrient flow 

Blood is shunted from the arterial to the venous vessels. This provides warmth at the peripheries but it does not supply oxygen or nutrients. You can see that if this blood flow is affected in shock then the individual’s peripheries would become cold, which is exactly what happens.

Nutrient flow

The nutrient flow is the capillary flow that supplies oxygen and nutrients to the cells. The cells then utilize the oxygen and nutrients in the following way:

· cells require energy for metabolic processes 

· the energy source that cells use is a substance known as adenosine triphosphate (ATP) 

· ATP can be synthesized in two ways by the cell: 

5. aerobically and 

6. anaerobically (glycolysis)

In shock (all types), the cells resort to anaerobic metabolism. This is an inefficient method of synthesizing ATP. However, in shock the cells have little choice since the body is trying to conserve the oxygen that it has for the vital organs. Table 19.7 in this unit summarizes the events that occur in glycolysis (anaerobic metabolism). It is important to note that the description of glycolysis is very simplified with respect to what is actually happening at the cellular level.

Table 19.7 Anaerobic metabolism 

	· Glycolysis takes place in the cell cytoplasm.


· Glucose is broken down (i.e., glycolysis) to pyruvate.

 
· Pyruvate is converted to ATP, a by-product is produced in the process (lactic acid). 

 
· Lactic acid causes a decrease in the cell pH, i.e. there is an acid environment at the LOCAL cellular level. Note at this point there is no systemic acidosis.

 
· Local cellular acidosis impairs the functioning of the cell. If you have ever done strenuous exercise and the next morning your thigh muscles feel as though someone has driven steel bolts into them, that is the effect of lactic acid at the cellular level! 

 
· The lactic acid impairs the sodium-potassium pump found in the cell membrane.

 
· The impaired pump allows potassium to leave the cell and sodium to enter. 

 
· The influx of sodium allows water to enter the cell. 

 
· The cell swells and the membrane increases its permeability. 

 
· The cell organelles rupture (e.g., mitochondria and lysosomes). 

 
· Cell death ensues with the release of cellular contents into the serum. 

 
· This contributes to further cellular damage and acidosis at the systemic level.




You might be wondering with all this ongoing damage to the cells: What does the body do to try and prevent this from happening? 

Well, essentially the body cannot reverse what is happening. A number of compensatory mechanisms start to work in an attempt to reverse the damage, however resuscitative procedures are always necessary.

The next section deals with the stages of shock and the ways in which the body tries to compensate.

Stages of Shock

Stage I—Initial Stage 

The first stage is known as the initial stage. In this stage there may be no clinical features apparent. However, it is important to note that cellular damage is already taking place. You will recall that recovery is very much dependent on the extent of the cellular damage that occurs.

Stage II—Compensatory Stage

In stage II (the compensatory stage) the body attempts to compensate for the damage that has commenced and the cardiac output and blood pressure are decreased. The body tries to compensate by utilizing the nervous system, hormones and chemicals. Let’s take a look at each of these compensatory mechanisms in turn. The three mechanisms (nervous system, hormones and chemicals) attempt to restore both cardiac output and blood pressure.

1. Nervous System

When the blood pressure decreases, baroreceptors (i.e., pressure receptors) in the aorta and the carotid arteries detect the drop in pressure. This is relayed to the medulla and sympathetic nerve stimulation occurs. The sympathetic response causes the heart rate to increase and the myocardium to contract more forcefully. The coronary vessels dilate in order to provide adequate oxygen to the heart muscle itself. Whereas other vessels in the skin and gastro-intestinal tract constrict and blood is shunted away from these areas to the brain and heart. Other nervous system effects include: 

· Dilation of the pupils 

· Increase in respirations 

· Increase in blood flow to skeletal muscles 

· Increase in sweating (the sweat glands are innervated by the sympathetic nerves)

The appearance of the individual: 

· Skin is cool, clammy and pale

· Increase in thirst (excess fluid is drawn from the mucous membranes in order to conserve as much fluid as possible)

· Decrease in urinary output (again to conserve fluid)

· Decrease in gastric motility

2. Hormonal Mechanism 

The sympathetic nervous system causes vasoconstriction (except for the coronary arteries). There is therefore a decrease in blood flow to the kidneys. The decrease in perfusion to the kidneys is detected by the juxtaglomerular apparatus. This apparatus releases renin into the blood. Renin cleaves an inactive precursor plasma protein known as angiotensinogen. This is converted to angiotensin I, which in turn is converted to angiotensin II by a converting enzyme in the lungs. Angiotensin II is a powerful vasoconstrictor which stimulates the adrenal cortex to release the hormone aldosterone. Aldosterone acts on the renal tubules and sodium is reabsorbed (when sodium is reabsorbed water follows). Antidiuretic hormone (ADH) is released from the posterior pituitary and causes an increase in water reabsorption from the distal tubules and collecting ducts. Changes in plasma osmolality are detected by osmoreceptors in the hypothalamus. As the plasma osmolality (concentration of water) decreases, the amount of ADH secreted increases. The hormone (ADH) is also increased when there is a loss in intravascular volume.
The anterior pituitary releases adrenocorticotrophic hormone (ACTH). This stimulates the release of glucocorticoids from the adrenal cortex. The glucocorticoids in turn stimulate gluconeogenesis in the liver. Glucose is necessary for the brain to function. Catecholamines (adrenaline and noradrenaline) from the adrenal medulla sustain the sympathetic effect and stimulate glycogenolysis in the liver.

3. Chemical

Chemoreceptors in the aorta and the carotid arteries can detect a decrease in oxygen tension in the blood. In shock, when there is a decrease in cardiac output there is also a decrease in blood flow to the lungs. This results in a ventilation/perfusion imbalance. Some of the alveoli are adequately oxygenated (ventilation) but with poor blood flow through the capillary bed (perfusion) the blood is not well oxygenated. The chemoreceptors trigger the respiratory centre in the medulla and the rate and depth of respirations is increased. Carbon dioxide is now blown off (a carbonic acid deficit occurs) and a respiratory alkalosis develops (recall the unit on Fluid and Electrolytes).

Cerebral blood vessels are sensitive to low levels of CO2 and alkalosis. The vessels constrict leading to cerebral ischemia and hypoxia. It is therefore not uncommon for individuals who are in shock to become disorientated and restless. It is important to note that the chemical compensation begins because of the low oxygen tensions, however the end result is that compensation is detrimental, especially to the brain.

In this stage the following clinical features may be present: 

· Level of consciousness may fluctuate. Agitation and restlessness often occurs

· Blood pressure may be normal or decreased

· Heart rate and respirations are increased

· Increase in thirst, decrease in urinary output

· Pupils are dilated

· Skin is pale, cool and clammy

· Bowel sounds are decreased (decrease in gastric motility)

· Laboratory findings would indicate

· hyperglycemia

· hypernatremia

· hypoxemia

· hypocapnia

Stage III—Progressive Stage 

As the name implies the compensatory mechanisms cannot sustain an adequate cardiac output and shock progresses. In addition, even when the compensatory mechanisms are effective, prolonged vasoconstriction is detrimental to the cells, tissues and organ systems. The cells continue to metabolize anaerobically which increases the local metabolic acidosis. In the capillary beds the local acidosis causes the precapillary sphincters to relax, however the postcapillary sphincters remain constricted. This results in:

· The outflow of blood being impeded from the capillary bed

· A decrease in the circulating blood volume (i.e., much of it is in the capillary beds)

· Tissue edema due to fluid leaving the capillaries and entering the tissues

· Stasis of blood (the blood may start to clot) due to the slow movement of blood through the capillary beds

Many organ systems now become affected:

· Brain—Further decrease in blood flow leads to further disorientation, agitation and eventual loss of consciousness. 

· Heart— Myocardial ischemia, decreasing cardiac output, dysrhythmias and heart failure. 

· Lungs—Increasing vasoconstriction. Release of histamine and serotonin causes increase in permeability of the vessels. Fluid shifts out of the vessels into the surrounding tissue resulting in pulmonary edema. The lungs become wet and boggy a local acidosis prevents the effective use of the respiratory muscles which in turn leads to hypoventilation. Carbon dioxide is now retained (i.e., a carbonic acid excess) which results in a respiratory acidosis. The alveoli collapse because there is a decrease in surfactant production. This increases the pulmonary edema which in turn further increases the atelectasis and hypoventilation. This condition is given different names e.g. shock lung; primary pulmonary edema; acute respiratory distress syndrome (ARDS). (see Porth, pp.643; 715; 715-6). 

· Kidneys—There is a decrease in blood flow to kidneys leading to a condition known as acute tubular necrosis, which in turn leads to acute renal failure. Urinary output is significantly reduced (< 20ml/hour). There is an increase in blood urea and creatinine. 

· GI tract—There is a decrease in blood flow to the gut causing congestion, ulceration, localized edema, anorexia, nausea and vomiting. 

· Liver—Progressive liver failure with an increase in liver enzymes. 

· Pancreas—Progressive failure of the pancreas leading to release of pancreatic enzymes and formation of myocardial depressant factor (MDF). This substance depresses myocardial contractility.

Thus in the progressive stage the compensatory mechanisms fail and the organs and organ systems deteriorate. Clinically you may see:

· Increasing loss of consciousness leading to coma

· Continuing decrease in blood pressure and cardiac output

· Myocardial ischemia

· Cold skin, blue/grey in colour, with poor capillary refill in the nail beds. There may also be some evidence of jaundice

· Rapid but shallow respirations. Crackles and wheezes will be heard in the lungs

· Decrease in urinary output

Stage IV - Refractory (Irreversible)

In this stage there is no response to therapy and the pathological mechanisms cannot be reversed. A vicious cycle of events now ensues: 

· Progressive loss of consciousness and deep coma

· Heart failure—The continuous decrease in cardiac output leads to lack of perfusion of the myocardium, which in turn leads to decrease in contractility and further decrease in cardiac output

· Acidosis—This causes further cellular destruction and poor renal and respiratory function

· Blood clotting occurs throughout the body. This is due to the decrease in circulating blood volume and stasis of the blood in the blood vessels. This condition is known as disseminated intravascular coagulation (DIC). Eventually the clotting factors are "used up" leading to diffuse bleeding throughout the body

· Cerebral ischemia—Due to decrease in cardiac output and decrease in tissue perfusion

· Multiple system failure and death occurs

Management

As you can appreciate, the management of the individual in shock is related to the underlying cause and therefore management strategies vary. The two main principles of management are:

· To identify and treat the underlying cause

· To improve tissue (cellular) perfusion and thereby reduce cellular damage

As previously stated all types of shock lead to a decrease in tissue perfusion, and the amount of cellular damage is directly related to mortality (i.e. the greater the cellular damage the increased likelihood of death.)
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Answers to Learning Activities

Patients/Clients at Risk for Septicemia and Septic Shock 

· Individuals who are immunosuppressed (e.g., patients receiving chemotherapy, AIDS patients/clients and transplant patients)

· Patients who are at risk following surgery (especially surgery of the urinary tract, e.g., transurethral resection of the prostate)

· Where any instrumental invasion occurs (e.g., peripheral lines, central lines and catheterization)

· The elderly and very young
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